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ABSTRACT 

Pedestrian fatalities and injuries resulting from traffic accidents cause immeasurable personal 
suffering and an immense economic loss. The comparison of international accident statistics 
indicates that pedestrian safety has improved in highly developed countries while the situation 
in developing countries is still serious. The majority of pedestrians involved in road accidents 
get harmed in collisions with motorised vehicles, especially with passenger cars. In spite of a 
wide variety of existing countermeasures promising innovations are not feasible due to the 
lack of drivers’ willingness to pay. To overcome this problem, authorities like the European 
Union have successfully implemented directives setting safety standards for new cars. 
Although the benefits of such legislative and encouraging countermeasures are undoubted, the 
practical relevance of the test procedures is heavily contended. In-depth accident investigation 
like IMPAIR analyses single pedestrian accidents from an interdisciplinary perspective and 
yields a better understanding of the accident occurrence and kinematics. In combination with 
macroscopic approaches, the results of in-depth analyses enable an advancement of directives 
and legislations and offer valuable starting points for further studies to increase pedestrian 
safety. 

Keywords:  pedestrian-car collision, accident statistics, countermeasures, directives, 
encouragement, interdisciplinary investigation 
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1 INTRODUCTION 

1.1 Background 

„Um die Ecken jagen die Equipagen in so wütender Eile, dass die Fußgänger 
 nur durch einen kühnen Sprung an die Häuser Leben und Glieder retten.“ 
(“Around the corners, the equipages chase in furious haste, so that the pedestrians 
save lives and limbs only by taking a flying leap towards the houses.”)  
 (Eugenie Marlitt: Goldelse, 1866) 

This citation is part of a German novel written 140 years ago. It alludes to a problem older 
than the automobile: pedestrian safety. Twenty years later, in 1886, Carl Friedrich Benz 
invented his first three-wheeled version of the automobile. In the dawn of automotive history 
other inventors like Daimler, Panhard, Levassor, Peugeot, Duryea, Ford and Olds soon 
followed with their own approaches (Gillespie, 1992). Their inventions triggered an 
unequalled technical development in transport with enormous worldwide effects on the way 
of life – and on pedestrian safety.  

The victims of traffic accidents pay the price for the great conveniences today’s motorised 
traffic offers. Pedestrians are the “infantry of traffic”, they are the most vulnerable among all 
the road users. Obviously, a typical pedestrian accident involving a motorised vehicle and a 
pedestrian brings together quite unequal opponents. While the driver of the vehicle is shielded 
by a robust mass of around one ton in weight, the pedestrian’s only protection is usually his 
clothing. Furthermore, the fleet of motorised vehicles and the group of pedestrians have 
developed quite differently during the last 120 years of automotive history. While the fleet of 
motorised vehicles have been equipped with a variety of sophisticated safety measures to 
protect their occupants, the physical nature of the human being has neither changed 
evolutionary nor has it artificially been enhanced in measurable extent.  

5,466 pedestrian fatalities in the EU-15 countries, 2,739 in Japan, 232 in Australia and 4,749 
in the USA were registered by accident statistics in the year 20031 (IRTAD, 2005). On 
average, the numbers of injured pedestrians ranged about 25 times higher. While pedestrian 
casualties are relatively high but decreasing in most of the developed countries, the many 
developing countries – among them China and India with currently about 2.3 billion people – 
yield the contrary picture: The fatality risks of pedestrians are lower but increasing.   

Except for the innumerable personal suffering of each traffic injury or death, the harmed, 
irreversibly affected or lost lives of the victims of traffic accidents represent huge economic 
losses for the society. Every year road accidents worldwide produce costs of an estimated 
US-$ 500 billion. In low- and middle-income countries the costs exceed the total amount 

                                                 
1 Older numbers had to be taken for Belgium (2001), Greece (2000), Italy (2002) and Sweden (2002). 
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received in development assistance (Global Road Safety, 2005). In 1996 the costs of road 
accidents in OECD countries represented between 2% and 4% of their total GDP, depending 
on the evaluation method (Ockwell, 1999). On the average around a third of these costs can 
be ascribed to pedestrian accidents. 

1.2 Motivation and goals of this study 
The European Union has set the target to halve the number of road deaths until the year 2010 
based on the year 2000 figures. The number of pedestrian fatalities shall be reduced by 30% 
during the same period, that of seriously injured pedestrians by 17% (ETSC, 2003). 

By adopting the directive 103/02 EC, the European Union has successfully called attention to 
the problem and urged car manufacturers to concentrate on pedestrian safety, leading to 
modified front designs of new cars and considerable amounts of money going into 
corresponding research projects. This certainly contributed to the significant decrease in 
casualties.  

However, the EU targets have not been reached yet requiring further efforts. Existing and new 
possible countermeasures have to be analysed and discussed. The EU directive, for example, 
features some restrictions which could be overcome by an analysis of the real life pedestrian-
accident occurrence and a better understanding of accident kinematics. Modern research 
concentrates on in-depth accident investigation and interdisciplinary approaches.  

By illustrating the problem of pedestrian safety and analysing possible remedies, this thesis 
wants to contribute to form an opinion about the problem and to enable to make the right 
decisions leading to a further decrease of the number and severity of pedestrian accidents. 

1.3 Overview on the thesis 
The first part gives a review of the fundamentals of pedestrian accidents (chapter 2), provides 
an international analysis of pedestrian accident figures (chapter 3) and illustrates the dynamics 
and consequences of full head-on collisions between motor vehicle and pedestrian (chapter 4). 
The character of the first part is descriptive summarising the problem this thesis elaborates on.  

The second part deals with counteractive measures representing proven or promising 
remedies against the problem of pedestrian accidents. Starting with a synopsis and evaluation 
of contemporary countermeasures (chapter 5), the recent cross-national approaches in 
legislation concerning pedestrian safety are examined (chapter 6) before the second part 
finishes with a section about in-depth analyses in the field of pedestrian accidents (chapter 7). 

In the third part the findings of the two preceding parts are brought into confrontation. The 
main results are summarised and complemented by an outlook on further research and 
development (chapter 8). 
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PART I: ANALYSIS OF THE PROBLEM OF PEDESTRIAN ACCIDENTS 
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2 FUNDAMENTALS OF PEDESTRIAN ACCIDENTS 

2.1 The pedestrian – definition and distinction 
What is a pedestrian? This first part of the title of the thesis is a common word which is not 
only but primarily used in the field of traffic for a specific group of road users. Its meaning 
seems to be obvious. Being surveyed on their perceptions of the term “pedestrian”, most 
people describe it simply as a “walking person”. This short definition is certainly a good start. 
But what exactly is meant by “pedestrian”? And how can “pedestrian” as a road user be 
distinguished from other road users? 

The English “pedestrian” stems from the Latin pedester which again is related to the Latin 
pedes “one who goes on foot” being derived from pes “foot”. “Pedestrian” was first used as 
an adjective, particularly referring to a “prosaic, dull” way of writing. It contrasted to the 
Latin equester “on horseback”. Only later in the end of the 18th century, the English adjective 
was also used in its literal meaning “going on foot”. About the same time “pedestrian” was 
also understood as a noun being a synonym for “walker” (Harper, 2001; search: pedestrian). 

The latter definition is confirmed by contemporary dictionaries. According to the Webster's 
Third New International Dictionary (Merriam-Webster, 1993), a pedestrian is “a person who 
travels on foot”. Another source offers an almost identical definition: The American Heritage 
Dictionary of the English Language (Houghton Mifflin Company, 2004) defines pedestrian as 
“a person travelling on foot; a walker”.  

Other languages have their own words for pedestrian. The German “Fußgänger” is almost 
identical to the Swedish “fotgängare”. Both are compositions of the respective native words 
for “foot” and “a person who goes”, addressing the same meaning as the English “pedestrian”. 
Less emphasis on the foot is put by the Swedish alternative “gående” which could be 
translated with “walker”. This again is quite similar to examples from Asian languages. The 
Japanese “hokousha” and the Chinese “xing ren” consist of the respective word elements for 
“going/walking” and “man/person”. All these expressions refer to the natural human way of 
walking as the crucial criterion for the phrase “pedestrian”. The sample suggests that the 
language barrier does not need to be considered as a source of confusion.  

No definitions of “pedestrian” could be found in several traffic regulations or glossaries of 
traffic statistics. Their authors seem to share the public perception that the meaning of 
“pedestrian” is obvious and unambiguous. At the same time, texts of law refer to “the 
pedestrian” as one important road user quite frequently. For example, the German 
“Straßenverkehrs-Ordnung” (StVO, Road Traffic Regulations) does neither explain what a 
“pedestrian” is nor does it answer the question which road users shall be regarded as 
“pedestrians”. Though, it contains the German equivalent 34 times (64 times in compositions 
of the word). 
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As a result of this lack of definition, German experts have intensively discussed the question 
how to classify inline skaters. Finally the highest juridical authority had to decide the contrary 
discussion: The “Bundesgerichtshof” (German Federal Court of Justice) pointed out in its 
leading decision from the 19th of March 2002 (reference: VI ZR 333/00) that inline skaters 
have to be considered as pedestrians. 

Suchlike cases show the necessity for a clear definition of pedestrian in the context of traffic. 
One possible starting point is to take into account crucial characteristics and attributes of 
pedestrians. A renowned German institute describes the pedestrian as a most agile and 
versatile road user, when walking being capable of making a 180-degree-turn on a square 
metre in one second only. Furthermore a pedestrian is not bound on a fixed trace and has 
almost no brake distance. While the pedestrian is quite unpredictable in his movements, he is 
the most vulnerable road user without any deformable zone (DVR, 2005).  

The etymological review given above offers another interesting approach: If transferring the 
counterparts “on foot” and “on horseback” on today’s means of transport, a key criterion for 
the distinction between pedestrian and other road users would be the existence of a “saddle” 
or any kind of seat. This definition is valid as long as all drivers are sitting or lying when 
steering their traffic vehicles. One exception to the rule is the group of disabled persons in 
wheel chairs. They control their vehicles in sitting position but are usually – and sensibly – 
regarded as pedestrians. Further exceptions are children riding on child’s vehicles and persons 
using sleds and similar equipment. 

The Swedish Traffic Regulation points out that “gående” (pedestrian) comprises even road 
users on skis, skates or on a “sparkstötting” (a special Swedish sled with runners), child’s cars 
and similar equipment. In addition to that all road users who lead, push or pull the latter 
vehicles, bicycles, mopeds, child’s carriages or invalid chairs are also considered as 
pedestrians (Chapter 1, §4, Trafikförordningen).  

Combining the approaches above, the following definition for “pedestrian” is suggested:  

Pedestrians take part in traffic by going on their feet or by using light transport equipment. 
They can generally be distinguished from other road users by the following set of typical 
characteristics: 

• Pedestrians are not sitting on saddles or driver’s seats. 

• Pedestrians use only transport equipment being light enough to be carried by themselves. 

• Pedestrians are not shielded by deformable zones. This makes them extremely vulnerable. 

• Pedestrians travel rather slowly. Usually they move not faster than 15 km/h. Only in 
exceptional cases and with special equipment, they may reach velocities of up to 30 or 
50 km/h.  

• Pedestrians are versatile in their movements and flexible to different road environments. 
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Exceptions to each single characteristic do exist reflecting the wide variety of road users all 
pooled in the term “pedestrian”. Disabled persons are perhaps those pedestrians who are 
covered by the given definition the least. 

 

2.2 Classification of pedestrian accidents 
An accident can be defined as “an unexpected usually sudden event that occurs without intent 
or volition although sometimes through carelessness, unawareness, ignorance, or a 
combination of causes and that produces an unfortunate result … for which the affected party 
may be entitled to relief under the law or to compensation under an insurance policy” 
(Merriam-Webster, 1996). With regard to traffic, the “unfortunate result” comprehends injury 
or loss of property. In the framework of this thesis a pedestrian accident is considered as a 
traffic accident involving at least one pedestrian.  

Pedestrian accidents can be distinguished by the accident causation, the pedestrian’s 
characteristics, the kind and number of the accident opponents, the respective constellation 
the pedestrian is arranged to in the instant of the accident, the pedestrian’s and the opponent’s 
velocities and the accident environment including criteria like daytime, location and weather.  

While the following subchapters only describe the single criteria of classification, the 
statistical analysis in chapter 3.2 provides detailed accident data showing the different 
occurrences of the criteria. 

2.2.1 The accident causation factors human, vehicle and environment 
“How could that happen?” – This question is often asked when talking about an accident and 
searching for possible causes. Accident causation is decisive not only for legal consequences 
but also for accident investigation and statistics. Thus, it is reasonable to utilise it as a first 
criterion for the classification of pedestrian accidents. 

In traffic safety, the tripartite system of human, vehicle and environment is commonly used. 
Each accident is caused by at least one of these three factors. The human-vehicle-environment 
approach is primarily applied to vehicle-vehicle accidents. The human factor covers all human 
beings whose behaviours and actions directly contribute to the accident. These are first of all 
the drivers of the involved vehicles but possibly also other persons like passengers. The 
vehicle component comprises the respective motor vehicles. The environment could be 
defined with everything which is outside the motor vehicles. 

Applying this threefold system to pedestrian accidents, some transformations are necessary: 
The human factor, already most important for the average road accident, receives even greater 
importance. It includes the pedestrian, the opponent (normally the driver of a motor vehicle) 
and if applicable further involved persons. Since the pedestrian brings none or only minor 
vehicle-alike equipment, the role of the vehicle mainly depends on the vehicle of the 
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pedestrian’s opponent. There is an obvious but crucial difference between motor-vehicle-only 
and pedestrian accidents: While it is the interior of the motor vehicle which is eminently 
safety relevant in the first case, it is the exterior of the opponent’s vehicle in the latter case. 
The definition of the environment is the same as for other road accidents. Its particular 
importance for pedestrian safety derives from the relatively high vulnerability of the 
pedestrian. 

In practice, pedestrian accidents are usually not linked to only one of the three causes but 
result from a combination of all three factors, with emphasis on the one or the other. 
Assuming that a main factor or cause can be determined for all pedestrian accidents, the 
accident causation is suitable as a classification criterion for pedestrian accidents. 

2.2.2 Pedestrian characteristics 
As adumbrated above, the group of pedestrians comprises diversified elements. The spectrum 
ranges from exercised inline skaters equipped with skating helmets and speeding inattentively 
on a rural road – over the mother leading by the hand her small child across the street heading 
for school – to the overweight senior citizen impaired in seeing and walking as well as being 
dependent on walking aids. 

The three examples already imply the most important characteristics, divided into the 
following groups:  

- Physical attributes (age, gender, height, weight, health, fitness, sensory perception, 
ailments) 

- Mental and behavioural attributes (attentiveness, purpose of journey, drug abuse) 

- Equipment (clothing, luggage, aids, protection) 

- Walking characteristics (steadiness, velocity, single or in group) 

Due to the great number and diversity of the characteristics, two different pedestrians might 
be affected by the same accident in quite different ways. In addition to that, the single 
characteristics are partly interdependent. To give some examples: Age is closely related to 
height, fast pedestrians are usually also healthy, small children are more often accompanied 
by other pedestrians than adults. 

2.2.3 Accident opponents 
Pedestrian accidents are very heterogeneous. Injuries of pedestrians can almost always be 
redirected to a collision, either with another road user or with elements of the traffic 
environment. The latter contains also cases when pedestrians lose their stand and collide with 
the ground, for example due to icing. In rare cases pedestrians receive injuries in traffic 
without any collision. Examples would be a psychological shock due to extreme situations or 
the intoxication by leaking gases or fluids as a result of a truck accident. Typically however, 
the pedestrian collides with another road user.   
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Except for the single accidents mentioned above, pedestrian accidents can be distinguished by 
the respective accident opponent. The following opponents are possible: other pedestrians 
including inline skaters; bicycles; animals used in traffic – and all groups of motorised 
vehicles like motorcycles, passenger cars, vans, trucks, busses, etc. Pedestrian accidents 
involving railway vehicles, ships, planes or other means of transport are omitted within the 
scope of this thesis. 

2.2.4 Accident constellation 
The accident constellation describes the locations and directions of the pedestrian and the 
opponent in the short space of time before the first collision takes place. The constellation 
determines on which region of the body the pedestrian gets hit. This again influences – in 
combination to the characteristics of the pedestrian and the opponent – the kinematics of the 
pedestrian accident. 

The importance of the accident constellation increases with the energy of the collision, thus 
by the mass and velocity of both the pedestrian and – first of all – the accident opponent. 
Because of that the accident constellation becomes decisive in particular for collisions with 
motor vehicles. For such cases the following questions are determinant:  

- Is the pedestrian in an upright posture? 

- Is the opponent’s vehicle in a horizontal bearing? 

- By which side of the vehicle is the pedestrian hit first? 

- On which side of the body is the pedestrian hit?  

- What was the pedestrian’s direction of movement in relation to the vehicle when being 
hit? 

Each question entails several possible answers leading to a great number of potential accident 
constellations. The number of variations of accident constellations is caused by different 
vehicle designs and particularly by the enormous degree of freedom of pedestrian movement.  

2.2.5 Accident velocities 
A crucial factor for the severity of traffic accidents is the kinetic energy of the respective 
accident opponents. The kinetic energy of a body depends solely on its mass and velocity:  

2

2
1 vmEkin ⋅⋅=  

Since the mass is closely related to the vehicle type, this factor is already comprised in the 
classification criterion of the accident opponent. The velocity, however, is not covered yet and 
even more important for the kinetic energy of the accident opponents, as the velocity is 
incorporated in the energy formula by square. The velocity could be understood as part of the 
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accident constellation. Its major importance on the outcome of the accident, however, 
suggests to list it as an own criterion of classification.  

While the mass of a pedestrian can be assumed to be located in a range from 20 kg to 130 kg, 
on average about 75 kg, all possible accident opponents are at least as heavy as, usually much 
heavier than the pedestrian. If the typical case, a collision with a motor vehicle, is assumed, 
the mass of the opponent is mostly even greater than 1000 kg, with great variations between 
and within different types of motor vehicles. Therefore, the velocity of the opponent can be 
regarded as the decisive velocity in the majority of pedestrian accidents. Still, the pedestrian’s 
velocity does have an important effect on the course of motions of the accident and must not 
be neglected. 

The most common velocities used in accident investigation and reconstruction of pedestrian-
to-motor-vehicle collisions are the initial velocity of the vehicle, i.e. the velocity before the 
driver reacts on the situation, and the collision velocity, i.e. the velocity in the moment of the 
first collision with the pedestrian. They are normally identical for non-braked pedestrian 
accidents, and closely related if the driver decelerates the vehicle before the collision. While 
both are relevant for accident dynamics, the collision velocity is the determinant for the 
kinetic energy in the moment of the collision. It is therefore used as criterion for 
classification. 

2.2.6 Accident environment 
Pedestrian accidents can also be classified according to the environment they take place in. As 
a first definition, the accident environment can be described as the set of physical conditions 
affecting the accident but not belonging to the pedestrian or another involved road user. The 
most important examples are the road surface, the road markings, the road items, the 
temperature, the weather condition, the lighting condition and the noise level. 

In addition to the physical conditions a broader definition would also include factors 
influencing these physical conditions. Examples for these factors are the type of the road, the 
time of the day, the day of the week, the region or country, the climate, the age of the road, 
the location of the road (urban/rural), the spatial separation of different road networks. 

In the broadest sense, the environment covers also non-physical conditions like traffic 
regulations and other legislative circumstances as well as moral concepts and social 
conventions. An example for the latter normative aspects is the question of how to weigh up 
mobility against the value of a human life.  

In spite of the fact that the physical conditions are directly influencing the accident, the 
relevance of the indirect factors is supported by the problem that only they are often registered 
by accident statistics. This is illustrated by the following important statistical finding from the 
USA: “If one takes a look at the statistics, it appears that almost 66% of the pedestrian 
fatalities occur between 6 p.m. and 6 a.m. or during the night or late evening” (Holt, 2004, 
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page V). To discover the gist of this statement, it has to be derived first that, considering the 
fact that it is dark within the stated time interval, 66% of the pedestrian fatalities occur in poor 
lighting conditions. The problem of indirect statistical information is to make the correct 
interpretation. In the given example there could be an alternative explanation for the many 
pedestrian fatalities at night: the human factor. Many fatalities occur due to misuse of alcohol 
and hence poor and dangerous behaviour in traffic. 

Two things can be learned from that. Firstly, statistical information which mostly refers to 
indirect accident causes has to be interpreted with caution. Secondly, pedestrian accidents 
have generally more than one cause only. Therefore, statistical information has to be cross-
checked. 
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3 STATISTICAL ANALYSIS 
Pedestrian accidents are a global problem. According to own conservative estimations, based 
on recent years’ international figures of the most populated and most motorised countries, the 
worldwide annual number of killed pedestrians in road traffic constitutes roughly 100,000.2 
With regard to that, definitely more than 2,000,000 pedestrians get injured every year.3 If 
additionally taking into account the victims’ relatives who also suffer from the consequences 
of the accident, altogether by far more than 10,000,000 can be estimated to be – directly or 
indirectly – afflicted with pedestrian accidents per annum. 

But how is this misery distributed throughout the world? How has the accident situation 
developed over the last decades and which conclusions can be drawn for the future 
development? Which population groups are most at risk? And what are the main reasons for 
pedestrian accidents, as far as statistics can show? These are the crucial questions which shall 
be answered in this chapter. 

First of all, it will be shown that there are several obstacles if undertaking a worldwide 
statistical analysis of pedestrian accidents. Unfortunately, data quality features strong 
international variations, making it sensible to classify countries in different groups. That is 
done in the first subchapter. The second subchapter yields a short macroscopic comparison of 
pedestrian accident statistics of industrialised countries with comparably high levels of 
motorisation. A more detailed analysis of four representatives of highly motorised countries, 
namely Sweden, Germany, Australia and Japan, is content of the third subchapter. The fourth 
subchapter outlines the particular situation of developing countries. Subchapter 3.5 
summarises the key findings of the statistical analysis. 

 

3.1 Data quality and country selection 

3.1.1 Problems with pedestrian accident statistics  
The whole purpose of compiling accident statistics is to receive an exact picture of the real 
accident situation, simplified to certain parameters, to provide a reliable basis for adequate 
decision making. The quality of the accident data determines how well the reality is reflected 
by the statistics. According to the White Paper “Defining and Measuring Traffic Data 
Quality” (Turner, 2002), data quality comprises accuracy, completeness, validity, timeliness, 
coverage and accessibility.4 In other words, accident data should exactly reflect the 
characteristics of the statistical object (accuracy), avoid missing values (completeness), be 

                                                 
2 This is supported by, firstly, the assumption that, in recent years, the worldwide number of road fatalities in 
road traffic reached one million (TRL, 2000, p.1) and, secondly, that national proportions of pedestrian fatalities 
in all road accident fatalities clearly exceed 10% (compare chapter 3.2). 
3 Considering international injury/fatality ratios for pedestrian accidents of 20:1 or higher 
4 Compare Turner (2002) for further definitions 
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suitable and adequate to the parameters (validity), be up-to-date (timeliness), comprehend all 
relevant parameters (coverage) and be easily retrieved and processed (availability). 

In practice, however, these objectives are sometimes far from their ideal condition. The first 
problem is that most official statistics define “pedestrian accident” too narrowly. As 
pedestrian accidents with loss of property only are both seldom and often not reported to the 
police, they are often excluded from statistics (e.g. IWG.Trans, 2003). Therefore, the term 
“pedestrian accident” often refers to injury accidents only. 

Another important type of pedestrian accident not being registered in official statistics is 
when a pedestrian has an accident without conflicting with another road user. An example of 
this pedestrian single accident would be a pedestrian falling while walking on the pavement. 
The Swedish National Road and Traffic Research Institute (VTI) and the Lund University 
(LTH) provided one of the very rare studies about pedestrian (and cyclist) single accidents 
(LTH/VTI, 1996). The study highlights the importance of this accident type from the 
perspective of pedestrian safety: Pedestrian single accidents are neither seldom nor of 
negligible severity. The study determines elderly women as the group most at risk and 
suggests adequate countermeasures such like better winter road maintenance. 

According to §1 of the German “Straßenverkehrsunfallstatistikgesetz” (StVUnfStatG, Road 
Traffic Accident Statistic Regulation) only those accidents are registered which occur as a 
result of vehicle traffic. That excludes pedestrian single accidents (Destatis, 2004a, p.41). 

Even in most of the developed countries, satisfying levels of data quality and comparability of 
traffic statistics have not been reached yet. The limitations of currently existing and the lack 
of further data bases for the European countries are discussed in Thomas (2000). The 
international differences in definitions of statistical terms like “traffic accident”, “fatality” etc. 
are for example illustrated in IRTAD (1998). 

Exact accident numbers of problematic vehicle types like motor vehicles equipped with bull-
bars are often also unavailable. Precise statistical statements about their involvement in 
pedestrian accidents are therefore impossible. In Germany, for example, the “Kraftfahrt-
Bundesamt” (KBA, Federal Bureau of Motor Vehicles and Drivers) does neither provide 
information whether a vehicle is an all-terrain vehicle nor whether it is equipped with a bull-
bar (Zellmer & Schmid, 1995).  

Worldwide statistical comparisons are hampered by different national practices and 
techniques in collecting statistical data as well as by problems with the reliability and the 
validity of traffic statistics. An outline of the problems with obtaining worldwide traffic 
statistics is provided by Jacobs et al. (2000). They show that data quality is particularly a 
major problem in many developing countries. But there are also highly motorised countries 
which have considerable problems with underreporting or the reliability of accident data. 
Inconsistent definitions, classifications and statistical approaches cause unnecessary 
inaccuracies when consolidating different national data sets. 
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3.1.2 Country classification and selection 
In spite of these formal obstacles, it is sensible to classify the set of countries into different 
groups. The reason is that certain countries share specific safety characteristics and show a 
similar statistical development. But what are suitable criteria for classification? 

As it can be expected (and will be shown later) that the majority of pedestrian accidents are 
caused by motor vehicles, the level of motorisation is apparently an adequate criterion. At the 
same time, the level of motorisation is often quite homogeneous throughout a certain region 
or even continent. In that case the region becomes an alternative criterion for classification. 
Applying a combination of these two criteria, Jacobs et al. (2000) break down the world into 
the Highly Motorised Countries (HMC) which are not linked to one single region, the 
Latin/Central American Countries and the Caribbean (LAC), Africa, Asia-Pacific, Central and 
Eastern Europe (CEE) as well as the Middle East and North Africa (MENA), as illustrated in 
Figure 1. This classification represents mostly the classification used by The World Bank.5  

HMC

Africa

Asia-Pacific

CEE

LAC

MENA

HMC

 
Figure 1 – The HMC and other regionally homogeneous country groups of the world (classification 
according to Jacobs et al., 2000) 

The vast majority of innovations with relevance for pedestrian safety have been accomplished 
in HMC because the phenomenon of pedestrian accidents, caused by the high numbers of 
motor vehicles, has been known in these countries for much longer than elsewhere. 
Accordingly the knowledge about pedestrian safety and the level of protection are 
extraordinarily high. 

At the same time the motorisation level of a country is generally closely related to its 
economic welfare, commonly measured by its GDP. Figure 2 substantiates this assumption 

                                                 
5 Compare the category “countries” on the website of The World Bank (http://www.worldbank.org). 
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for a sample of 40 countries including all IRTAD (International Road Traffic and Accident 
Database) and ten additional countries from different continents. These countries range from 
less developed and less motorised countries like India, with a motorisation level of five motor 
vehicles per 1000 inhabitants and a GDP per capita of US-$ 3,072, to highly developed 
countries like the USA, with 784 motor vehicles per 1000 inhabitants and a GDP per capita of 
US-$ 39,732. Altogether more than 56% of the world’s population are represented by the 
country sample. The correlation level R² lies at 84.5% indicating a strong correlation of GDP 
p.c. and the motorisation level. The correlation type is logarithmic: The motorisation level of 
poorer countries reacts more elastic on changes of the GDP p.c. while richer countries face a 
saturation of motor vehicle increase.  

Dependency of motorisation level from GDP p.c.
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Figure 2 – Dependency of motorisation level from GDP per capita 

In addition to the opportunity to finance more motor vehicles per person, rich countries can 
first of all be expected to have the best chances to invest in pedestrian safety. In other words, 
the capability of a country to establish a high level of pedestrian safety can be measured by its 
GDP. It shall be added that economical wealth only creates the opportunity to increase 
pedestrian safety. There is no automatism for safety! On the contrary, increasing economical 
wealth pushing the motorisation level yields a higher risk for pedestrians to be struck by a 
motor vehicle. Especially countries having a rather low level of development but also a 
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rapidly developing economy may primarily face the negative consequences on pedestrian 
safety. Typical examples are the fast developing countries China and India. 

Because of all these reasons, the next subchapters refer mainly to richer highly motorised 
countries while, at the same time, the crucial role of the poorer developing countries is not 
overlooked but illustrated in subchapter 3.4 at the end of the statistical analysis. 

 

3.2 International macroscopic comparison of Highly Motorised Countries 
The statistical analyses of this chapter are mainly based on numbers gathered from the 
International Road Traffic and Accident Database (IRTAD). While IRTAD is generally open 
to all countries, its current 30 member countries are mostly relatively wealthy OECD 
countries. IRTAD is based on the national official statistics of the member countries, thus 
depending on the cooperation of the respective national statistical institutes. The database is 
hosted and administrated by the German Federal Highway Research Institute (BASt, 
Bundesanstalt für Straßenwesen) in Bergisch Gladbach.  

Due to the structural perils mentioned above, IRTAD alone could not provide the data 
necessary for the analyses. Because of that, supplementary data was collected from national 
and international (for example Eurostat) official statistics, from other databases like CARE 
(Community database on Accidents on the Roads in Europe, established by the European 
Commission), from the CIA World Factbook 2005 (CIA, 2005) and, for several specific 
questions, also from literature sources. 

Table 1 and Figure 3 show values and proportions of several country characteristics, directly 
or indirectly influencing pedestrian safety. The country group comprises all 30 IRTAD 
member countries except for Turkey which is not regarded as highly motorised. Thus, the 
group of the 29 countries largely corresponds to the HMC classification given in Figure 1 in 
chapter 3.1, supplemented by most of the Central and Eastern European countries being part 
of the EU-25 and the Republic of Korea (South Korea). 

The world proportions presented in Figure 3 indicate that, in the very beginning of the 21st 
century, the 29 HMC cover only 21% of the whole land area of the world and represent only 
15% of the world’s population. At the same time, these countries together produce more than 
the half (54%) of the World’s Gross Domestic Product (GDP), have almost the half (46%) of 
the world’s road network in length and own 61% of all passenger cars in the world. In spite of 
that, their proportion of the total number of road fatalities is only 13% and of pedestrian 
fatalities only 19%. These general proportions suggest that the average personal risk of a 
HMC inhabitant to get killed as pedestrian is slightly higher (1.3 : 1) than for an inhabitant of 
one of the other countries. The average risk of one passenger car to kill a pedestrian, however, 
is more than six times lower (1 : 6.7) in HMC than in other regions of the world. 
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Country 
or region USA Canada Europe* Japan South-

Korea 
Australia 
and NZ 

HMC 
group 

All other 
countries World 

Area 
(1000 sq km) 9,631 9,985 4,261 378 98 7,956 32,309 477,763 510,072

Population 
(million) 296 33 461 127 48 24 990 5,457 6,446

GDP 
(billion US-$) 11,750 1,023 11,978 3,745 925 704 30,125 25,375 55,500

Road network 
(1000 km) 6,383 1,409 4,950 1,177 92 902 14,914 17,645 32,558

Passenger 
cars (million) 130 14 209 53 9 12 428 272 700

Fatalities 42,643 2,930 46,529 8,492 7,212 2,082 109,888 740,112 850,000

Pedestrian 
fatalities 4,749 368 7,796 2,739 2,896 290 18,838 81,162 100,000

*) EU-25; without: Estonia, Latvia, Lithuania, Cyprus, Malta; plus: Iceland, Norway, Switzerland 
Sources of data: CIA (2005), IRTAD (2005), Eurostat (2003), Jacobs et al. (2000), Statistics New Zealand (2002) 

Table 1 – Values of different safety-related characteristics of selected HMC compared to the world 
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Figure 3 – Distribution of different safety-related characteristics of 29 selected HMC 

 

In the second step, the proportions within the group of the 29 HMC are compared. The 
question is how each country characteristic affects the last one, the pedestrian fatalities. It has 
to be pointed out that, due to the preselection according to the motorisation level, the country 
characteristics can be expected to show only a few minor variations.  
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An exception from that expectation is the land area: The land area does not seem to have any 
correlations with the fatality distribution. The distribution of the population complies better 
with the distribution of pedestrian fatalities but with a strong overrepresentation of Japan and 
South Korea.  

If opposing land area to population, the HMC split into two groups: The first group consists 
of the United States, Canada and Australia & New Zealand featuring a comparably low 
population density representing 35% of the population of the HMC group on 84% of the land 
area. The second group with high population density comprises the 23 European countries, 
Japan and South Korea. These countries host 65% of the population and even 71% of the 
pedestrian fatalities of the HMC group while they cover only 16% of the land area. Still, as 
South Korea generally holds a high rate of road fatalities and is assigned to the second group, 
there is no evidence yet that densely populated areas feature higher pedestrian fatality rates, 
i.e. more pedestrian fatalities per inhabitant, than less-densely populated areas. The 
correlation of urbanisation and pedestrian accidents will be discussed below and in chapter 
3.3.6. 

The distribution of the GDP is dominated by the USA at the expense of the proportions of all 
other HMC. Direct influences on the pedestrian fatalities are – as expected – not apparent. 
The length of the road network is mainly based on the area, the population as well as on the 
economic situation. Therefore, its proportions range between those of the prior characteristics. 
Compared to the pedestrian fatalities, the road network distribution shows a bias towards the 
land area distribution: The HMC which feature dense road networks have a relatively great 
proportion of pedestrian fatalities. 

The distribution of the passenger cars shows a strong similarity to the population. Again, 
Japan and particularly South Korea are heavily overrepresented concerning their pedestrian 
fatalities. The fatality distribution shows surprisingly distinct variations to the distribution of 
the pedestrian fatalities. While North America holds a comparably high fatality proportion but 
a quite low portion of pedestrian fatalities, Japans shows the converse. South Korea features 
both high proportions of fatalities and ever higher proportions of pedestrian fatalities. In 
Australia & New Zealand and the European countries, the proportions of fatalities correlate 
quite well with the proportions of pedestrian fatalities. 

Europe features a comparably weak performance concerning pedestrian fatalities. A possible 
reason for that could be that the group of the European countries comprise many new EU 
members which have not yet reached the standards of the economically leading countries. 
This heterogeneity of Europe suggests having a closer look on the European countries in the 
oncoming topics of investigation. 
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Based on IRTAD data, Figure 4 shows the proportion of pedestrian fatalities in all the road 
traffic fatalities for the years 1993 and 2003 respectively. Looking at the European countries, 
the first finding is that the proportions of pedestrian fatalities have gone down in all countries 
except for Italy. The present numbers for Turkey were unavailable.  

Proportion of pedestrian fatalities in all road traffic fatalities
in IRTAD member countries, 1993 and 2003
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Figure 4 – Proportion of pedestrian fatalities in all road traffic fatalities in IRTAD member countries, 
1993 and 2003 
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The statistics show that the proportions of pedestrian fatalities in almost all countries have 
decreased from 1993 to 2003. This is true for both the European countries as well as the few 
other – mostly highly motorised – countries being represented in IRTAD. However, within 
the European group and also between the European and the other countries, there are distinct 
differences in the proportions. While the differences have also decreased during the 10 years, 
some countries still have a much higher proportion than others. In some countries, the 
economical situation might be the reason for that phenomenon. But there are remarkably also 
some highly developed countries which have a considerably high proportion of pedestrian 
fatalities. Those are the United Kingdom and Ireland in Europe as well as South Korea, Japan 
and Australia in the rest of the world. What are the reasons for their increased proportions?  

As it will be shown in chapter 3.3.6, most pedestrian accidents occur in urban areas. With 
regard to this fact, the urbanisation level of a country, i.e. the proportion of the population 
living in urban areas, can be expected to have an influence on the proportion of pedestrian 
fatalities in all road traffic fatalities. Especially the highly-populated capitals or metropolises 
of Japan (Tokyo with over 35 million), South Korea (Seoul with over 10 million), the United 
Kingdom (London with over 7 million), Ireland (Dublin with 1.1 million which is almost 30% 
of the national population) and Australia (Sydney with over 4 million) seem to indicate high 
levels of urbanisation. However, according to a comprehensive study about urbanisation 
conducted by the United Nations (2004), the respective overall proportions of urban 
populations are partly significantly lower. As given in Table 2, Japan and Ireland have only 
relatively low percentages of urban population. Although the other countries like the United 
Kingdom have comparably high percentages of up to 90%, they are quite similar to the 
numbers of Germany or Sweden having much lower proportions of pedestrian fatalities. 
Because of that, a clear correlation between urbanisation and the proportions of pedestrian 
fatalities in all road accident fatalities can not be found. The urbanisation level can not explain 
the higher proportions of pedestrian accidents in several countries.  

Country 
or Region 

United 
Kingdom Germany Sweden Ireland South 

Korea Japan Australia New 
Zealand 

More Dev. 
Countries World 

Urban Pop. 
(1000) 52,790 72,676 7,400 2,368 38,305 83,540 18,152 3,327 869,442 3,043,935

Total Pop. 
(1000) 59,251 82,476 8,876 3,956 47,700 127,654 19,731 3,875 1,203,269 6,301,463

Percentage 
Urban 89.1% 88.1% 83.4% 59.9% 80.3% 65.4% 92.9% 85.9% 75.5% 48.3%

Rule of the 
Road Left Right Right Left Left Left Left Left   

Source of data: United Nations (2004) 

Table 2 – Urbanisation levels of selected countries 
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A possible reason could be the so-called rule of the road, i.e. the question whether road users 
generally use the right or the left side of the road (compare Wikipedia, 2006; search: “Rules 
of the road”). The left-hand traffic is primarily exercised by the United Kingdom and most of 
its former colonies. Among the countries in Figure 4, the United Kingdom, Ireland, Japan, 
South Korea, Australia and New Zealand drive left. Comparing these countries with other 
HMC on the same level of economical development, the left-hand driving countries show a 
significantly higher proportion of pedestrian fatalities – except for New Zealand. The absolute 
numbers of pedestrian fatalities provide the same picture. This suggests the assumption that 
left-hand traffic could negatively affect pedestrian safety. Since this finding is only based on a 
small quantity of left-hand driving countries, it is just an indication without a general 
verification. 

Besides, this result does not necessarily mean that left-hand traffic is inferior to the right-hand 
alternative. More probably, the phenomenon derives from the problem of two existing rules of 
the road, leading to problems for pedestrians who are used to the one but, due to tourism or 
working abroad etc., have to adapt to the other. They may have difficulties to behave in the 
correct way and may be more likely to get involved in pedestrian accidents. Most left-hand-
traffic countries welcome a considerable number of foreigners (from right-hand traffic 
countries) every year. The importance of the rule of the road for pedestrian risk is also pointed 
out in ATSB (2004, pp.207/236). From an Australian perspective, overseas-born pedestrians 
and international visitors were found to face an increased risk as pedestrians. 

In addition to fatal injuries, severe injuries are another burden to both the individual 
pedestrian and the whole society, especially since pedestrian accidents often produce 
irreversible handicaps to the accident victims. Because of this, a respective comparison of the 
corresponding figures would be of vital interest as well. Figure 5 shows however that data of 
this accident type is unfortunately not completely available in IRTAD.  

At least, the previous finding of the dependency of pedestrian safety on the economical level 
of development is supported by the few data records available: The Czech Republic and 
Portugal, for example, show considerably higher proportions of severely injured pedestrians 
than other higher developed countries like Germany, Spain or Canada. The influence of left-
hand traffic on pedestrian safety can not be clarified further due to missing data. 

While the last figures contained only comparisons of two single points in time, Figure 6ff. 
provide time series data for selected countries showing the chronological development of 
fatality numbers from the 1960s until today. Again, pedestrian fatalities are compared to total 
road fatalities. The graphs indicate how the selected countries have performed in the field of 
pedestrian safety during the last 40 years. 
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Proportion of severe pedestrian injuries in all severe road 
traffic injuries in IRTAD member countries, 1993 and 2003
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Figure 5 – Proportion of severe pedestrian injuries in all severe injuries in IRTAD member countries, 
1993 and 2003 
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Road Traffic Fatalities and Pedestrian Fatalities in Germany, 1965 to 2003
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Figure 6 – Time series of pedestrian fatalities compared to all road traffic fatalities in Germany 

Germany managed to reduce the pedestrian fatalities from a maximum 6,843 in 1970 down to 
812 in 2003 approximating a decrease of 88%. In the same time the total fatalities fell from 
21,653 to 6,613 corresponding to a decrease of 69% (Figure 6).  

Featuring several similar country characteristics and a comparable but delayed domestic 
automobile boom, Japan shows a much stronger re-rise of both pedestrian and total fatality 
numbers around 1990. The decreases were not as steady as in Germany, nor as intense: Total 
fatalities fell from 21,795 in 1970 to 8,492 in 2004, pedestrian fatalities from 7,721 to 2,609. 
That corresponds to decreases of 61% and 66% respectively. The graphs also show the 
comparably high proportion of pedestrian fatalities in Japan (Figure 7). 
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Figure 7 – Time series of pedestrian fatalities compared to all road traffic fatalities in Japan 
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Road Traffic Fatalities and Pedestrian Fatalities in Sweden, 1965 to 2003
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Figure 8 – Time series of pedestrian fatalities compared to all road traffic fatalities in Sweden 

After changing to right-hand traffic in 1967, Sweden’s fatality rates have been declining with 
an extensive reversal in the late 1980s and a smaller one in 2000. Sweden managed to reach a 
reduction of 60% in total fatality numbers from 1970 to 2003 and of 82% in pedestrian 
fatalities (Figure 8).  

Canada, the American counterpart of Sweden concerning the spatial distribution of their 
populations, had the maximum fatality numbers in 1973 with 1,304 pedestrians and 6,706 in 
total. The reductions until 2003 mount up to 71% and 59% respectively (Figure 9). Unlike 
the previous countries, Canada did not have a considerable increase of the fatality numbers 
around 1990. Since 1982, the graphs show almost linear decreases. 
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Figure 9 – Time series of pedestrian fatalities compared to all road traffic fatalities in Canada 
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The pedestrian fatality numbers of Australia were available only for 1980 and later. They fell 
from 644 in 1980 down to 232 in 2003, corresponding to a reduction of 64%. The total 
fatality numbers had their maximum of 3,798 in 1970, stayed on a high level until 1980 when 
they started to decrease until today, reaching 1,621 in 2003. The reduction from 1980 till 2003 
amounts to 50% (Figure 10). 

Road Traffic Fatalities and Pedestrian Fatalities in Australia, 1965 to 2003
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Figure 10 – Time series of pedestrian fatalities compared to all road traffic fatalities in Australia 

All five countries have in common that the maxima of road accident fatalities and pedestrian 
fatalities were around 1970 before the first oil crisis in 1973. From that time on, the numbers 
have been continuously falling with more or less strong temporary rises around 1990. These 
findings are also observable in Figure 11 with the United Kingdom and the United States 
replacing Australia due to unavailable data. Another graph is given in Figure 12 with the 
basis year 16 years later but additionally featuring Australia and South Korea. For South 
Korea, the continuous decrease started delayed after the maximum in 1991. The most recent 
development of the fatality numbers in the eight HMC show continuous decreases.  

Again, time series data for severe injuries were only partly available. Thus they are not 
illustrated here. According to the available numbers of Germany, Sweden, Australia and 
Canada, however, the numbers of severe injuries have unambiguously developed roughly 
along the lines of the fatality figures but have generally decreased at lower rates than the 
fatality numbers. The numbers of severe pedestrian injuries range from five times (Canada) to 
ten times (Germany) higher than fatal pedestrian injuries.  
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Development of Pedestrian Fatalities in Selected Countries in Percentages of 1970
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Figure 11 – Development of pedestrian fatalities in six selected HMC 
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Figure 12 – Development of pedestrian fatalities in South Korea and Australia and other selected HMC 
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While absolute numbers are clear and directly reflect the gist of the problem, the absolute 
fatality and injury numbers must also be considered in relation to other variables of influence. 
These are generally the population, the vehicle fleet and also certain measurements of the 
exposure like overall trip length of the corresponding road users. As the latter is only 
available for motor vehicles but could not be found for pedestrians, the most important 
measurement of exposure is missing. Only an overall comparison of different modes of 
transport has been found indicating that going by foot yields a higher risk per person km than 
cycling, driving a passenger car, going by bus or taking the train (Figure 13). Only 
motorcycles and mopeds have higher risk values. Except for the fact of an obviously inferior 
safety level of pedestrians, there is another reason for the comparably high risk level: Going 
by foot is the slowest of all the modes compared in the figure. In other words, the annual trip 
length of an average pedestrian is much shorter than that of any of the other groups. 
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Figure 13 – EU deaths per 100 million person km by mode of transport 

Thus, an interesting alternative exposure measurement is given in Figure 14: Passenger-travel 
time instead of travel distance. While the distance-exposure values confirm the values given 
before quite well, the time-exposure values show a different distribution. In this case, the 
strong discrepancies in travelling speed are avoided. Still, going by foot is again the 
second-most dangerous mode of transport. 
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Figure 14 – Deaths per 100 million passenger-kilometres versus passenger-travel hours in EU countries in 
2001/2002 (found in WHO, 2004, p.75; derived from Koornstra, 2003) 

Another totally different approach is the comparison of fatality rates, being based on the 
population (Figure 15). While several of the IRTAD countries still have comparably high 
pedestrian fatality rates of 3 per 100,000 and more, the best countries like the Netherlands and 
Sweden have reached fatality rates below 1 in 100,000. Germany and Australia have low risks 
as well. The total European risk level is higher but even exceeded by Japan and South Korea. 
The pedestrian fatality rates in Figure 15 are confirmed by other sources like Safety Net 
(2005b), ATSB (2000, p.2) or Breen (2002). 
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Pedestrian fatalities per 100,000 population in 2003
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Figure 15 – Pedestrian fatalities per 100,000 population for the IRTAD member countries in 2003 

The risk of one passenger car to get involved in a pedestrian accident with fatal outcome is 
presented in Figure 16. Again countries like Sweden, Germany and Australia manage to stay 
below 3 fatalities per 100,000 passenger cars while South Korea – primarily due to a still 
small vehicle fleet – shows numbers more than ten times higher. But also some Eastern or 
South European countries yield relatively high fatality risks. Again, this figure roughly 
corresponds to numbers found in Breen (2002) and ATSB (2000, p.3). 
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Pedestrian fatalities per 100,000 passenger cars in 2003
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Figure 16 – Pedestrian fatalities per 100,000 passenger cars for the IRTAD member countries in 2003 
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Taking the international numbers altogether, the statistics indicate that pedestrian fatality and 
injury accidents have decreased in the wide majority of highly developed countries. What are 
the reasons for that favourable trend? Many experts argue that one of the most important 
factors has been the improved traffic planning in built-up areas. In addition to that, the new 
aerodynamic car designs – with a low bumper, rounded bonnet edges and smooth surfaces – 
may also have contributed to the reduction of the severity of pedestrian injuries (Yang & Liu, 
1999, p.197). 

However, there are also voices which associate the last years’ downward trend in fatality 
numbers primarily with a decline in walking (Wittink, 2001). On that condition, the 
favourable decreasing trend may change in future since much effort is put to encourage 
people to travel by foot and to use public transport which again necessitates increased walking 
(ETSC, 1999, p.41). 

 

 

Another result of the international comparison is that exemplary performance in pedestrian 
safety can be found in several European countries as well as in Australia. Japan, still featuring 
a relatively high number of pedestrian accidents, has made considerable improvements in 
pedestrian safety in recent years. One example is the integration of pedestrian accidents in 
their Japanese New Car Assessment Programme (JNCAP). Corresponding counterparts have 
also been introduced in Australia (ANCAP) and Europe (EuroNCAP). These regions receive 
a special focus in the next subchapter dealing with a more detailed statistical analysis of 
accident causation. Within Europe, Sweden and Germany as two of the leading countries in 
pedestrian safety serve as the main representatives. 
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3.3 Differentiated scope on statistical figures 
The following statistics illustrate typical characteristics of pedestrian accidents divided by the 
criteria which have already been introduced for the classification of pedestrian accidents in 
chapter 2.2. 

The main purpose of a more detailed analysis of accident figures is to find starting points for 
countermeasures. Like a good medical therapy depends on a thorough and comprehensive 
diagnosis of the disease, the following subchapters shall illuminate the problem of pedestrian 
accidents from different perspectives. 

3.3.1 By accident causation 
As already introduced in chapter 2.2.1, every pedestrian accident can be ascribed to one or a 
combination of the three components human, vehicle and environment. It shall be pointed out 
that the two questions “Who is guilty of the accident?” and “Who caused the accident?” may 
be answered differently. 

Different studies about pedestrian accidents have shown that it is the pedestrian who is mainly 
to blame on the occurrence of the accident (Jones, 1980; Wolff, 1977; Steffens et al., 1991). 
Inattentiveness, inappropriate behaviour and their sudden appearance behind obstacles of 
vision are the most common causes of collisions with motorised vehicles (Jones, 1980, p.1; 
Wolff, 1977, p.11). This view is not rejected by pedestrians. Interviews of elderly pedestrians 
for example brought that 70% of the interviewees considered the pedestrian behaviour, only 
10% the driver’s, and 20% the environment as the main cause of pedestrian accidents 
(Steffens et al., 1991).   

However, the pedestrian seldom represents the one and only cause for the accident. Unsafe 
situations are rather generated by a combination of behavioural, technical and environmental 
conditions (Svensson, 1996, p.27). This is supported by the fact that many unsafe situations 
are absorbed by the good performance of other factors, for example the attentiveness and 
sudden reaction of the driver accompanied by a functioning Antilock Brake System (ABS) 
and tires in faultless condition. 

On the other hand, even accidents which are clearly related to human error could probably 
have been prevented if the vehicle or the environment had provided a higher level of safety. 
Altogether it is always a normative questions whom to blame, depending on the questions 
which expectations are directed towards the pedestrian or the driver. 
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3.3.2 By pedestrians’ characteristics 
As the accident causation showed, in most pedestrian accidents, the human error and in 
particular the pedestrian is the main cause for the accident. All the more, the pedestrian 
characteristics play an important role for the investigation of pedestrian accidents. From all 
the pedestrian characteristics which could – albeit only indirectly – affect the occurrence of 
pedestrian accidents, only the most important can be presented within the frame of this thesis. 
The following list of pedestrian characteristics is hence not exhaustive but only exemplary. 

Pedestrian age is both a crucial factor and easily ascertainable. Figure 17 shows the age 
distributions of fatal and severe pedestrian accidents in Germany from 1991 until 2001 
indicating that that two different age groups bear increased risks: Children and elderly 
pedestrian. While children (age: 0-17 years) have an extraordinarily high portion of severe 
injuries, the elderly (over 65 years) represent almost fifty percent in fatal accidents. 

Age distribution of fatalities 
in Germany, 1991-2001  Age distribution of severe injuries 

in Germany, 1991-2001 

Source of data: Destatis, 2002 

Figure 17 – Age distributions of fatalities and severe injuries of pedestrians in Germany, 1991-2001 

Similar distributions can be observed for the 14 other EU-15 countries (Safety Net, 2005a; 
Safety Net, 2005b, p.4; SIKA, 2004, p.49/51; all three sources contain only fatality numbers), 
separately for the United Kingdom (DETR, 1999, p.6), for Japan (ITARDA, 2004) and for 
Canada (Transport Canada, 2004, p.3). Furthermore, the same phenomenon already existed 
for data from the beginning 1970s. Wolff (1977, p.14) analysed data of German pedestrian 
accidents from 1970 until 1975. His results are qualitatively similar to the recent accident 
figures. Wolff also found that the children group with the highest fatality numbers were the 6- 
and 7-year-olds, the age at which children in Germany have just started school. 
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Deviations from the age distributions found in the previous sources are provided by 
Australian fatality rates which are shown in Table 3. Especially the rates for young adults 18-
24 years) are 2.5 times higher than the OECD median. The rate of older adults (25-64 years) 
is also 1.4 times higher than the reference value. The reason for this deviation could be the 
rule of the road, as already discussed in chapter 3.2. Australia is a left driving country. 
Tourists and other visitors coming from right driving countries could have problems to adapt 
to the changed traffic rule. The basis for this assumption is that tourists and foreign workers 
by the majority belong to the younger adult group. Besides it can be expected that especially 
tourists have an increased level of exposure, as they generally explore foreign cities on foot. 

Other sources of left driving countries like DETR (1999) for the United Kingdom and 
ITARDA (2004) for Japan use unlike class limits for the age classification and can not 
significantly support the phenomenon found for Australia. 

Australian pedestrian fatalities per 100,000 population 
for different age groups, 1997 

Age (years) Australian fatalities OECD median

0 – 5 1.03 0.89

6 – 17 0.92 1.06

18 – 24 2.49 0.96

25 – 64 1.44 1.05

65+ 4.32 4.42

All ages 1.78 1.68

Source of data: ATSB (2000, p.3); based on IRTAD 

Table 3 – Increased fatality rates of young adult pedestrians in Australia 

Another easily ascertainable characteristic is the gender of the pedestrian. Significant 
differences become apparent if gender is combined with the age characteristic. Figure 18 
shows the pedestrian fatality and injury risks for Japan in 2002. While for child pedestrians, 
the male population show distinctly higher risks than the female population, this relationship 
is reversed for the elderly. The latter is obviously related to the increased life-expectancy of 
women in Japan.  

Canadian statistics containing absolute fatality and injury numbers support the findings of 
Japan. The Canadian figures show that male pedestrian have higher fatality numbers than the 
female population throughout all age groups. The female pedestrians however are generally 
more often involved in non-fatal accidents, except for the less-than-10-year-olds and young 
adults (Transport Canada, 2004, p.4). 
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Figure 18 – Pedestrian deaths (top) and injuries (bottom) per 100,000 population by age and sex for Japan 
in 2002 (ITARDA, 2004) 

Supplementary to the unchangeable characteristics like age and gender previously introduced, 
the behaviour of pedestrians plays a key role for their safety when entering traffic. Within 
their spectrum of physical, mental and sensory abilities, pedestrians bear the responsibility to 
avoid extra risks when participating in traffic. A typical example of such an extra risk is drug 
abuse, with the alcoholic excess as its most common variant. 

Figure 19 and Figure 20 show examples from North America. Both the US-American and 
the Canadian numbers show that alcohol was involved in almost every second fatal pedestrian 
accident. The Canadian numbers also indicate that the majority of alcoholised pedestrians 
being killed in road accidents had even rather high blood alcohol concentrations. The numbers 
cover a time window from 1992 to 2001 showing a rather constant trend of alcohol 
involvement in fatal pedestrian accidents. 
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Figure 19 – Fatalities in motor vehicle crashes by number of vehicles and alcohol involvement 2002 (BTS, 
2004, p.6) 
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Figure 20 – Percentages of Canadian fatally injured pedestrians who had been drinking 
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3.3.3 By accident opponents 
Statistics about the opponents of pedestrians in pedestrian accidents normally leave out single 
accidents as mentioned in chapter 3.1. Opponents like other pedestrians or animals are often 
also neglected. One of the rare exceptions are the Official Statistics of Sweden provided by 
the Swedish Institute for Transport and Communication Analysis (SIKA). The data for the pie 
charts in Figure 21f. are taken from this source. While the vast majority of pedestrian 
accidents resulting in personal injuries occur without any opponent (“Single”), the picture 
considerably changes for severe injuries. Here, the motor vehicles, especially passenger cars 
cause the majority of severely injured pedestrians.  

Opponents of the pedestrians in Swedish pedestrian accidents in 2003
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Figure 21 – Opponents of the pedestrians in Swedish pedestrian accidents in 2003 with personal injuries 

 

Opponents of the pedestrians in Swedish pedestrian accidents in 2003
with severe personal injuries (ISS>16)
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Figure 22 – Opponents of the pedestrians in Swedish pedestrian accidents in 2003 with severe personal 
injuries (ISS > 16) 
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It can be assumed that the high number of single pedestrian accidents base on the high 
proportion of elderly pedestrian who, particularly during winter time, are more likely to fall 
on the pavements and get injured without extraneous cause. While these accidents are mostly 
not life-threatening, the pedestrian accidents caused by motor vehicles obviously are (Figure 
22). The statistics show that the accidents involving passenger cars caused the most severely 
injured or killed pedestrians.  

This finding is supported by Yang & Liu (1999, p.198) who point out that most frequently 
passenger cars are involved in vehicle pedestrian-accidents (60% - 80% in the EU), followed 
by buses and lorries. The German In-Depth Accident Study (GIDAS) showed that in 77% of 
the cases the accident opponent was a passenger car (Koch et al., 2002, p.285).  

Since the passenger car is the most important opponent for pedestrians, it seems sensible to 
have a closer look on its characteristics. Except for the velocity of the vehicle, which will be 
discussed later, and its mass, the outer design is crucial for the severity of an accident, since 
the pedestrian gets in contact with the outside of the car. Chapter 4 will show that especially 
the design of the car front is decisive in most of the pedestrian-to-passenger car collisions. 

As the design of the car front changes with the year of registration, the average age of 
passenger cars is another important factor for pedestrian safety. While the average of the EU-
15 countries lies at approximately 7.5 years, significant deviations are observed. Rather young 
car fleets in Ireland and the United Kingdom (both around five years) or Germany (seven 
years) contrast to older ones, for example in Sweden and Finland with nine and ten years 
respectively (Eurostat, 2004b, p.155). Figure 23 illustrates these numbers for selected EU-15 
countries. The figures of further European countries can be found in Eurostat (2004b).  

Another problem concerning the front of passenger cars is the trend to equip cars with front 
protection bars, also called bull-bars. They bear a preposterous name as they do not provide 
protection but an additional risk for vulnerable road user, particularly for pedestrians. Zellmer 
& Schmid (1995) estimated that 1.1% of all passenger cars in Germany are all-terrain vehicles 
and that around two thirds of them are equipped with a front protection bar, with heavily 
increasing trend. That means that around one in one thousand cars carry a special danger for 
pedestrians in Germany. While all-terrain vehicles are less often involved in accidents with 
Vulnerable Road Users (VRU) than other passenger cars, they impose an increased danger to 
receive fatal or severe injuries on pedestrians. Besides they seem to present a special risk for 
young and elderly pedestrians: One third of all injured pedestrians in all-terrain-vehicle 
accidents were children, every fourth was a pedestrian older than 64 years (Zellmer & 
Schmid, 1995, p. 15). Another study of Zellmer (1995) showed that an all-terrain vehicle 
equipped with a bull-bar and running with 20 km/h exerts the same strain to a child’s head as 
a normal passenger car at 40 km/h. Numbers and examples from Australia support the 
negative effects of bull-bars on pedestrians (Pedestrian Council of Australia, 2005). 
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Estimated Average Age of Passenger Cars 
in Selected European Countries
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Figure 23 – Development of vehicle age in selected EU-15 countries 
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3.3.4 By accident constellation 
The locations and directions of both the pedestrian and the opponent constitute the accident 
constellation. The constellation determines which regions of the body are affected the most 
and plays an important role for the accident kinematics. 

The first criterion is the pedestrian’s posture in the moment of the collision. According to 
Table 4, walking and running are by far the most frequent occurrences among a variety of 
many different alternatives. In other words, more than 90% of all pedestrian accidents the 
pedestrian is hit in an upright position. 

 

Pedestrian posture and velocity (according to a study in Zurich, n=512; Gaegauf et al., 1981) 

Standing Walking Running Lying Other 

     

5.3% 63.7% 25.0% 0.5% 5.5% 

Table 4 – Distribution of pedestrian posture and velocity 

 

Normally, accident statistics do not analyse the posture but the pedestrian’s activity in the 
moment of the collision or basically the accident circumstances. Both, however, allow 
inferences on the posture. Japanese pedestrian accident statistics show that more than 50% of 
all pedestrians of all age groups get injured in the accident circumstance of crossing the street 
(Figure 24).  

The finding that crossing the street is the typical circumstance of pedestrian accidents can 
already be found in Wolff (1977, p.11) and Böhm (1966, p.23). Wolff (1977, p.12) adds that, 
already around 1970, the accident figures from European countries and the USA indicated 
that most pedestrian accidents happen with the pedestrian just entering the street. This result 
implies that the lateral collision is the most common type of pedestrian accident.  

In Australia, where left-driving is the rule of the road, the dominating constellation in 
pedestrian accidents is that the pedestrian is hit in his right side by the near side of the vehicle 
(Figure 25). 
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Accident casualties by circumstance and age group in Japan, 2001-2003 

 

Source of data: ITARDA (2004) 

Figure 24 – Distribution of pedestrian activity at the time of the accident versus pedestrian age 
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Figure 25 – Pedestrian accidents by accident type in Australia, 1997 
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Figure 26 shows pedestrian casualty rates in the United Kingdom focusing on the location of 
the accident. Again, the vast majority of accidents are – due to crossing pedestrians – 
normally implying a lateral strike. 

Pedestrian casualty rates by location in the United Kingdom
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Figure 26 – Pedestrian casualty rates by location 

In correspondence to the finding that most pedestrians are hit from the side, the most affected 
side of the car is the car front. A first collision with the car front occurs in about 80% of all 
cases (Yang & Liu, 1999, p.198; Ashton & Mackay, 1983, p.120). 

Lawrence et al. (2004) examined for pedestrian accidents in Great Britain for 1997-2001, how 
many pedestrians were hit by passenger cars and how many by car fronts. The results are 
shown in Table 5. 

Proportions of pedestrians by severity that were hit by cars and car 
fronts in Great Britain, 1997-2001 

 Fatal Serious Slight 

Proportions hit by cars 0.71 0.83 0.84 

Proportions hit by car fronts 0.60 0.56 0.50 

Source of data: Lawrence et al. (2004, p.185) 

Table 5 – Proportions of pedestrians by severity that were hit by cars and car fronts 

The dominance of the car front as most frequent hit area is underlined by a Canadian statistics 
on pedestrian accident and vehicle manoeuvre (Figure 27). In 57% of all pedestrian injuries 
and in 80% of all pedestrian fatalities, the vehicle was going straight. The diagram also shows 
that accidents involving a reversing or starting/stopping vehicle are seldom but often fatal. 
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Pedestrian fatalities by vehicle 
manoeuvre, 1992-2001 average  Pedestrian injuries by vehicle 

manoeuvre, 1992-2001 average 
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Figure 27 – Distribution of fatalities and injuries versus vehicle manoeuvre in Canada, 1992-2001 

The previous findings correspond to a rather old German statistic on the positions of the first 
contact at the vehicle and the pedestrian (Figure 28): 40% of all collision occurred as a full 
strike with the middle of the car front, 57% as a partial strike at the front corners, only 3% 
affected the sides of the vehicle. Accordingly, the pedestrian was mainly hit laterally. The 
combination right side of the car versus left side of the pedestrian was slightly more frequent 
caused by the right-driving rule in Germany. 

 

 
Figure 28 – Frequency of positions of first contact at the vehicle and the pedestrian (according to Stürtz et 
al., 1976; n=150)   

The severity of the constellation is best indicated by the accident velocities which are 
described in the next chapter. 
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3.3.5 By accident velocities 
The velocities of both the opponent and the pedestrian in the moment of the collision are the 
most important criteria for the severity of the pedestrian accident. As illustrated in Figure 29, 
the vast majority of pedestrian accidents – almost 95% - occur at impact speeds lower than 
50 km/h (Yang & Liu, 1999, p.198; based on Ashton, 1982). The figure shows that pedestrian 
accidents with collision velocities less than 25 km/h usually lead to minor injuries only. 
Serious injuries are mainly observed for velocities between 25 km/h and 55 km/h. Collision 
velocities greater than 55 km/h mostly result in fatal injuries. 

Distribution of pedestrian casualties depending on collision velocity
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Figure 29 – Distribution of pedestrian casualties depending on collision velocity 

 

Similar results are provided by Figure 30 displaying the influence of collision velocity on the 
frequency of accident victims for two different road types. The statistical numbers from Japan 
prove a significant correlation of collision velocity and accident severity. 

 

This finding is also supported by Figure 31 presenting the cumulative frequencies of 
pedestrian fatalities versus collision velocity. For example, depending on the underlying 
study, a collision velocity of 50 km/h corresponds with a fatality portion of 40%, 60% or 80% 
respectively. 
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Figure 30 – Distribution of accident victims by collision velocity and road type in Japan, 2001-2003 



 45

Cumulative frequency of pedestrian fatalities versus collision velocity
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Figure 31 – Cumulative frequency of pedestrian fatalities versus collision velocity 

 

Svensson (1996, p.28) points out that, except for the influence of speed (at the time of impact) 
on the severity of a pedestrian accident, speed is also crucial for the accident risk, i.e. 
probability of an accident to take place at all. 
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3.3.6 By environmental characteristics 
In spite of the great quantity of physical and non-physical factors which all constitute the 
accident environment, the following charts can only provide a few examples of statistics 
containing environmental characteristics.  

The first example is the street environment, i.e. whether the street is surrounded by a 
housing area or not. Figure 32 shows a rather constant trend of the distribution of pedestrian 
accidents on rural and built-up areas in Sweden for a 19-year time period. About 80% of the 
pedestrian accidents in Sweden occurred in built-up areas. 

Pedestrian accidents by traffic environment in Sweden, 1985 - 2003
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Figure 32 – Pedestrian accidents by traffic environment in Sweden, 1985-2003 

While the absolute accident numbers for urban traffic are extraordinary high, the portion of 
severe and fatal accidents is lower in urban areas than in rural or on motorways. This is 
demonstrated by Figure 33 showing the distribution of pedestrian injuries in Germany. 
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Figure 33 – Pedestrian injuries in Germany by road type 
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Analysing the results of several prior studies, a very early German study (Wolff, 1977) 
already finds that the pedestrian accident is mainly a problem of urban traffic. Steffens et al. 
(1991) points out that about 70% of all fatal pedestrian accidents and about 90% of all injury 
pedestrian accidents occur in urban areas. These proportions are even higher for elderly 
pedestrians (ibid). Similar findings are provided for Hungary by Holló et al. (1996, p.6) and 
Germany by Koch et al. (2002, p.285). 

One example for environmental impacts are the weather conditions of the pedestrian 
accident, in particular the question whether the accident scene is rainy or not. According to 
ITARDA (2001), the number of fatalities per hour during rainfall is slightly higher than in dry 
conditions (0.31 compared to 0.275). This is all the more amazing as, during rainfall, 
pedestrians can be expected to take part in traffic less often than during dry weather 
conditions. 

While the last two examples referred to the location of the accident, the following examples 
belong to environmental characteristics depending on time. One example is the annual 
distribution of pedestrian accidents, for instance classified by the quarter of the year. The 
European statistics of pedestrian fatalities in Figure 34 show for several countries that 
quarters containing autumn or especially winter months feature more fatalities than the second 
quarter. 

Quarterly distribution of pedestrian fatalities in 13 EU countries, 2002

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

Total Italy Spain United
Kingdom

France Greece Portugal Belgium Austria Nether-
lands

Ireland Finland Sweden Denmark

Jan - Mar Apr - Jun Jul - Sep Oct - Dec
Countries are sorted by pedestrian fatality number.
Source of data: Safety Net (2005b, p.6); from CARE database, 2004

Total

 
Figure 34 – Quarterly distribution of pedestrian fatalities in 13 EU countries, 2002 

The increased fatality numbers during winter is supported by Figure 35. The figure illustrates 
that the increased numbers can be ascribe to adult pedestrians who have a significantly 
increased risk during the beginning and the end of the year. 
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In addition to that, due to the road conditions, the winter time is especially dangerous for 
elderly pedestrians, in particular November and December (Thomae & Mathey, 1972, p.53). 
Böhm (1966, p.26) adds to this finding that the accident rates of elderly pedestrians are 
significantly higher during the five months between October and February. 
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Figure 35 – Pedestrian casualty rates by month of accident 
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Figure 36 – Weekday distribution of pedestrian fatalities in 13 EU countries, 2002 
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The weekly distribution of pedestrian fatalities in 13 countries of the EU suggests an 
increased risk for pedestrians on Fridays while the lowest risk can be expected on Mondays 
(Figure 36). The distribution of fatalities in 14 EU countries on the hours of the day features a 
smaller peak at about 10 a.m. and 11 a.m. and a greater peak at about 6 p.m. and 7 p.m. 
(Figure 37). The fatality distribution in Great Britain is similar, the peaks however occur 
already at 8 a.m. and 3 p.m. respectively. In addition to that, the peaks are mainly caused by 
the group of child pedestrians (Figure 38). 
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Figure 37 – Fatalities by hour of the day in 14 EU countries, 1993 and 2002 
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Figure 38 – Pedestrian casualties by hour of the day in Great Britain 
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Recent numbers from Japan (ITARDA, 2004) show that most of the children casualties occur 
while playing, going to or coming from school. Accidents while playing peak in the afternoon 
hours between 2 p.m. and 6 p.m. whereas the school trip accidents primarily take place in the 
morning between 7 a.m. and 9 a.m. as well as less numerously between 3 p.m. and 7 p.m. 

Finally, one example of an indirect non-physical environment characteristic is traffic density. 
Ekman (1996) conducted a study about the influence of the density of traffic on conflict rates: 
While the conflict rate for pedestrians is largely unaffected by pedestrian flow, the car flow is 
positively correlated with the conflict rate for pedestrians. The relationship however is not 
linear but resembles a “step-function”, i.e. with a strong increase of pedestrian conflict at a 
certain value of car flow. In addition to that Ekman (1996, p.42) highlights that zebra 
markings are likely to increase the conflict rate for locations with low pedestrian flow, 
independently from car flow. The contrary effect was examined for additional refuges, 
decreasing the conflict rate, at a rate larger than the increase of the zebra marking. 
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3.4 Pedestrian safety issues in Developing Countries 
As already illustrated in chapter 3.1., the level of pedestrian safety in developing countries 
can not be compared with the one in HMC. According to that, the findings from accident 
statistics of HMC may not be assumed to be valid for developing countries as well (Mohan & 
Tiwari, 2000, p.155). The following shall give a rough outline of the situation in developing 
countries. A more detailed statistical analysis lies beyond the scope of this thesis. 

The importance of the issue is documented by Figure 39 showing the distribution of the 
world population in 1960 and 2002 respectively.  

World population according to world regions, 1960 and 2002
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Figure 39 – World population according to world regions, 1960 and 2002 
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Figure 40 – Urban and rural populations of more and less developed regions, 1950-2030 
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While 1960 already on a high level, the proportion of the population living in Less Developed 
Countries (LDC) has increased to more than 80% in 2002. At the same time the urban 
population has grown at much faster pace than the rural in LDC. In 2030 the urban population 
of LDC will nearly have doubled from today around 2 billion to 4 billion people (Figure 40). 
The forecast on the population development is supported by another study of the United 
Nations about the levels of urbanisation of the world’s population (United Nations, 2004, 
p.3). In addition to that, the increased risk for pedestrians in urban areas to get involved in an 
accident, as presented in chapter 3.3.6, can be assumed to be valid for LDC as well. 
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Figure 41 – Global distribution of motor vehicles, 1999 

Global distribution of all road fatalities, 1999
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Figure 42 – Global distribution of all road fatalities, 1999 
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The WHO prospects for 2020 road traffic accidents in general to be the 3rd biggest killer, and 
even the 2nd biggest killer for the 5-14-year-olds and the 15-29-year-olds (Murray & Lopez, 
1996; WHO, 2004, p.4f.). This development is mostly caused by the developing countries as a 
comparison of the global distribution of vehicles (Figure 41) and the global distribution of all 
road fatalities, i.e. not only pedestrian fatalities, (Figure 42) shows: The LMC6 hold only 40% 
of all vehicles but more than 80% of all road fatalities. If the percentages of pedestrian 
fatalities in all road fatalities for LMC are assumed to be at least as high as for HMC, the wide 
majority of all pedestrian fatalities worldwide, i.e. over 80%, would occur in LMC. In 
addition to that, the WHO (2004, p.10) points out that pedestrians and cyclists represent large 
proportions of the crash victims in low-income and middle-income countries. The same 
source adds that VRUs mainly bear the disadvantages of motorisation “in terms of injury, 
pollution and separation of communities” (ibid.). 

The LDC show great variations in size (populations from less than one million to more than 
one billion), religion, cultural practice and form of government. Still, these factors do not 
seem to have a significant effect on the road safety situation which is undesirable in all LDC 
in spite of their great variety (Mohan & Tiwari, 2000, p.155). The average vehicle populations 
in LDC are expected to keep on going up. However, unlike the earlier development in HMC, 
this trend may not come along with a considerable decrease in non-motorised traffic, as a 
considerable portion of the population will still be too poor to afford motor vehicles. In other 
words, the unequal mix of pedestrians and motorised vehicles on one single road can be 
expected to persist. 

In spite of the importance of pedestrian safety or road safety in general it is still almost 
impossible to make accurate reports about road fatality numbers in developing countries, the 
situation with statistics of severe injuries being even worse. Particularly some of the least 
developing countries (LLDC) do not provide reliable statistics (Mohan & Tiwari, 2000). This 
makes interpretations and comparisons with other countries doubtful. On the other hand, some 
road safety characteristics can clearly be derived from the available traffic statistics. A 
selection is given in the following: 

- In China, about 19,000 pedestrian were killed in 1996 (TAPSM, 1997; found in Yang, 
2000, p.93). 

- Sayer & Palmer (1997, p.2) provide percentages of pedestrian deaths or injuries in 
developing countries and cities. Except for Indonesia and West Malaysia, all countries 
feature pedestrian portions of at least one third, e.g. 84% in Ethiopia, 55% in Kuwait, 
47% in Jordan and 40% in Zambia. Except for the city of Surabaya, all cities feature 
relatively high pedestrian portions, e.g. 70% in Bombay, 48% in Karachi and 42% in 
Nairobi. 

                                                 
6 As shown in Figure 2, the terms LMC and LDC are closely correlated. 
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- Yang & Liu (1999, p.198) found that the percentages of pedestrian fatalities in all road 
fatalities varies widely between both the HMC and the LMC. Generally, however, the 
proportion of pedestrian fatalities to all killed road users is much higher in the LMC 
than in the HMC. 

- WHO (2004, p,42) provides pedestrian proportions which are smaller than the older 
ones by Sayer & Palmer (1997), e.g. about 43% in Delhi, India, about 38% in 
Colombo, Sri Lanka, about 33% in Bandung, Indonesia but only about 15% in 
Malaysia and 10% in Thailand. 

- In India’s capital New Delhi, the streets are heavily crowded by a complex mix of 
different road users. In 2003 almost every second road traffic fatality was a pedestrian 
fatality (Erickson, 2004).  

- In the urban Singapore, pedestrians represented 23.2% of the 194 total fatalities in 
2004 which was a decrease from 30.2% in 2003. Almost 50% of all pedestrian 
fatalities involved elderly pedestrians of 60 years or older (Singapore Police Force, 
2006) 

- In the urban Riyadh in Saudi Arabia, women involved in pedestrian accidents 
accounted for only 19% of the sample but, due to their underrepresentation in the city 
of Riyadh, bore a 50% higher fatality rate. Pedestrian accidents were more likely 
during the night compared to all traffic accidents. Visibility seems to be a major 
reason for pedestrian accidents since weak lighting conditions were reported in about 
35% of the cases. Another interesting aspect is that women often wear black clothing 
due to cultural reasons which makes them particularly accident-prone in weak lighting 
conditions. Discipline in crossing roads is examined to be poor (Al-Ghamdi, 2002). 

- Young and old age groups are at higher risk of being involved in pedestrian vehicle 
crashes (Yang, 2000, p. 93) 

- Divided roadways with fairly high posted speeds and residential streets are the most 
likely locations (ibid.). 

- Pedestrians and drivers bear the responsibility equally for being involved in pedestrian 
accidents (ibid.). 

- Not paying attention and crossing a roadway either not in a crosswalk or where no 
crosswalk exists are the most common causes (ibid.). 

- Many drivers do not respect the right-of-way of pedestrians (ibid.). 

- Important reasons for the problems with pedestrian accidents in LDC are the lacking 
separation of different types of road users as well as the separation of residents by 
high velocity streets (Mohan & Tiwari, 2000, p.157). 
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3.5 Summary of statistical findings 
Statistical analysis of pedestrian accidents is still hampered by problems with accuracy, 
completeness, validity, timeliness, coverage and accessibility of accident data. Data quality 
is a particular problem in developing countries. In HMC, different practices and definitions 
still complicate international comparisons and thorough analyses. Examples are the lacking 
registration of single pedestrian accidents and the insufficient compilation of relevant vehicle 
equipment like front protection bars. 

According to the finding that the economic performance of a country is closely correlated to 
the motorisation level, developing countries are normally also less motorised. While the risk 
of a pedestrian to get killed in an accident is almost equal in HMC and developing countries, 
the risk for a car driver to kill a pedestrian is more than six times higher in developing 
countries than in HMC. 

The comparison of different HMC shows that both the urbanisation level and the rule of the 
road could influence fatality numbers. Yet, neither of them can be confirmed sufficiently. A 
time series analysis illustrates decreasing pedestrian fatality numbers for all HMC within the 
last decades. Still, even in HMC, the risk for pedestrians to get killed in traffic is still 
relatively high and only succeeded by motorised two-wheelers. The distribution of fatality 
risk and fatality rate within the HMC group varies strongly; the best performing countries 
featuring numbers ten times lower than the worst ones. 

The main results of the differentiated scope on accident statistics with a focus on the top 
performing HMC are the following: Most pedestrian accidents are caused by multiple factors. 
The main risk groups are children (high accident risk) and the elderly (high fatality risk). 
Male pedestrians bear a higher risk to get injured or killed in an accident than women. Almost 
every second pedestrian fatality involves alcohol abuse by the pedestrian. Leaving out single 
accidents, at least 75% of all pedestrians are struck by a passenger car. Vehicle age and front 
protection bars influence the accident outcome. More than 80% of all pedestrian are hit when 
walking or running, the majority laterally when trying to cross a street. Collision velocity is 
the most important factor in pedestrian accidents. Velocities over 40 km/h are mostly fatal, 
50 km/h and more are virtually not survivable. The majority of pedestrian accident occurs in 
urban areas while rural accidents are extraordinarily severe. More accidents occur during 
unfavourable weather and lighting conditions (rain, night) and during autumn and winter. 
While fewer accidents take place on Mondays, the majority happens on Fridays. During the 
day, the main peak is at six o’clock in the evening. As the majority of pedestrian accidents 
occurs by head-on collisions with passenger cars, this accident type is examined in the next 
chapter. 

The situation in developing countries is characterised by growing population, growing 
urbanisation and variably fast growing motorisation. The wide majority of worldwide 
pedestrian fatalities occur in developing countries. 
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4 HEAD-ON PASSENGER CAR-TO-PEDESTRIAN COLLISIONS 
Among other findings, the accident statistics in the last chapter have shown that the major 
proportion of pedestrian accidents with severe or fatal injuries result from head-on collisions 
with passenger cars, i.e. pedestrians are struck by the front of a passenger car. With regard to 
their importance for pedestrian safety, this chapter exclusively concentrates on the accident 
dynamics and consequences of Head-on Passenger car-to-Pedestrian Collisions (HPPCs). 

The decisive aspects of HPPCs are the accident kinematics as well as the pedestrian’s injury 
pattern. One has to analyse both aspects to draw conclusions about suitable countermeasures 
which promise to mitigate accident consequences. As a matter of fact, both aspects are closely 
related: The injury pattern strongly depends on the accident kinematics. Because of that, it 
may seem unfavourable to separate both aspects in single subchapters. However, as the 
injuries are virtually the consecution of the kinematics and due to reasons of lucidity, one 
aspect is discussed separately after the other. 

4.1 Accident kinematics 
The kinematics, i.e. the rules for the course of motions, of HPPCs depends on the pedestrian’s 
physical nature, the outside of the vehicle, the road surface and the collision velocity. 

The relevance of the velocity for pedestrian accidents in general has already been discussed in 
chapter 3.3.5. The collision velocity can be understood in two different ways. Firstly, it could 
be considered as the velocity of the vehicle in the moment of the first collision with the 
pedestrian. Secondly, it could be understood as the relative velocity between the pedestrian’s 
centre of gravity and the vehicle in the moment of the first collision. Figure 43 shows the 
difference of both alternatives. While the second approach represents the physically more 
precise one and would include the movement of the pedestrian, the first approach is easier to 
determine and also the one used in accident reconstruction. For most HPPCs, the difference of 
the two approaches is negligible, since the velocity of the vehicle is significantly higher than 
the pedestrian’s. In the following, the collision velocity is considered as the velocity of the 
vehicle only. 

 
Figure 43 – Alternative perceptions of the term “collision velocity” 
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The collision velocity determines the impulse and the energy being transformed and 
transferred through the collision. With regard to HPPCs, the effect of the velocity can be 
observed by the throwing distance, i.e. the distance between the point of the first collision and 
the pedestrian’s final rest position. The functional dependency between collision velocity and 
throwing distance is shown in Figure 44. It is generally validated by the findings of Fugger et 
al. (2000) who provide a comprehensive analysis of this relation. 

 
Figure 44 – Boundaries for the relation between throwing distance and collision velocity 

But it is not only the velocity determining the kinematics of a HPPC. As initially mentioned, 
the shapes and conditions of the pedestrian, the vehicle and the road surface constitute further 
determinants. For the prediction of the kinematics, the pedestrian’s physical appearance is 
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certainly as important as the design of the vehicle. The problem is the great heterogeneity of 
pedestrians. They appear in different sizes, girths and postures. Their movements normally 
feature extreme flexibility and numerous degrees of freedom in comparison to other road 
users. This increases the complexity of HPPCs (Yang & Liu, 1999, p.205). However, the 
heterogeneity of the pedestrian has to be taken as exogenously determined. Safety-orientated 
design is feasible only for the road surface and, in particular, for the vehicle. Therefore, 
vehicle and road design have to accommodate to the various forms of appearance of 
pedestrians. 

The relevance of road design is based on its manifold indirect influences on the occurrence 
and injury severity of HPPCs. Road design may provide essential safety features like good 
visibility and sufficient drainage avoiding the collision altogether. Additionally, the condition 
of the road surface, e.g. road grip, restricts the possibilities of car and driver to circumvent or 
mitigate a collision. For the analysis of the HPPC kinematics however, road design is only of 
minor importance since it is both of higher uniformity than the vehicle and only important in 
the later phase of the accident. That leaves the vehicle as the most important object: The 
vehicle design plays a crucial role for the course of motions of the collision and is in the 
highest degree modifiable. 

Naturally, the components of the car front are of special importance in HPPCs. They 
comprehend the spoiler, the bumper, the bonnet and the windscreen (Figure 45). Due to its 
importance as a reference line for the vehicle components, the ground is also part of the 
figure.  

ground
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bumper
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bumper 
height

bonnet 
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Figure 45 – Most important components and measurements of the vehicle front 
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In addition to the illustrated components, the sequences of events of some HPPCs also 
involve the roof, the rear end, the wings or the sides of the vehicle. Because these cases are 
rather exceptional, the corresponding components are not shown in the figure. 

On the one hand, single specific measurements and properties of the components are decisive 
for the kinematics. These are especially the bumper height, the bonnet height and length as 
well as the stiffness of the front components. On the other hand, the front shape as a whole, 
which derives from the dimensions of the single components, determines the course of 
motions during the collisions (compare Yang & Liu, 1999, p.198). 

With regard to these factors, a typical HPPC involving a grown-up pedestrian proceeds like 
that: The bumper hits the leg or knee-joint area (first contact). The thigh contacts the bonnet 
leading edge. The legs are accelerated forwards, and the upper part of the body is rotated 
towards the vehicle. The pelvis impacts onto the bonnet edge. The chest contacts the upper 
part of the bonnet. The head may hit the bonnet or windscreen. The impact velocity of the 
head can be estimated as ratios of 0.7 – 0.9 to the car travel speed for big car-bonnet impacts 
and 1.1 – 1.4 for small car-windscreen impacts. The pedestrian is then thrown away from the 
vehicle and falls onto the ground (Yang & Liu, 1999). 

The sequence of events of HPPCs can be classified into separate phases. Schüszler (1998, 
p.34), Dettinger (1995, p.27ff.) and Kühnel (1980) distinguish contact, throw and skidding. 
This three-staged classification was also adopted by the German industry standard 
DIN 75 204. In addition to that the different phases, Ashton & Mackay (1983, p.121) specify 
three single events of contact. Combining both approaches, the following sequence results: 
The primary vehicle contact is the initial contact between the front structure and the 
pedestrian’s lower body. It corresponds with the beginning of the contact phase. The 
secondary vehicle contact is when the head or the upper body hit the vehicle. The contact 
phase ends when the upper body loosens from the vehicle starting the throw or flight phase. 
Within the throw, a tertiary vehicle contact may occur when the legs contact the top of the 
roof. The chronological sequence of these terms is compiled in Table 6. 

Based on a collision velocity of 40 km/h, the following time intervals can be expected for 
HPPCs: The shoulder of a grown-up pedestrian typically impacts onto the bonnet about 120 to 
130 ms after the first contact between the leg and the bumper. The head contact typically 
occurs at about 140 to 150 ms after the first contact. The time intervals for a seven-year-old 
child are shorter. The impact of the pelvis onto the bonnet leading edge occurs about 20 ms, 
the head impact about 60 ms after the first contact (Berg et al., 1997; taken from Hoffmann et 
al., 2002).  
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Chronological phases and points in time of head-on passenger car-to-pedestrian collisions  
(for a collision speed of 40 km/h and an adult pedestrian) 

Phase Description Approx. time after 
first contact (ms) 

I. Contact Time interval between the first contact of the pedestrian 
with the vehicle and the separation from the vehicle 

0 – 200 

Primary vehicle contact First contact between pedestrian and vehicle, usually 
between the lower leg and the bumper 

0 

Secondary vehicle 
contact 

Impact of the head or the upper part of the body onto the 
windscreen or the bonnet 

150 

II. Throw / flight Time interval between the separation from the vehicle 
and the first contact to the ground 

200 – 1000 

Tertiary vehicle contact Possible contact between the pedestrian’s leg or other 
parts of the body and the roof or rear end of the vehicle 

400 

III. Skidding Time interval between the impact on the ground 
(secondary impact) and the pedestrian’s final rest 
position; may also contain further flight phases 

1000 – 2000 

Based on different sources found in Dettinger (1995) 

Table 6 – Chronological phases of head-on passenger car-to-pedestrian collisions 

 

While Yang & Liu (1999, p.205) proved that the impact on the ground (secondary impact) 
depends on the collision speed and the front shape of the vehicle, more detailed dependencies 
are unavailable. The problem is that the ground impact happens in the end of the HPPC and is 
influenced by a multitude of previous events. 

 

Figure 46ff. show the results of simulated HPPCs with different accident parameters. The 
simulation model was developed by the Ford Research Centre Aachen and validated as it 
produced results quite comparable with those of real cadaver tests. The figures illustrate the 
pedestrian’s course of motions in typical HPPCs. Characteristic motions like the bending and 
shearing of the knee and the articulation of the torso can be observed for different accident 
configurations. Still, Figure 47ff. also prove that already small changes in single parameters 
have distinct effects on the kinematics of the pedestrian. This is an important finding talking 
about pedestrian accidents. It is striking that especially later sequences show great variations 
if slightly modifying the initial parameters (Koch et al., 2002, p.295f.).  
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25 km/h without deceleration or brake dive

 
25 km/h with deceleration, but no brake dive

 
25 km/h with deceleration and brake dive

 
40 km/h without deceleration or brake dive

 
40 km/h with deceleration, but no brake dive

 
40 km/h with deceleration and brake dive

Figure 46 – Humanoid kinematics from simulations (Koch et al., 2002, p.297f.) 
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The varying accident configurations expose another important factor for the kinematics of 
HPPCs: the question whether the vehicle is decelerating or even braking when striking the 
pedestrian. Except for causing a decreased collision velocity, sudden braking also alters the 
kinematics of the accident, since the braking leads to a so-called brake dive, i.e. to a lowering 
of the vehicle front. Yang & Liu (1999, p.198) estimate that in approximately 70% of all 
HPPC, the vehicle is braked before the pedestrian is hit. 

 
Figure 47 – The influence of vehicle impact position (40 km/h, no deceleration, no brake dive) (Koch et al., 
2002, p.302) 

 
Figure 48 – The influence of vehicle impact velocity (Y0, deceleration, brake dive) (Koch et al., 2002, 
p.303) 

 
Figure 49 – The influence of brake dive (Y500, 40 km/h, deceleration) (Koch et al., 2002, p.303) 
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4.2 Injury pattern 
Chapter 4.1 has shown the kinematics of HPPCs without illustrating the consequences for the 
pedestrian’s health. This shall be done in the following without putting too much emphasis on 
medical details. 

The human body tolerates outer force quite heterogeneously depending on the affected region 
or part of the body. Life-threatening conditions are naturally caused by severe injuries of the 
head, the spine and the inner organs. This has to be taken in mind if analysing and interpreting 
the injury pattern of pedestrian accidents. 

Injuries can roughly be divided into slight, severe and fatal injuries. While this graduation 
meets the requirements of several purposes, accident investigation and the evaluation of the 
severity of road accident injuries demand more specific and detailed methods. Because of 
that, some special evaluation schemata have been developed. The most common one is the 
Abbreviated Injury Scale (AIS) rating the “threat to life” of an injury from 1 (minor) to 6 
(unsurvivable). It was introduced in 1969 and latest revised 1990 by the Association for the 
Advancement of Automotive Medicine (Baker et al., 1974).  

A crucial disadvantage of AIS is that it refers to the severity of to one single injury only. 
However, as it will be shown below, pedestrian accidents frequently lead to multiple traumata 
making a comparison of different injury patterns difficult (compare Wolff, 1977, p.15). Due 
to that restriction, the AIS is complemented by the Maximum AIS (MAIS) and the Overall 
AIS (OAIS) for taking into account multiple injuries.  

Another method was based on the AIS but was specially designed for multiple injuries: the 
Injury Severity Score (ISS). For each of the six body regions head, face, chest, abdomen, 
extremities including pelvis, the highest AIS score is determined. The respective AIS values 
of the three most severely injured body regions are squared and then added together resulting 
in the ISS. The scores range from 0 to a maximum 75. AIS6 injuries automatically receive the 
maximum ISS of 75, regardless of the existence of further injuries (Copes, 1989). 

The disadvantages of the ISS are that possible errors in the determination of the AIS values 
may appear as multiplied errors in the ISS result, that different injury pattern yield the same 
ISS, and that there are no different weightings for the different body regions. 

Since head impacts are particularly important in HPPCs, the vehemence of the head impact is 
subject of a further criterion, the Head Injury Criterion (HIC). The HIC was developed by 
the NHTSA in 1972. The biomechanical criterion is based on a mathematical formula based 
on head acceleration. Thus, it has a purely physical character and lacks a deeper medical or 
injury-mechanical perspective. It was found from reconstructed pedestrian accidents that HIC 
values did not correlate with the injury outcomes. Though, the HIC is still commonly used in 
the evaluation of the pedestrian head impact due to a lack of a more appropriate criterion 
(CIREN, 2004; Yang, 2002). 
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Having introduced the most important evaluation criteria, the questions arises which regions 
of the body get how severely affected by HPPCs. According to Wolff (1977, p.15), pedestrian 
accidents are generally less uniform and more diversified than those of vehicle occupants. 
This is illustrated by Figure 50 showing typically injured body regions in a HPPC where the 
pedestrian is hit by the passenger car laterally. The typically injured body regions are spread 
over the whole vehicle-facing side of the pedestrian, supplemented by the regions of the knee 
which is turned away from the vehicle. The variety of possible regions of injury is 
additionally increased by the collision velocity and the size of the car. 

 
Figure 50 – Typical injury regions to an adult pedestrian in HPPCs and trajectories of the head with 
respect to small and big cars (Yang & Liu, 1999, p.199; and Yang, 2000, p.101) 

 
Figure 51 – Injury distribution over body regions and their correlation to vehicle components (Seiffert & 
Wech, 2003, p.224; from Otte, 1999) 
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There are however parts of the body which are more frequently affected than others. This is 
demonstrated in Figure 51 showing both the distribution of injuries over the body regions and 
the correlation to the corresponding front components of the passenger car. About one third of 
all injuries are linked to the head. Another third are injuries of the legs, in particular the lower 
leg and feet. The last third is cut into halves, one dedicated to the arms, the other distributed 
on neck, chest, and abdomen. 17.3% of the head injuries are linked to contacts with the 
bonnet of car and 28.5% are caused by impacts onto the windscreen. The injuries of the lower 
parts of the body can naturally be assigned to the lower parts of the car front. These missing 
percentages are due to collisions with other parts of the vehicle and the secondary collision on 
the ground. It shall be remarked that the figure does not contain information about the severity 
of the injuries. 

An important characteristic of HPPCs is the size of the pedestrian compared to the car front. 
Because of this, adults and children can be expected to show differing distributions of injury 
frequencies over the different body regions. This assumption is confirmed by Table 7.  

Injury frequency and severity of different body regions for adults and children 

Adults (n = 121) Children (n = 101) 
Body region 

AF IS LT AF IS LT 

Head 80 2.3 184 83 2.3 191

Cervical spine 8 2.0 16 1 1.0 1

Thorax 20 2.9 58 20 2.4 48

Upper extremities 17 1.8 31 11 1.9 21

Lumbar Spine 9 3.0 27 1 3.0 3

Abdomen 10 3.5 35 26 2.9 75

Pelvis 27 2.7 73 18 1.5 27

Thigh 27 1.7 45 39 1.8 70

Knee 28 1.1 31 18 1.0 18

Lower leg 67 2.2 147  24 1.9 46

AF: Accident frequency, IS: Injury severity (average AIS), LT = AF * IS: Level of trauma 
Source: Wolff (1977,p.16) 

Table 7 – Injury frequency and severity of pedestrians in traffic accidents by pedestrian age group 

The table offers combined information about injury frequency and injury severity. The level 
of trauma is given as the product of both numbers. While both adult and child pedestrians get 
mostly harmed by injuries of head, the high trauma levels of the lower legs are only observed 
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for adults. Thigh and abdomen are further body regions at which children show higher levels 
of trauma compared with adults. 

The following figures will show how the distribution of the injury frequency depends on the 
severity level of the HPPC. The data provided in Figure 52ff. supports the previous finding 
that injuries of the head and the legs represent the most common ones in HPPCs. However, 
the relation between these two injuries varies depending on the severity of the whole accident. 
Furthermore, also the involvement of other body regions changes with the severity.  

For HPPCs with slight injuries only, the most affected body regions are the legs, the head and 
the arms (Figure 52). Typical injuries are abrasions and minor contusions. 

Survivors (overall injury severity AIS 1, n=196)
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Source of data: 
Ashton & Mackay (1983, p.121)

 
Figure 52 – Injury pattern of slightly injured adult survivors (15-59 years) struck by the fronts of cars or 
car derivatives 

Survivors (overall injury severity AIS 2-5, n=308)
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Figure 53 – Injury pattern of severely injured adult survivors (15-59 years) struck by the fronts of cars or 
car derivatives 
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Figure 53 contains the other group of survivors facing at least one moderate (AIS2) injury. 
The separation of minor and non-minor injuries for this group shows, that severer injuries are 
mostly in the head and the legs. Thus, the importance of head injuries for this group is higher 
than for the previous AIS1 injuries. It rises to over 90% for fatalities presented in Figure 54, 
almost all of them being non-minor injuries. Remarkably, the frequency of chest injuries has 
considerably risen compared to the numbers of the survivors. The proportions of minor 
injuries are relatively low for all body regions. 
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Figure 54 – Injury pattern of fatally injured adult survivors (15-59 years) struck by the fronts of cars or 
car derivatives  

 

Fatalities of elderly (n=127)
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Figure 55 – Injury pattern of fatally injured elderly survivors (60 years and older) struck by the fronts of 
cars or car derivatives 
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Figure 55 shows the injury pattern for elderly pedestrians. The injury severity is now divided 
into three stages, of which AIS4-6 stands for life-threatening injuries. The figure indicates 
that, in more than 60% of all elderly fatalities, the head receives life-threatening injuries. This 
is confirmed by Yoshida et al. (1999) and corresponds with a study conducted by Koch et al. 
(2002, p.286f.) which found that 62% of all pedestrian fatalities are caused by head injuries. 
These injuries are mostly brain contusions and scull fractures caused by the impact on the 
bonnet, the top of the wing, the windscreen and the A-pillar (ibid.; Otte, 1999).  

Glasson et al. (2000, p.79) adds that a considerably proportion of pedestrian fatalities occur 
also due to the secondary impact on the ground. According to the figure, life-threatening 
injuries are also linked to the chest, the abdomen, the neck and the back suggesting severe 
injuries of the spine. Injuries of the arms and the legs are frequent but normally not life-
threatening. However, especially knee injuries often lead to permanent disability (ibid.). 

It shall be remarked that the data validity of the figures suffers from two limitations: Firstly, 
the data only refers to pedestrians older than 14 years. Corresponding numbers for children 
would certainly deliver different results but is unfortunately not available. Secondly, the data 
is from the beginning of the 1980s. Modifications in the design of car front have probably 
influenced the injury pattern. The second limitation of lacking timeliness can partly be 
abolished by Figure 56 showing the distribution of pedestrian injuries on various body 
regions. In spite of the fact that the study was carried out about 20 years later than the figures 
before, the distributions are quite similar to each other. This supports the previous findings. 
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Figure 56 – Distributions of injuries having different severity levels on various body regions 
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After the analysis of the distribution and severity of the injury pattern, the rest of this chapter 
shall be dedicated to the reasons and causes of the injuries. What are factors which influence 
the injury pattern? 

The main factors for the severity of the pedestrian injuries in HPPCs are the collision velocity, 
the geometry of the car front and the material stiffness in this area (Hoffmann et al., 2002).  

The stiffness directly depends on the materials used for the production of bumpers, bonnets 
and also the windscreens. New materials like aluminium and sophisticated kinds of plastic 
facilitate enhanced flexibility in vehicle design. Elastic materials can absorb a high portion of 
the kinetic energy of the knee or the head of a pedestrian when impacting on the car. This 
results in reduced deceleration values which can be measured by the HIC. 

The distribution of the pedestrian injuries on the respective body regions depends also on the 
design of the vehicle front which, on average, has continuously become smoother during the 
last years. The bonnet leading edge has often been reduced to a harmonic transition from the 
bumper to the bonnet. This affects the distribution of injuries on the different body regions. 
Reductions of pelvis and femur injuries can be expected – at least for grown-up persons. This 
expectation is confirmed by a French study comparing the frequencies of pelvis and femur 
injuries for pedestrians older than 11 years (Seiffert & Wech, 2003, p.223; from INRETS, 
1999). The study shows that pedestrian accidents involving recent passenger cars (newer than 
1989) result in considerably less pelvis and femur injuries than those involving older cars. 

A crucial problem of the car front design is the different pedestrian size. Already Wolff (1977, 
p.133ff.) highlighted that a high bonnet leading edge positively affects the head impact of an 
adult pedestrian, while child pedestrians profit from wedge-shaped rounded front shapes. The 
contradictory design requirements represent a major challenger for the designers of new 
passenger cars. 

As denoted in chapter 3.3.5, the collision velocity is the most crucial for the outcome of the 
accident. By introducing the Peak Virtual Power (PVP) as a further injury criterion, Neal-
Sturgess et al. (2002) point out that the injury severity is directly related to the collision 
velocity v. The injury severity, measured for example on the AIS, is proportional to v² for 
slight injuries and to v³ for severe and fatal injuries. Another, however less decisive factor is 
the previously mentioned contact stiffness of the vehicle. Neal Sturgess et al. sum up these 
findings in the following model formula: 

n
C VKPVPPIAIS ⋅∝∝∝ ~%  (4.1) 

with: AIS  -  the injury severity of the struck pedestrian 

 PI% - the probability of injury 

 PVP - the Peak Virtual Power input to the system 

 KC - the normal contact stiffness of the impacting vehicle (N/mm) 
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 V - the vehicle velocity at impact (km/h) 

 n - 2 for slight injuries, 3 for severe and fatal injuries 

The formula indicates that speed reductions would be much more effective than reducing 
vehicle stiffness. Besides, the introduction of smoother car surfaces takes several years until 
the change in the car fleet shows considerable effects (ibid.). 

While the collision velocity is the most important factor for the severity for HPPCs, the head 
is the most decisive body region. Figure 57 combines both in a matrix containing 171 
HPPCs, illustrating the location of the head impact on the car front classified by collision 
velocity and resulting injury severity. The classification shows that there was neither a very 
severe head injury at rather slow collision velocity (first cell) nor a minor injury at a high 
collision velocity (ninth cell). All nine cells together show a clear correlation velocity and 
severity of the head injury. Another finding is that the vast majority of very severe head 
impacts were located not on the bonnet but on the windscreen of the car.  
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Source: Graphics reconstructed according to Seiffert & Wech (2003, p.224), data from Hahn 
(2001) 

Figure 57 – Areas of head impacts versus injury severity and collision velocity 
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Though, the correlation between the collision velocity and the severity of the head injury is 
only true for the contact with the vehicle. The secondary contact however, which may also 
cause severe injuries, does not show this kind of dependency (Figure 58). 

 

 
Figure 58 – Predominant injury severity by impact speed for vehicle contact and ground contact injuries 
sustained by pedestrians struck by the fronts of cars or car derivatives (Ashton & Mackay, 1983, p.122) 

 

These findings correspond to the early findings of Wolff (1977, p.133ff.) stating that the 
impact on the vehicle is more important than the ground impact for collision velocities of 
more than 30 km/h. 

The probability and severity of pedestrian injuries caused by secondary impacts depend on the 
energy and – first of all – the pedestrian’s posture at impact. Self-evidently the secondary 
impact becomes life-threatening if the pedestrian impacts the ground with his head first. The 
problem is that the pedestrian’s posture before the secondary impact is very sensitive to 
changes in the design of the vehicle front and to modified collision velocities. This is testified 
by simulations of HPPCs computed by Yang & Liu. Depending on the chosen vehicle model, 
higher collision velocities resulted into a feet-first secondary impact while lower velocities 
caused head impacts, and thus an increased probability of severe injuries due to the secondary 
impact (Yang & Liu, 1999, p.204f.).  An example of different postures at secondary impact 
for identical initial collision velocities is illustrated in Figure 59. 
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The influence of car front design on the pedestrian’s posture at the secondary impact 

a) b) 

Source: Yang & Liu (1999, p.204) 

Figure 59 – Pedestrian secondary impact to road surface in simulations of HPPCs at a velocity of 30 km/h 
with vehicle models (a) OPEL and (b) Mini VAN 

The objective of vehicle design in this context should thus be to ensure for the whole range of 
collision velocities that the pedestrian, regardless of which size, impacts the ground with his 
legs or bottom first. These body regions are very unlikely to receive life-threatening injuries 
and may therefore be used as a kind of “protecting pillow” (Wolff, 1977, p.133ff.).  

The great sensitivity – virtually the unpredictability – of the secondary impact leads to another 
challenge: Since HPPCs involve impacts with both the car front and the road surface the 
causes of the injuries are often difficult to identify. With reference to several prior studies, 
Yang & Liu (1999, p.199) suggest in-depth field studies as one possibility to reveal the 
particular injury causation. Recent approaches in this field will be illustrated and discussed in 
chapter 7.  

Generally, the analysis of the injury pattern showed that the vehicle impact is the main cause 
for fatal and severe injuries while the injury risk of the secondary impact onto the road surface 
strongly depends on the question which body part hits the ground first. The key issue for 
mitigating the injuries caused by HPPCs is to prevent the severe injuries of the legs and – 
most important - the head.  

This concludes the first part providing the description of the problem. The second part of the 
thesis will deal with measures suitable for reducing the problem. 
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PART II: COUNTERACTIVE MEASURES 
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5 COUNTERMEASURES 
The unfortunate and grieve consequences of pedestrian accidents have provoked the 
development and implementation of a variety of countermeasures to avoid or at least to 
mitigate pedestrian accidents. The last chapter showed that a special focus has to be put on 
collisions between pedestrians and passenger cars. 

This chapter tries to present the whole spectrum of possible countermeasures against 
pedestrian accidents by suggesting a classification based on different characteristics of 
countermeasures. In further subchapters, this classification is filled with contemporary 
examples, costs/benefits and the important aspect of external effects are discussed and today’s 
most promising approaches are presented.  The latter leads to the aspect of passive safety and, 
in particular, car front design. This again requires adequate legislation which leads to the next 
chapter. 

5.1 Classification of countermeasures 

5.1.1 Kind of countermeasure and application area 
The first criterion to distinguish countermeasures in the field of pedestrian safety is the 
application area. As already illustrated in chapter 2, the three factors causing road traffic 
accidents are the human, the vehicle and the environment. Accordingly these three factors are 
taken as application areas for countermeasures. The factor human includes both the pedestrian 
and the driver, comprising their clothing and other accident-relevant items carried along. As 
the thesis focuses on pedestrian-car collisions, the only vehicle involved is the driver’s car. 
The pedestrian by definition does not have any vehicle around him. The environment is 
understood as the physical surrounding of the pedestrian and the driver as well as abstract 
things like legislation, social conventions, moral concepts etc. (Figure 60). 

 
Figure 60 – Factor Pyramid Model suggesting a dependency hierarchy for the different application areas  
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Usually countermeasures can clearly be related to one of these areas. Only in exceptional 
cases they refer to more than one application area. Examples are the implementations of 
vehicle-environment systems like car radio or GPS requiring adequate transmitters in the 
environment as well as corresponding devices in the vehicle.  

The second criterion is the kind of the countermeasure answering the question how 
countermeasure improve safety. Countermeasures concerning road safety are classically 
divided into the “Three E’s”7 which are engineering, education and enforcement. As several 
countermeasures do not exactly fit in one of the three categories, several extensions have been 
made. The author suggests the classification into the “Five E's of Road Safety”8. The Five E's 
are education, engineering, enforcement, evaluation and encouragement (definition proposals 
of these terms are provided in Appendix A). In contrast to the first criterion of the application 
area, countermeasures may be assigned to more than one of the Five E's. In addition to that, 
one countermeasure often requires the appliance of another countermeasure of a different 
kind. Examples are innovations like the ABS: On the one hand they increase traffic safety by 
engineering. On the other hand, they require adequate educational measures already in driving 
school. 

The dependency between the kind and the application area of countermeasures in 
pedestrian safety is shown in Figure 61.  

 
Figure 61 – Classification of countermeasures into the Five E’s and corresponding applications areas  

                                                 
7 According to Cummins (2003), the term was made up by Julian Harvey in 1922, originally used for industrial 
safety. 
8 This extension is taken from a lecture about road safety held by Prof. Kenneth Asp at the Linköping University, 
Campus Norrköping, Sweden in 2002. 
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Education, encouragement and enforcement are always connected with the human. Only a 
human being – whether it is the driver, the pedestrian or a member of the society – is capable 
of learning, being motivated by encouragement or following rules to avoid punishment. 
Education – as it shall be understood in this context – requires intelligence. The education of 
vehicle components based on artificial intelligence shall be excluded within the scope of this 
thesis. Although they may become relevant in the future, contemporary vehicles are not 
equipped with suchlike systems. 

Engineering is considered as the technical development of the vehicle, the environment, or the 
human. Engineering of the human means either an upgrade of the clothing and other 
equipment worn by the human or direct physical upgrades, for example a replacement of 
bones and joints by superior artificial components. From the present point of view the 
technical and ethical feasibility of direct physical upgrades are not existent. Nor can its 
demand be regarded as significant. Examples of special clothing and personal protection 
devices (helmets, airbag jackets or reinforced shoes) have been developed but their demand as 
protection devices against accidents has been negligible either. 

 

5.1.2 Initiator and the initiator’s motivation 
The third criterion for countermeasures is the initiator of the measure. An important aspect in 
this regard is the respective initiator's motivation. Who implies a countermeasure and why? 
Possible initiators are the pedestrian, the driver, the emergency medical aid, an automatic 
system, the state, the surveillance (police), the car manufacturers, the insurers, independent 
experts and the society. 

With the exception of suicide, the pedestrian as the central element within the framework of 
pedestrian safety is self-evidently interested in introducing sufficient countermeasures for his 
own protection, as for him the stakes are his life. The fact that the pedestrian is “at the scene” 
enables him to apply countermeasures directly and very efficiently. The drawback is he can 
only influence his individual risk but cannot raise the safety level for all pedestrians. 

It is understood that the driver is generally interested in avoiding any accident, whether with 
or without other road users. Accidents mean a personal risk for the driver’s health and the 
health of eventual other occupants, a risk of financial loss by material damage or penalisation 
and also a risk of becoming addicted and facing awkward legal consequences. The potential 
psychological stress caused by the horror and feelings of guilt which could be caused by an 
accident with other road users represents a further incentive to avoid accidents by any means. 

The emergency medical aid contains all the people involved in the post-accident rescue and 
care, from the emergency physician and the paramedics to the rehabilitation nurse. Their work 
depends on an efficient infrastructure. The work of the emergency medical aid often decides 
whether the outcome of a severe accident becomes fatal or not. Members of the emergency 
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medical aid initiate countermeasures as basic part of their professional or voluntary 
occupation, for which they get paid. In addition to that a further incentive might be the want 
to help other people as indicated by the multitude of voluntary workers. An indication of the 
quality of the emergency medical aid is the success rate in rescuing.  

Due to their non-person character, automatic systems are by nature not led by motivation, 
but simply follow well-defined algorithms triggered by appropriate sensors. The only human 
character behind automatic systems is the know-how and creativity of their programmers, of 
experts and technicians. They again invented and fabricated these systems in return for their 
earnings. 

In many countries, the state, represented by its government and the public administration, 
bears the responsibility for protecting its citizens’ health. In this context the government has 
to ensure a certain safety standard of the transport network, particularly for vulnerable road 
users like pedestrians. The economical importance of a reliable and safe transport network 
also contributes to the necessity to launch appropriate countermeasures for improved traffic 
safety, thus also pedestrian safety. A further incentive for a democratically appointed 
government is the fact that the successful improvement of pedestrian safety usually raises the 
chances of re-election.  

The surveillance (traffic police) is closely related to the state and its administration. The 
surveillance, normally embodied by the traffic police, takes care for an efficient flow of 
traffic, enforces the law, provides assistance to rescue services and collects accident statistics. 
The police work is down as professional occupation in return for earnings. 

Car manufactures try to maximise their profits and to ensure a prosperous future 
development of their company9. The derived sub goals of profit and expansion are both the 
increase of the revenue and the decrease of costs. The car manufacturers are dependent on 
their customers, their competitors and the law passed by national or supranational institutions. 
The law affects car manufacturers in the form of directives, norms and standards representing 
restrictions for the car manufacturers’ decisions. These restrictions are all the more important 
since the customers’ (the drivers’) safety demands for their vehicles differ from the demands 
on pedestrian safety. 

Further restrictions are made by the market, in other words: by the competitors and the 
customers. If a safety innovation has become a new kind of safety standard, all new cars have 
to be equipped with this innovation to be competitive, even if the innovation has not been an 
official prerequisite yet. For example, while airbags are not mandatory by law yet, today’s 
customers already consider airbags as essential safety equipment. Car manufacturers will 
therefore not be successful in selling a new generation of cars if the cars are not equipped with 
airbags.  

                                                 
9 A market economy is assumed as it is the case for the most important car manufacturers in the world.  



 78

At the same time safety innovations bear a great opportunity for car manufacturing 
companies: If a company manages to be the first one equipping its cars with a safety 
innovation, this superiority over its competitors will enable a higher profit margin. In addition 
to that safety innovations are an important marketing aspect enhancing the company’s image. 

Vehicle insurers are normally privately owned and have the same goals as the car 
manufacturers: profit and expansion. Since potential insurance benefits occur chronologically 
after the agreement on the insurance charges, the insurers gain from pedestrian accident costs 
developing on a lower level than expected. Logically, insurers are generally interested in 
lowering accident numbers and mitigating their severities.  

Experts and researchers on pedestrian safety are ideally not committed to any of the other 
groups of initiators. By taking into account and assessing all the subjective viewpoints 
provided by the different stakeholders, the experts and researchers obtain an independent 
objective perspective. In practice certain interferences cannot be excluded, since the experts 
and researchers are mostly paid by and therefore also dependent on one or more of the other 
groups. Still, as the experts and researchers are normally rather evenly distributed over the 
different stakeholders, the assumption of independency may be held up. Like some of the 
other groups the independent experts usually make their livings with the development and 
evaluation of countermeasures. A further incentive for experts and researchers is the possible 
gain in reputation and authority due to their work in the field of pedestrian safety. As a matter 
of fact this scientific status is again closely related to their earnings. 

The society normally includes all the people living in a certain region and sharing a mutual 
basis of culture, values, rules and goals. Already having introduced the state, the 
corresponding region here is the territory of the state. In this context the society shall be 
understood as the whole group of people who have personal interests in the situation inside 
the territory of the state. The members of the society get the possibility of exerting pressure 
on the decision-makers to introduce countermeasures improving pedestrian safety. Their 
motivation is the reduction of economical losses and the increase of general safety, both with 
consequences for each member of the society. 

Table 8 summarises the main motivations of all initiators. 
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Initiator Motivations to apply countermeasures* 

Pedestrian Protecting his health 

Driver Protecting his health; avoiding financial loss, penalisation, psychological stress 

Emergency 
medical aid Occupation 

Automatic systems None (Occupation of programmers) 

State Legal obligation; re-election 

Surveillance 
(traffic police) Occupation 

Car manufacturers Obligation to meet regulations; advantage by innovations; product liability 

Vehicle insurers Avoiding / reducing accident costs 

Experts and 
researchers Occupation; reputation 

Society Avoiding economical losses; increasing general level of safety 

*) The human want of altruism may be a further incentive for some of the groups. 

Table 8 – Initiators and their motivation 

 

5.1.3 Dependencies between initiators 
The initiators are not independent from each other. Instead their dependencies are manifold 
and comprise a complex network. The knowledge of these relations supports the finding of 
efficient countermeasures as well as their efficient implementation. The implementation of 
countermeasures is usually limited by restriction of time or money budgets – usually time can 
also be transferred into monetary terms. Figure 62 shows the financial dependencies between 
the initiators as introduced in the last subchapter. 

While the pedestrian is the target of countermeasures concerning pedestrian safety, he only 
pays money to the emergency medical aid (making a detour over a health insurer in real life) 
and, as part of the society, transfers his taxes to the state. The driver, on the other hand, pays 
money to the state, the insurers and the automotive manufacturers. The driver plays therefore 
an important role regarding countermeasures against pedestrian accidents. Altogether the 
figure shows that each initiator is financially linked to at least one other. 
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Figure 62 – Initiators of countermeasures and their financial dependencies 

 

Another kind of dependencies results when analysing examples of countermeasures classified 
by their initiators and their kind (Table 9). The important point is the application area of the 
single countermeasures. In most cases, the application area comprises other initiators, which 
means that the countermeasure triggered by one initiator affects another initiator. For 
example, the publication of a pedestrian safety expert could trigger a public debate about 
pedestrian safety. The society now being aware of the risk of pedestrians in road traffic 
imposes pressure on the state to initiate appropriate countermeasures. The police, the insurers 
and the emergency medical aid would provide accident statistics and thus a scientific 
fundament for the governmental decision. The state decides to introduce mandatory 
pedestrian safety courses in elementary schools and forces (or encourages) automotive 
manufacturers to equip their new vehicles with certain devices enhancing pedestrian safety. 
The risk for each pedestrian would decrease because of both the better education about the 
risk already for children and the increased safety of the vehicles. The example shall illustrate 
that many countermeasures can not be seen isolated but as one part of a long chain of 
countermeasures with the countermeasure of one initiator affecting another initiator who 
triggers another countermeasure and so on. 

This perspective is supported by Koch et al. (2002, p.287) pointing out: “It is the 
responsibility of society [i.e. all different initiators] and not one stakeholder (e.g. vehicle 
manufacturers) to implement pedestrian protection solutions. Each stakeholder has a limited 
area in which they have a primary influence and can contribute to solutions (e.g. governments 
can influence public transport infrastructures).” In other words, everyone has to be made 
aware and responsible for pedestrian safety.  
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Examples of countermeasures by kind and initiator: 
Which kinds of countermeasure can be triggered by the single initiators? 

Kind of countermeasure 
Initiator 

Education Engineering Enforcement Encouragement Evaluation 

Pedestrian - - 
reporting 

traffic 
offences 

appreciating 
prudent driving 

unconscious 
learning by 

experiencing 
traffic 

conflicts 

Driver - - - 

changing their 
buying patterns 

in favour of 
increased safety 

unconscious 
learning by 

experiencing 
traffic 

conflicts 

Emergency 
medical aid 

first-aid 
courses for 
road users 

- - 
making aware of 

accident 
hazards 

reporting 
success rates 
and accident 

statistics 

Automatic systems 
advising 

drivers how to 
drive safely 

- intervene in 
unsafe driving

suggesting 
actions of safe 

driving 

documenting 
relevant 
variables 

State 

campaigns for 
road users, 

driving school 
for drivers 

designing and 
maintaining 
the street 

environment 

responsible 
for legislation,  
controlling the 
traffic police 

providing 
monetary 

incentives for 
prudent drivers 

compiling 
road safety 

statistics 

Surveillance (traffic 
police) 

educating road 
users during 

traffic checks, 
safety training 

for children 

- 
executing the 

traffic 
regulations 

rewarding safe 
driving 

reporting 
accident 
statistics 

Automotive 
manufacturers 

providing 
safety 

information in 
operations 
manuals 

producing safe 
vehicles and 

automatic 
systems 

- 
making drivers 
aware of safety 

features 

testing new 
vehicle 
models 

Vehicle insurers campaigns for 
road users - - 

providing 
benefits for 

accident-free 
drivers 

analysing 
insurance 

data 

Experts and 
researchers 

making society 
aware of 

safety risk by 
publications 

developing 
safer vehicles  

and street 
environment 

- 

informing society 
about the 

advantages of 
safe driving 

testing and 
simulating 

new vehicles 
and safety 
equipment 

Society 

stimulating 
public debate 
and general 
awareness, 

training of the 
young (family) 

- 
reporting 

traffic 
offences 

generating an 
atmosphere of 
high respect for 
the human life 

and the integrity 
of every person 

- 

Table 9 – Examples of countermeasures by kind and initiator 
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5.1.4 Application time 
The three criteria for countermeasures mentioned so far do not contain any information about 
the temporal aspect of the countermeasure. Therefore, the fourth criterion for classifying 
countermeasures is the time of appliance: When is a countermeasure brought to action? 

When introducing a chronological order for something, the first necessary step is to ensure 
that each element, in this case each countermeasure, can be clearly related to a finite space of 
time. Each countermeasure must have both a start and an end. To receive a total order, the 
space of time of each countermeasure must be reduced to one representative point in time. 
(In reducing each countermeasure to one single point in time, no countermeasure can lie 
inside the duration of another.) This point could be the initiation of the countermeasure 
(Figure 63) or its temporal mean value (Figure 64), affecting the resulting order of 
countermeasures.  

 
Figure 63 – Initiation of countermeasure as representative point of time  

 

 
Figure 64 – Temporal mean value as representative point of time  

The second step is to define at least one reference point to enable the segmentation into two 
or more time segments or phases. The central topic of pedestrian safety is the pedestrian 
accident. Within the sequence of accident events, the instant of the first collision between 
pedestrian and car is one of the decisive and thus most suitable points of time to represent the 
time of the whole accident.  

A first simple classification uses the initiation of each countermeasure as its representative 
point in time, the start and the end of the accident as its reference points. This leads to 
segmentation in three different phases in which countermeasures can be initiated: before 
accident (pre-accident), during accident (accident), after accident (post-accident). 
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This simple classification was also already suggested by William Haddon Jr. (Haddon, 1968) 
in his Haddon Matrix. The matrix combines the factors (or application areas) human, vehicle 
and environment with the time dimension, the latter categorised into the phases pre-accident, 
accident and post-accident (Table 10). With regard to the different time periods in which 
countermeasures can be applied, three different kinds of injury prevention can be deduced: 
The Primary Prevention embraces measures which take place before the accident happens. 
With the accident unavoidable, the Secondary Prevention focuses on the prevention of 
injuries during an accident. Finally, the Tertiary Prevention is performed after the accident 
and contains all measures being applied to reduce the severity of the accident and sustain the 
lives of the accident victims. 

Phase 
 

Factor 
Pre-accident Accident Post-accident 

Human 
information, attitudes, 

impairment,  
police enforcement 

use of restraints, 
impairment 

first-aid skill, 
access to medics 

Vehicle 
roadworthiness, lighting, 

braking, handling, 
 speed management 

occupant restraints, 
other safety devices, 

crash-protective design 

ease of access, 
fire risk 

Environment 
road design and road 
layout, speed limits, 
pedestrian facilities 

crash-protective roadside 
objects 

rescue facilities, 
congestion 

 Accident prevention 
(Primary prevention) 

Injury prevention 
(Second prevention) 

Severity reduction 
(Tertiary prevention) 

Sources: Haddon Matrix published in Haddon (1968), examples taken from WHO (2004, p.13) 

Table 10 – Haddon Matrix containing examples of determining factors in road injury prevention 

The three-phase time classification is also suggested by Seiffert & Wech (2003) in their 
categorisation of automotive safety (not only pedestrian safety) like illustrated in Figure 65. 
In spite of its missing focus on pedestrian safety, the classification shows the following: 
Countermeasures, introduced before the possible accident could happen, are called accident 
avoidance. Others, applied during or after the accident, point to the mitigation of injuries. The 
two main categories accident avoidance and mitigation of injuries are often referred to as 
active safety and passive safety respectively.  

Seiffert & Wech use the already introduced tripartition into human, vehicle and environment 
only for the accident avoidance. Of course, the influence of the human is much lower during 
and after the accident than before. Still, all three factors should be considered crucial for all 
application times, since for example reflex movements or just the physical condition of 
accident victims contribute to the accident outcome. The – from the general vehicle (or driver) 
perspective of automotive safety – particularly relevant categories for pedestrian safety are 
highlighted in the figure.  
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Figure 65 – Classification of automotive safety by time and fields relevant for pedestrian safety  

 

A second more detailed classification fractionises the three phases before, during and after 
the accident into more detailed segments. The pre-accident phase is divided by the two 
reference points, collision imminent and collision unavoidable, into the three sub-phases pre-
conflict, collision avoidable and collision unavoidable. The accident phase starts with the very 
first collision between pedestrian and vehicle. Further reference points are the second 
collision (pedestrian’s head on the vehicle), the third collision (pedestrian hitting the ground) 
and the pedestrian’s final rest position (end of the accident phase). These reference points 
correspond with three different sub-phases within the accident phase. The post-accident phase 
does not provide new reference points and is not subdivided. The sub-phases and reference 
points are illustrated in Figure 66. 

A possible modification to both classifications would be the addition of the group of time-
independent countermeasures. The engineering of vehicles or traffic legislation would be 
examples of this kind of countermeasures which do not stand in apparent temporal relation to 
the accident. Still, as these countermeasures have already been initiated and affect the 
conditions of the accident, they obviously belong to the group of before-accident 
countermeasures. This argumentation is valid for all apparently time-independent 
countermeasures leaving this additional category possible but not mandatory. 
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Figure 66 – The three phases before, during and after the accident and respective sub phases 

 

 

5.1.5 Summary of criteria for the classification of countermeasures 
As presented in the previous subchapters, there are four general criteria for the classification 
of countermeasures regarding pedestrian safety: the kind, the application area, the initiator 
and the time. Table 11 summarises the criteria and their respective possible values. 

Criterion Possible values 

Kind Education, Engineering, Enforcement, Encouragement, Evaluation 

Application area Human, vehicle, environment 

Initiators  
Pedestrian, driver, emergency medical aid, automatics systems, state, 
surveillance (traffic police), car manufacturers, vehicle insurers, experts and 
researchers, society 

Time Pre-accident (pre-conflict, collision avoidable, collision unavoidable), accident (first 
phase, second phase, third phase), post-accident 

Table 11 – Summary of criteria for the classification of countermeasures and possible values 

 



 86

5.2 Examples of contemporary countermeasures  
The last decades have brought many efforts in the field of pedestrian safety. Today a wide 
variety of countermeasures exists, introduced against the burden of pedestrian accidents. 
Some examples of those contemporary countermeasures have already been brought up in two 
different compilations being part of the previous subchapter: the first one opposing initiator to 
application area (Table 9), the second one confronting application area (factor) with phase of 
the accident (Table 10). This subchapter provides additional examples taken from multiple 
sources (ADONIS10, 1998; IATSS11, 2004, p.8ff.; British campaigns12; Perils for 
Pedestrians13; Koch et al.14, 2002; Sauerbrey15, 2004; Davis16, 2001) still only touching a 
small selection of all the countermeasures available today.  

The countermeasures are grouped according to their kind, i.e. to the Five E’s. Where 
appropriate the different application areas (human, vehicle, environment) and the different 
phases in relation to the accident are represented as well. 

 

Education 

Educational measures focus exclusively on the human factor, i.e. on the pedestrian, on the 
driver or on other persons. Education is usually customised for different age groups. Parents 
teach their children how to act safely as pedestrians. Except for the family, kindergarten 
(preschool) and primary school are further institutions of basic education in traffic rules. 
Teachers and members of the police may provide special courses for the pupils teaching the 
participation in traffic as pedestrians or cyclists. The driving licences for the bicycle in 
primary school, for powered two-wheelers, for the passenger car and for other vehicles 
require appropriate driving education and increase the knowledge of the risk of pedestrian in 
traffic. Adult education is primarily concentrated on public information campaigns distributed 
by the media. Examples are the campaigns “Get Across – Road Safety” and “Think!” as well 
as the “Hedgehogs” in Great Britain. Adult education comprises the education of parents and 
is therefore indirectly essential for the education of the children.  

                                                 
10 ADONIS Catalogue; ADONIS: “Analysis and Development Of New Insight into Substitution of short car trips 
by cycling and walking”; 18 months research project of the EU Transport RTD Programme, initiated by the 
European Commission, containing 33 technical and 9 non-technical facilities (countermeasures) for pedestrians 
11 White Paper on Traffic Safety in Japan 2004; facing serious problem with traffic safety for the elderly, Japan 
introduced some interesting approaches to reduce the risk for pedestrians 
12 “Get Across – Road Safety” information and education programme for children of different age groups; 
supported by the “Hedgehogs” campaign and the “Think!” programme; all by the British Department for 
Transport; http://www.dft.gov.uk, http://www.hedgehogs.gov.uk and http://www.think.dft.gov.uk 
13 Website of “Perils for Pedestrians - A monthly television series promoting awareness of issues affecting the 
safety of people who walk”; containing a wide variety of examples where perils for pedestrians are discovered 
and where – at least in some cases – solutions are provided; http://www.pedestrians.org/examples.htm 
14 Koch et al. (2002); in-depth accident tests (IMPAIR study) providing detailed data for the evaluation and 
simulation of pedestrian-vehicle collisions; basis for vehicle engineering. 
15 Sauerbrey (2004); MAN Abbiegeassistent; driver assistance system in lorries for turning 
16 Davis (2001); source containing information about the Local Runabout 
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As both children and the elderly bear an above-average risk as pedestrians in traffic, many 
contemporary countermeasures apply to those groups. Examples are on the one hand 
children’s traffic clubs, on the other hand safety awareness campaigns, home visits with 
traffic safety tips for seniors. Other approaches like the Japanese “Cross-Generation Sharing 
Project” involve both groups with one helping the other. 

While usually customised for different age-groups, education can also focus on handicapped 
pedestrians (e.g. electric wheelchair safety education on special training areas), pedestrians 
guiding children, pedestrians leading animals, inline skaters, tourists etc. An example for the 
education – in the broadest sense – of tourists is the installation of information desks with free 
street maps. Some further countermeasures having only a minor educational aspect range in 
the group encouragement presented below. 

Road safety education is always pre-accident, even pre-conflict, i.e. the education on how to 
circumvent conflicts in traffic takes place before the conflicts occur.  

 

Engineering 

Engineering can be applied on the vehicle and the environment. For both application areas, 
engineering is applicable before, during and after the accident. Engineering bases upon 
evaluation delivering the necessary scientific and technical knowledge for adequate 
countermeasures. 

From the perspective of pedestrian safety, the engineering of the vehicle has two different 
sides. Firstly, vehicle engineering can support the driver in avoiding collisions with 
pedestrians (active safety). An good example are the new approaches in driver’s visibility: 
intelligent headlights with bending light, infrared night-vision, sensor systems enabling 
circumferential visibility and side window lenses or other assisting devices for lorries to 
prevent pedestrian and cyclist accidents during turns. Secondly, vehicle engineering can also 
contribute decisively to the mitigation of pedestrian-to-vehicle collisions (passive safety). If 
the collision is inevitable, the exterior design of a car can help to minimise the forces acting 
on the pedestrian’s body when colliding with the car front. Different active and passive 
systems of passive safety have been developed, mainly as prototypes, to mitigate the 
consequences of collisions. An example for a revolutionary idea is the “Local Runabout”, a 
totally new car type with pedestrian-friendly shape and low top speed. Such innovations are 
certainly far from series production; however, they provide visions of what is generally 
possible. 

Engineering of the environment addresses mainly the planning, design and maintenance of the 
road infrastructure. But also the installation of adequate rescue services and an intelligent and 
integrated mix of different means of transport may have influences on the safety of 
pedestrians. Examples are the following kinds of facilities for different purposes: facilities for 
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moving along road sections like bollards on the pavement, elimination of pavements in streets 
with limited car traffic, guiding lines for blind pedestrians, direction signing for pedestrians; 
facilities for moving in areas like access control for motorised traffic, play streets; facilities 
for crossing like detection of waiting pedestrians, pedestrian intersections, pedestrian flashing 
yellow, lower pedestrian delay in light-controlled crossings, lowered kerbstone in 
intersections, one-lane roundabouts, speed reducing measures near intersections, teachers’ 
access to increased green light time, pedestrian underpasses/footbridges; facilities for resting 
and waiting like benches and rest poles, level access to public transport; organisational 
facilities like school crossing guards. A further important example is the deployment of 
larger, brighter road signs and brighter road markings for improved visibility.  

 

Enforcement 

In analogy to education, enforcement is only applicable to the human and only before the 
conflict occurs. While the aspect of penalisation indeed occurs also after the accident, it has 
no effect on the outcome of this single accident and is thus not regarded as a countermeasure 
as understood in the framework of this thesis. Accordingly, the case of post-accident 
enforcement is excluded. 

Enforcement is normally in the sovereignty of the executive power of a state, i.e. in the hands 
of the state and the police. It is their obligation and opportunity to develop, implement and 
enforce suitable transport and pedestrian policies. Current approaches involve the integration 
of local authorities, government-supported local action plans and pedestrian plans. As it will 
be shown in chapter 6, the legislative power – as the essential counterpart of the executive 
authority – yields the legal fundament for the enforcement and is thus decisive for its success. 

The traffic police bear a key responsibility in ensuring pedestrian safety as they have to 
observe the abidance of the traffic regulations and support the execution of many other 
countermeasure like providing and taking part in traffic education, collecting statistical 
information of pedestrian accidents, helping accident victims and assisting the emergency 
medical aid. 

 

Encouragement 

As the third kind of countermeasure which can exclusively affect the human, encouragement 
only occurs before the accident or conflict. It is often difficult to distinguish encouragement 
from education since promising education usually contains an encouraging aspect. However, 
while education comprises direct, often institutionalised and explanation-supported efforts to 
manipulate people, encouragement rather produces a circumstance or situation making the 
addressees change their attitudes and behaviour. Thus, the manipulation occurs indirectly and 
the addressees alter their attitudes on their own and voluntarily. 
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The car insurers play an important role in this context because they have the opportunity to 
encourage drivers to buy safe vehicles, drive carefully and safely. Other measures of 
encouragement are undertaken by the state or the traffic police. Examples are the supply of 
accessibility maps for elderly and disabled and the promoting of measures for night/dusk like 
the use of reflectors or the early use of headlights. 

 

Evaluation 

The fifth kind of countermeasure aims at the analysis and assessment of pedestrian safety 
related aspects and embraces all application areas as well as all phases of the accident. The 
collection of (accident) statistics also belongs to evaluation and represents a key function for 
the development of further countermeasures. Statistics are collectible in and relevant for all 
three application areas. 

In addition to that, evaluation of the human factor ranges from interviews with and attitude 
surveys of road users to the simulation of pedestrian movements. Accident research focuses 
the durability of the human body, its sensory abilities and limitations, the correlation between 
the pedestrian’s clothing and his conspicuity for the driver, etc. 

Evaluation of the vehicle represents a major field in pedestrian safety. The manifold examples 
comprehend pedestrian crash tests with dummies and cadavers, crash tests with special 
artificial pedestrian test devices like in the EuroNCAP test as well as numerical models and 
simulations. Evaluation of the environment focuses mainly on the road infrastructure but also 
on further exterior influences like the rescue service, the traffic legislation, the choice of the 
means of transport (modal split) or the attitudes of road users. Examples are the analysis of 
physical road characteristics like tire grip, drainage or reflectance of road surface and road 
markings as well as the assessment of the road equipment and its condition. Additionally also 
the principles and the concrete articles of traffic legislations can be compared on an 
international level. The evaluation of both the vehicle and the environment constitutes the 
precondition for engineering measures in the respective fields. In addition to that, it can cause 
the introduction or the amendment of traffic regulations which again represent the basis for 
measures of enforcement. 

Often, not one single application area (factor) but their interaction is the object of 
investigation. Conventional crash tests have already been mentioned above. Current 
approaches comprise in-depth accident investigations computing an interdisciplinary analysis 
of single accidents and illuminating them from different perspectives (compare the IMPAIR 
Study in chapter 7). 



 90

5.3 Costs/benefits and external effects 
On the one hand, the development and implementation of countermeasures cost money, time 
and other resources. The initiators of countermeasures have to cope with limited budgets of 
these resources which may generally be measured in monetary costs. On the other hand, 
countermeasures reduce the losses caused by pedestrian accidents. Losses can also be 
specified in monetary dimensions, whether they are losses of property or non-monetary 
losses, like the loss of a human life or the loss of productivity, but transferable in monetary 
dimensions by the application of standard rates or the Disability Adjusted Life Years (DALY) 
concept (Murray et al., 2002). Thus, the expected monetary benefits can generally be 
specified. The initiators’ decisions on the selection of countermeasures should consider the 
efficiency of each countermeasure, usually determined by its expected cost/benefit-ratio.  

While some of the sources of contemporary countermeasures in the previous subchapter 
specify concrete costs, a comparison and analysis of costs cannot be given within the scope of 
this thesis. Even if generally possible, the determination of expected benefits is an even more 
complex task being excluded from this thesis as well. The problem of the complexity of 
cost/benefit analyses is also highlighted by Neal-Sturgess et al. (2002) who state that several 
extensive studies had been conducted to quantify the effect of the introduction of the proposed 
European Pedestrian Protection Procedure (see chapter 6.3) on the costs and benefits to 
society, though none of them were universally accepted. This subchapter therefore only deals 
with a short qualitative discussion of external effects on related sectors as they represent 
important criteria for the choice of countermeasures. It shall be pointed out that external 
effects comprise both external costs and external benefits. 

What are external sectors or aspects which are affected by the application of countermeasures 
of pedestrian safety? According to the various German “Richtlinien für die Anlage von 
Straßen” (RAS, German Guidelines for the Design of Roads), road safety competes with three 
other major goals when building and maintaining road infrastructure (engineering of the 
environment):  

- Performance 

- Efficiency 

- Environmental sustainability 

While their weighting of the four goals is arguable, they all are self-evidently important and 
must be taken into consideration. Thus, all countermeasures should be assessed at least by 
their general effect on these goals.  

Another example of co-existing goals stems from the vehicle engineering perspective: The 
safety of vehicles is strongly related to other factors influencing the decision of vehicle 
buyers. Countermeasures affecting safety have therefore also effects on other factors like 
costs, reliability, noise and emissions, recycling, comfort, consumption, the general traffic 
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situation and performance of the vehicle (Seiffert & Wech, 2003). These interdependencies 
are illustrated in Figure 67. 

 
Figure 67 – Conflicting demands of vehicle buyers  

If safety was the exclusive criterion for vehicle buyers, the vehicle manufacturers would 
optimise the vehicle with regard to safety aspects only. That would certainly result in smaller 
vehicles with lower speeds, smaller masses, etc. like the Local Runabout mentioned above. In 
reality, the other goals impede such vehicle designs. However, the other goals mainly have 
negative consequences on safety; solutions with positive effects on both safety and other 
goals are generally possible. An example would be the limitation of vehicle speed which 
would have positive effects not only on safety but also on the costs, the reliability, noise and 
emissions, the fuel consumption. In contrast to that it would negatively affect the emotional 
factor, the performance and also the comfort of short travel times. 

It is also the following example of air pollution (carbon dioxide and other emissions) which 
shows, that already the only qualitative assessment of external effects is very complex. Air 
pollution by road traffic has become a recognised health problem for all road users. The link 
between increased road traffic and increased incidents of respiratory illness has been testified 
by many different studies (Davis, 2001). The main pollutants are carbon dioxide and 
monoxide, hydrocarbons, nitrogen oxides particulates and tropospheric ozone (ibid.).  But 
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how may countermeasures of pedestrian safety have an effect on air pollution and hence, on 
the safety and health of people? For instance, the following impacts are possible: 

- Additional pedestrian safety systems and equipment leads to higher vehicle masses 
and thus to increased fuel consumption and emissions. 

- Adapted vehicle front design may affect the air drag coefficient which again 
influences fuel consumption and emission, favourably or unfavourably. 

- Speed reduction, for example by traffic calming, has generally a positive effect on the 
reduction of emissions. However, the traffic calming has to encourage a smooth 
velocity plot. 

Although the previous examples address traffic safety in general, the conclusions apply also 
to pedestrian safety. The necessity of considering external effects of pedestrian safety is 
supported by the following quotation from Kronborg & Ekman (1995): “One cannot only 
focus on safety. Comfort and delay for pedestrians are also important factors to take into 
consideration” (ibid, p.4). 

While negative external effects of countermeasures should be avoided or reduced, positive 
external effects can be prudently utilised as a further – or even the decisive – incentive to push 
the acceptance of the countermeasure. A good example is the encouragement of children to 
wear their safety equipment by appropriate emotive design: Combine applications of their 
comic idols with safety features like reflecting stripes for improved conspicuity and they will 
want to have and wear it! 
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5.4 Potentials 

5.4.1 Generally promising approaches 
The previous subchapter has shown a wide variety of contemporary countermeasures of 
pedestrian safety. But what are the most effective and most efficient ones? Which 
countermeasures should be implemented? Since a comprehensive analysis of the cost/benefit-
ratios of single countermeasure is not included within this thesis, this subchapter mainly bases 
upon a summary of different sources.  

Seiffert & Wech (2003, p.7ff.) consider the following factors and activities as the most 
promising starting points for countermeasures on all types of the road as they have already 
been helpful in reducing accident numbers: 

- Customer demand 

- Science 

- Public demand 

- Technology 

- Government legislation 

- Product liability 

- Consumer information 

- Competition among car manufacturers 

- Automotive press reports 

All elements of the list encourage or motivate different initiators. This suggests that a high 
potential lies in the stimulation of the initiators’ motivation. Already moderate efforts could 
thereby trigger powerful countermeasures and increase pedestrian safety considerably. 

While Seiffert & Wech refer to road safety in general, the following three sources recommend 
concrete measures for pedestrian safety. They can be assumed to represent the currently most 
promising approaches and to summarise the suggestions of many other sources. The first one 
of the three is Svensson (1996) formulating the concept of Forgiveness of the traffic system: 
“The traffic environment must allow the road user to make mistakes. Making a mistake 
should not inevitably result in being killed or severely injured”. Within the scope of that, 
Svensson suggests the following “traffic safety principles” (ibid., p.27): 

- All interactions between road users must be performed at low speeds. 

- Good view 

- Easy to make decisions 

- Enhanced attention in critical situations 
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- No feeling of right of way 

- Feeling of responsibility (for others’ life and health, mutually) 

- Equality as the basis for good interaction in traffic 

- Sense of uncertainty about coming events without creating stress 

- Support for a socially acceptable behaviour (the traffic system being the greatest social 
system) 

- Integration (where grade-separated crossing is impossible) “forcing” car drivers to act 
safely 

The second source is the ETSC (1999) suggesting the following key strategies for a safe 
traffic system for VRU: 

- Managing the traffic mix, by separation of different networks and elimination of 
conflicts 

- Creating safer conditions elsewhere for integrated use of road space, by speed and 
traffic management, increased user and vehicle conspicuity, 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 beneficial changes and 
encouraging them in steps they can do to reduce their risks 

- Mitigating the consequences of crashes, through crash protective design and 
encouraging the use of protective equipment 

- Changing priorities in the minds of professionals and policymakers and encouraging 
them to convince the public of the need for change 

The more detailed recommendations for policymakers at local, national and EU level 
comprise a strengthened priority of pedestrian safety in all fields of action, further evaluation 
of accident occurrence and numbers, improved information exchange, the agreement on 
technical guidelines, education of drivers, pedestrian and all people linked to pedestrian safety 
(ibid., p.42). 

Thirdly, the WHO (2004, p.11) denotes the following concrete examples having the highest 
potential for pedestrian safety: 

- Reducing speed in urban areas 

- Separating cars and pedestrians by providing pavements 

- Improving the design of car and bus fronts to protect pedestrians 
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- Well-designed and crash-protective interface between the road infrastructure and 
vehicles 

Among other things, the recommendations above address the following simple but important 
aspect: Accidents between pedestrians and motorised vehicles occur when both intersect with 
each other. Therefore, the intersection points between the vehicle traffic network and the 
pedestrian traffic network are the critical points of pedestrian safety. Where a local separation 
is impossible or unfavourable, temporal separation is needed, for example by signal controlled 
pedestrian crossings. While both have certainly successfully improved the level of safety, 
each year many pedestrians still get injured or die in spite of local separation or at 
installations of temporal separation respectively. Kronborg & Ekman (1995) argue that 
disadvantageous designs cause many pedestrian accidents at network intersections every year. 
They suggest several improvements to contemporary systems indicating a great potential for 
accident reduction. They demand, amongst others, the perception of pedestrians and cyclists 
as individual groups requiring individual treatment, the consideration of comfort and delay of 
control systems to increase their acceptance and the avoidance of unnecessary complexity to 
ensure comprehensibility. But even if having designed a perfectly safe road environment 
which may also forgive human errors, there will still be a number of pedestrian accidents, 
mainly due to wrong decisions or inappropriate behaviour of pedestrians and car drivers, e.g. 
red walking/driving. Education and enforcement, accompanied by proper legislation, will still 
be necessary to fight the burden of pedestrian accidents by all means. These findings of how 
to avoid the dangerous conflicts between pedestrians and other road users can be summarised 
in four steps like illustrated in Figure 68. 

 

 
Figure 68 – Stairs of pedestrian safety – four steps of accident prevention and one of accident mitigation 

The fifth step in the figure addresses the remaining accidents which could not be prevented by 
the steps before. The most promising countermeasure in this context is the engineering of the 
vehicle, especially as the most common pedestrian accident is the head-on passenger-car-to-
pedestrian collisions with the pedestrian receiving the severest injuries by the vehicle contact. 
Appropriate car front design as a part of passive safety can mitigate these injuries. Car front 
design measures are discussed in more detail in the next subchapter. 
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As argued in the statistics part (chapter 3), pedestrian safety in Less Motorised Countries 
(LMC) has to be treated individually. Due to the heterogeneous distribution of pedestrian 
safety throughout the world, countermeasures for HMC can not directly be transferred to 
LMC without modifications. Adapted or newly-developed policies and technologies are 
needed (Mohan & Tiwari, 2000, p.155). Furthermore, Mohan & Tiwari (p. 159) point out that 
today’s LMC are not similar to yesterday’s HMC, as, for instance, some of the new 
technologies like modern motor vehicles do exist in LMC forming a very heterogeneous 
mixture of safety protection standards. Altogether, an individual approach and more specific 
studies are needed for the pedestrian safety situation of LMC. 

 

5.4.2 Focusing on passive safety: car front design 
Already Ashton & Mackay (1983, p.125) have highlighted that “vehicle design has a major 
influence on the severity of the injuries sustained by the struck pedestrian”. With regard to the 
situation in developing countries they concluded their paper by pointing out that “the benefits 
from pro-pedestrian car exterior design – for the many countries of the world pedestrian 
casualties are numerically as important as car occupant casualties – are equal to or greater 
than the benefits from the provision of passive restraints or the mandated use of active 
restraints for occupants” (ibid.). It was also not later than 1983 when Ashton & Mackay 
claimed that “sufficient (was) known to enable vehicles to be designed which (were) less 
likely to cause serious injury to pedestrians” (ibid., p.119).  

The negative safety characteristics of front protection bars (bull-bars) were already mentioned 
in the statistics part (chapter 3.3.3). They are probably the last years’ most popular example of 
car front design having a considerably negative impact on pedestrian safety. Today the use of 
bull-bars is both controlled by EU legislation (European Commission, 2005) and partly 
accepted as unnecessary extra risk for pedestrians in traffic. However, still many SUVs are 
equipped with bull-bars only due to optical reasons. The bull-bars example shows that in 
some cases education and encouragement alone are not sufficient to cease special accident 
risks and have to be supported by legislation and corresponding enforcement. 

The unacceptable additional risk for pedestrians caused by hood ornament or other non-
functional equipment has also been reduced by forbiddance or modified design, e.g. flexible 
emblems of the make of the car. 

After those obvious danger areas had been mitigated, the focus of safe car front design moved 
towards a holistic view on the outline and the components of the car front. Recent analyses of 
the pedestrian’s course of motions and main areas of contact with the car front, like provided 
in chapter 4, suggest a generally modified car front design and/or appropriate protection 
systems, the latter particularly when thorough design modifications are impossible or 
unfavourable. Different concepts of car front protection systems enhancing pedestrian safety 



 97

have been developed. They can be classified into active protection system, passive protection 
system and reversible active systems. Figure 69 shows an example of an active system 
installed on the car front compared to a standard car front.  

 

Figure 69 – Standard car front (left) and equipped with active bonnet and bumper system (right) 
(Hoffmann et al., 2002) 

Hoffmann et al. (2002) argue that active protection systems yield the advantage of allowing 
car manufacturers to increase pedestrian safety without affecting other areas of vehicle design. 
Table 12 illustrates important advantages and disadvantages of the three different approaches. 
Each approach has unique advantages. The price level and the purpose of the vehicle as well 
as the individual circumstances may decide on the respective optimal solution.  

Approach of passive safety Advantages Disadvantages 

Active protection systems +  No restrictions to car design 
+  Fast activation 

–  Costs 
–  Reliability 

Passive protection systems +  Low costs 
+  Reliability (mechanically 
 engaged) 

–  Design restrictions 

Reversible active systems 
(Adaptable Car Structures, 
ACS) 

+  Reducing the costs of false-
 alarm activations being 
 triggered by other events than 
 pedestrian collisions 

–  Costs 
–  Weight 
–  Complexity 

Table 12 – Advantages and disadvantages of different approaches of passive safety 

Howsoever the protection of the pedestrian is implemented; a variety of design restrictions for 
the single collision events should be taken into account. General problems are the insufficient 
clearances between the bonnet and the uppermost, stiff engine components (as for example 
highlighted by Hahn, 2001). Analysing the HIC values of head impactors, Zellmer & Glaser 
(1994) found that the usual clearance of 20 mm must be extended to not less than 70 mm to 
ensure HIC values of below 1000 for the impact of an adult head and for a collision speed of 
the vehicle of 40 km/h. The necessary clearance for a child head impactor is 50 mm. 

Shah et al. (2000) recommend several design requirements to the front of passenger cars. 
They are illustrated in Figure 70. Some of the recommendations refer to the leg impact into 
the bumper region: 
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- Bumper foam 20 to 30 mm thicker 

- Bumper bigger in vertical direction 

- Bonnet leading edge no higher than 650 mm 

- Perpetuation of current trend for a soft, streamlined appearance 

- Avoidance of hard points across the full width of the bonnet leading edge 

- Avoidance or re-design of SUVs 

Other recommendations apply to the head impact onto the bonnet: 

- Avoidance of larger (height > 10 mm) bonnet styling features like air intakes 

- Need for 75 mm under-bonnet clearance 

- Lowering of under-bonnet components or lifting or bonnet 

- Higher, rounder shape where possible (feasible for family cars, difficult for sports 
cars) 

 
Figure 70 – Schematic of recommendations for pedestrian safety (Shah et al., 2000) 

Additionally, Shah et al. point out that “the more challenging locations, such as wiper 
spindles, bonnet hinges and latches, and headlamps, present serious difficulties.” A satisfying 
level of passive safety in these areas might “require some step changes in technology and 
extensive development”. 

While the pedestrian-friendly-car-front design certainly promotes pedestrian safety in HMC, 
the design of passenger cars probably provokes much lower effects in LMC due to the higher 
involvement of trucks and buses in pedestrian accidents (Mohan & Tiwari, 2000, p.158). 
Suggested countermeasures are design modifications concerning the conspicuity, the lighting 
arrangements and the fronts of trucks and buses. The greatest effect however is expected from 
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speed control measures which are of particularly importance for LMC. They should be 
accompanied by traffic calming measures in urban areas taking into account the special mix 
of road users different to that of HMC. 

LMC should not only learn from the HMC, which feature quite different safety situations and 
vehicle types, but from other LMC sharing similar problems. Successfully implemented 
countermeasures of one LMC should more often be used as a role model for others. LMC 
need their own institutions employing experts who focus their work on the special situation of 
LMC (Mohan & Tiwari, 2000, p.163).  

 

5.5 Results 
As the results show, the general problem of countermeasures against pedestrian accidents is 
the problem of motivation. Drivers do indeed not want to get into the encumbering situation 
of an accident with a pedestrian. Still, as the personal risk of doing so is considered as 
negligible, the willingness to spend money on countermeasures for another person’s sake is 
rather low. The only way out of this dilemma seems to be the intervention by governmental 
institutions which must force automotive manufacturers to equip their cars with adequate 
safety devices as well as enforce or encourage drivers to demand and drive those safer cars. 
This need of legislative support and the associated integration and responsibility of the state is 
presented and discussed in the following chapter. 
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6 LEGISLATION AND THE EURONCAP PEDESTRIAN TEST 
As argued in the last chapter, the legislative power bears a key responsibility in the field of 
pedestrian safety. The protection of pedestrians in road traffic belongs to the merit goods 
requiring the intervention of the state to guarantee the provision of necessary means. 

Legislation is the classical effective instrument by which the state is able to manipulate and 
control the rules and habits of the people. This chapter deals with different kinds of 
municipal/regional, national and supranational regulations which affect the behaviour of at 
least one of the initiators of countermeasures and which are dedicated to the manifestation and 
increase of pedestrian safety.  

After having a look on the historical context of road traffic legislation, it is discussed how 
legislation can be linked to the system human-vehicle-environment as well as to the five kinds 
of countermeasures. The main part of this chapter deals with the shift of emphasis in both the 
geographical limits of legislation and the formal way of legislation. This leads to the last part 
focusing on European directives concerning pedestrian protection. 

The following subchapter will mainly stick to German examples of legislation as the author is 
not sufficiently familiar with the legislation of other countries. The latter will be mentioned 
but without claiming to be exhaustively. A further restriction regards legal regulations on the 
regional level: National legislation is often extended by regional and municipal regulations. 
They yield the necessary scope to adjust ”higher” legislation on the special needs and 
challenges of the respective municipality or region. The whole process of legislation and 
implementation is often much more efficient than on the national level. Positive effects of 
legislation become measurable much earlier. Therefore, the importance of regional legislation 
should not be underestimated. However, due to its great heterogeneity and number as well as 
its dependency on national and supranational legislation, this chapter excludes regional 
legislation from the analysis and concentrates on the national and international legislation. 

 

6.1 Traffic legislation in the context of road traffic safety 
According to Seiffert & Wech (2003), legislation has a strong influence on traffic safety. First 
examples of traffic safety legislation were introduced not later than 1832, when England 
imposed requirements for a steam-powered bus with respect to accident performance. In the 
year 1909, Germany launched a proposal for a liability law for the use of vehicles. 

The fact that legislation is not regarded as a further kind of countermeasure, i.e. does not 
belong to the Five E’s, does not reflect its inferior importance. On the contrary, legislation is 
both the basis of the Five E’s and the most crucial instrument for their manipulation. 

As illustrated in Figure 71, legislation empowers all kinds of countermeasures, however with 
different magnitudes. Today the most important one is enforcement which is the executive 
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counterpart of legislation and ensures its implementation and obedience. It is well understood 
that legislation is ineffective and powerless without proper enforcement. Enforcement, as it is 
conducted by the traffic police, is naturally mainly confined to traffic legislation, particularly 
to the supervision of road traffic regulations.  

 
Figure 71 – Legislation, affecting the human, the vehicle and the environment, empowers the Five E’s 

Before road users are able to obey certain regulations, they have to know them. Therefore, 
road users have to learn the rules being defined by legislation. This clarifies the importance of 
education, all the more as already young children, mainly as pedestrians, participate in traffic 
and have to be familiar with basic rules. A classical example of education-aimed legislation is 
the driving school. Legislation has also an important triggering effect on engineering which 
depends on legislative requirements concerning road safety and vehicle safety. 

Encouragement and evaluation are mostly indirectly affected by legislation. A tax law 
providing tax reduction for safer cars, for example, would give car buyers a further incentive 
to opt for safer cars. A parliamentary decision envisioning an in the long run fatality-free 
transport system, like the Swedish “Vision Zero”, would force the ministry of transport and its 
administration to diligently analyse each single road fatality to be able to avoid it in future. 
That would be an example for evaluation-triggering legislation. While the effect of legislation 
on countermeasures of encouragement has long been underestimated, it plays a key role in 
present European safety directives (compare chapter 6.3).  

Not only traffic legislation but also non-traffic legislation may have decisive effects on 
pedestrian safety, even if these effects occur indirectly and unintentionally. An example 
would be the extension of shopping times of the retail industry: Customers would be 
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encouraged to change their shopping habits, go to the malls later in the evening, shift the 
shopping in the weekends and possibly use other means of transport. This again would 
influence the modal split and the distribution of traffic flows over the week. The fracture of 
pedestrian traffic and its temporal occurrence, however, are in turn closely related to 
pedestrian safety. A second example is the law forcing children to attend a primary school 
also ensuring a proper education in basic traffic rules.  

In addition to the effects on the Five E’s, legislation defines the key rules or requirements for 
the three application areas human, vehicle and environment. In Germany, the most 
important examples for the respective application areas are the “Straßenverkehrs-Ordnung” 
(StVO, German Road Traffic Regulations), the “Straßenverkehrszulassungsordnung” 
(StVZO, German Regulations on the Admission of Vehicles) and the various “Richtlinien für 
die Anlage von Straßen” (RAS, German Guidelines for the Design of Roads). The latter are 
published by the “Forschungsgesellschaft für Straßen- und Verkehrswesen” (FGSV, German 
Road and Traffic Research Association). In Sweden, the human factor is addressed by the 
Trafikförordning (1998:1276), the vehicle by the Fordonslag (2002:574) and the 
Fordonsförordning (2002:925) and the road environment by the Väglag (1971:948) and the 
Vägmärkesförordning (1978:1001)17. 

 

6.2 Benefits and limitations of international legislation 
Classically traffic legislation is made on the national level. The German and Swedish 
examples have already been introduced above. Both sets of national examples have the same 
main purpose: to enable efficient and environment-friendly transport while ensuring the safety 
of all participants. On the one hand, national legislation is quite efficient and powerful due to 
the authority of the state being able to establish an adequate system of enforcement and 
surveillance. On the other hand, national legislation is impaired by two points: Firstly, 
unilateral and outstanding pioneer work in road safety often creates competitive 
disadvantages for the national economy and disadvantages of location altogether. Secondly, in 
the particular case of Europe and the European Union, the member states have transferred a 
portion of their legislative authority to the European Parliament. Because of that many 
national decisions are already restricted by European legislation and may not be able to attend 
to specific national problems thoroughly. 

Due to the shortcomings of national legislation concerning pedestrian safety, supranational 
efforts seem to be reasonable. In fact, there is already a variety of international treaties and 
declarations with relevance for the pedestrian, for example:  

- the Convention on Road Traffic, Vienna 1968, amended 1993, by the United 
Nations Economic Commission for Europe (UNECE) 

                                                 
17 The official website for the Swedish legal regulations is http://www.notisum.se. 
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- the Ottawa Charter for Health Promotion, adopted at a World Health Organisation 
conference held in Ottawa, Canada, in 1986 

- the Delhi Declaration on the Safety of the Vulnerable Road User, adopted at an 
international Conference on Road Safety held in New Delhi in 1991. 

While those examples do not exclusively relate to the pedestrian, this is done by the 
European Charter of Pedestrians’ Rights18, adopted by the European Parliament in 1988. 
Among other things, the charter postulates: 

- “The pedestrian has the right to live in a healthy environment and freely to enjoy the 
amenities offered by public areas under conditions that adequately safeguard his 
physical and psychological well-being.” (first article) 

- “The pedestrian has the right to live in urban or village centres tailored to the needs of 
human beings and not to the needs of the motor car and to have amenities within 
walking or cycling distance.” (second article) 

- special protection of children, the elderly and the disabled by adequate city planning, 
special measures increasing independent mobility 

- well-integrated pedestrian precincts 

- limited levels of noise and air pollution 

- appropriate speed limits and layouts of roads and junctions 

- banning of advertising encouraging improper and dangerous use of motor vehicles 

- effective system of road signs also suitable for the blind and deaf 

- specific measures for vehicular pedestrian traffic 

- pedestrian-friendly adjustments to the shape and equipment of motor vehicles 
(article VI., sentence h)  

- introduction of the system of risk liability, i.e. that the person creating the risk bears 
the financial consequences thereof (as it had been implemented in France, for 
example, since 1985) 

- education of drivers on VRU  

- the right to complete and unimpeded mobility through the integrated use of the means 
of transport: adequate public transport service, bicycle facilities in urban areas, 
adequate placement of parking lots 

- comprehensive information on the rights of pedestrians already of schoolchildren 

 
                                                 
18 Resolution of 12 October 1988 on the protection of pedestrians and the European charter of pedestrians’ 
rights, in OJ C 290 of 14.11.88, p.51 
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However, the decisive question – often also the main problem – of these international treaties 
and charters is their obedience by the respective addressees. Their implementation, their 
practical appliance as well as their relevance often depreciate the noble words of the 
agreement texts. This shows that legal creativity has to be accompanied by executive power to 
ensure the obedience for the law or the agreement. The adopted measures and directives are 
not compulsory as no executive power exists.  

It shall be pointed out that such agreements, lacking the existence of a corresponding control 
and enforcement system, are also possible on the national level. One example is the 
Australian Pedestrian Charter19 being the product of the National Pedestrian Summit held 
in Sydney on 23rd and 24th September 1999, published by the Pedestrian Council of Australia. 
Except for pedestrian safety, the Australian Pedestrian Charter also comprises accessibility, 
sustainability and environment, health and wellbeing, (safety and) personal security and 
equity. 

In addition to the lacking control and sanction system, a further problem is that, in some 
cases, these legislative texts seem to be known only by special interest groups but not by a 
distinct portion of the people who are the targets of the agreement.  

Legislation – or more general: the agreement on certain rules – on both the national and the 
international level suffers from decisive shortcomings. While, especially for the European 
countries, the internationality of road safety legislation has partly already become reality, the 
problem of the not sufficiently existing control and sanction system has not been overcome 
yet. The next subchapter describes a more recent approach to solve the mentioned problems. 

 

6.3 A new approach in Europe: The EuroNCAP pedestrian test 

6.3.1 Idea and concept 
As illustrated in the last subchapter, the key problem of legislation is that enforcement is 
either restricted to the national level or not existent at all, and hence incapable to ensure the 
implementation of the agreement. As both disadvantages cannot completely be evaded, 
alternative approaches should be discussed. One solution is the focus on another kind of 
countermeasure, for instance a shift from enforcement/forbiddance to encouragement. 

This new approach applies directly to the consumers and their buying decisions which have to 
account for vehicle safety imposing pressure on the car manufacturer to design safer cars. The 
basic principle is motivating the consumers by testing vehicles and publishing the results 
while taking advantage of the competitive environment among the car manufacturers. In 
addition to the encouragement, the design of safer cars may still be supported by appropriate 
legislation where supportive or necessary. The European New Car Assessment Programme 

                                                 
19 http://www.walk.com.au/pedestriancouncil/page.asp?PageID=107&SiteID=1 
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(EuroNCAP) and some international counterparts have implemented these new ideas and 
perspectives.  

Their advantages can be summarised like that: Intelligent vehicle safety legislation does not 
point out specific design requirements but performance criteria which have to be met in 
defined tests. This approach stimulates the creativity of engineers and the competition of 
different ideas (Seiffert & Wech, 2003, p. 11). 

The EuroNCAP website itself answers the question why not exclusively using the legislation 
approach with the following advantages of EuroNCAP: Firstly, “legislation only sets a 
minimum compulsory standard whilst Euro NCAP is concerned with best possible current 
practice.” Secondly, “progress with vehicle safety legislation can be slow, particularly as all 
EU member States’ views have to be taken into account.” EuroNCAP is a single institution 
and thus more efficiently in this matter. Thirdly, “once in place, legislation provides no 
further incentive to improve. Euro NCAP provides a continuing incentive.” 

 
Figure 72 – Key elements of the NCAP concept  

Altogether the new concept does not substitute legislation but extends it by a distinct 
encouragement aspect while concentrating the application of the countermeasures on the 
vehicle. These modifications of Figure 71 are illustrated in Figure 72 highlighting the key 
elements of the NCAP concept. 

 



 106

6.3.2 History and mode of operation 
Already the Maastricht Treaty from 1993 establishing the European Union –  in 1999 
amended by the Treaty of Amsterdam – postulated “measures to improve transport safety” 
which should “be pursued by the member states within the framework of a common transport 
policy” (Title V Transport, Art. 70f.; found in Eurostat, 2003, p.9). This proves the early 
political awareness of the pedestrian safety problem on the European level. But what have 
been the major steps towards the introduction of the EuroNCAP pedestrian tests?  

The theoretical background of the pedestrian impactor tests were defined by the European 
Enhanced Vehicle-Safety Committee (EEVC) which was founded in 1970 in response to 
the US Department of Transportation’s initiative for an international programme on 
Experimental Safety Vehicles (ESV). The EEVC consists of a Steering Committee and 
several Working Groups bringing together technical experts for special safety topics. The 
EEVC is funded by national governments, the European Commission and also other sources. 
Pedestrian Safety is discussed in the Working Group 17 (WG17) continuing the work of the 
Working Group 7 and the Working Group 10 (WG10) having been started already in 1980s. 
Already the WG10 defined testing methods for the passive safety of passenger cars in frontal 
pedestrian collisions (EEVC, 1994). The WG17 reviewed the EEVC WG10 pedestrian 
protection test methods and criteria from 1994 and proposed possible adjustments taking into 
account new advancements in accident statistics, biomechanics and test results. The results 
were published in the end of 1998 (EEVC, 1998) being updated in 2002.  

 
Figure 73 – Requirements for pedestrian protection testing (Seiffert & Wech, 2003, p.229; from Kallikske, 
2001) 

The EuroNCAP was founded in 1997 by the FIA. Today EuroNCAP is located in Brussels 
and receives support from the EC, several national governments and private organisations. 
The pedestrian testing methods are substantially based on the EEVC specifications which are 
comprehensively described in the Annex II, Parts A and B, of EEVC (1998). Figure 73 
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provides an overview on the test requirements. The EuroNCAP Pedestrian Testing Protocol 
(EuroNCAP, 2004) defines the specifications of the four subsystem tests of lower leg, upper 
leg, child head and adult head. Originally, minor deviations comprised for example the 
specified head impact points which can be located on the windscreen in the EuroNCAP test 
while the EEVC test only applied to the bonnet area. At the moment, however, the EEVC is 
revising the test procedures, in particular concerning the protection of head injuries against A-
pillar and windscreen (EEVC, 2005) documenting the continuous advancement of the testing 
specifications. The same development is observable for the EuroNCAP specifications: The 
present Pedestrian Testing Protocol (EuroNCAP, 2004) comes in version 4.1. 

The EuroNCAP pedestrian testing protocol evaluates the most hazardous areas of the vehicle. 
Specially designed pedestrian impactors are fired at those areas simulating 40 km/h 
(25 miles/h) collisions with adults and children. Four different tests are conducted: 

- Leg impactor against the bumper 

- Upper leg impactor against the front edge of the bonnet 

- Child head impactor at different points on the bonnet 

- Adult head impactor at different points on the bonnet 

The head impactors are tested at six different locations each, the leg impactors at three, 
resulting in 18 impacts totally. Sensors inside the dummy parts record the impact severity. 
The results are used to rate each car (SaferCarGuide.com, 2004). The main contents of the 
EuroNCAP pedestrian testing is illustrated in Figure 74. 

 

     
Figure 74 – EuroNCAP pedestrian testing: possible impact points (left) and the four impactors (right) 
(Source: EuroNCAP, 2005) 

The EEVC report from 1998/2002 did not only constitute the basis for the EuroNCAP 
Pedestrian Testing Protocol, but also for the EU Pedestrian Protection Directive 
2003/102/EC (EC, 2003) which was adopted by the European Parliament and Council on the 
17th of November 2003. The directive amended the Directive 70/156/EC (EC, 1970) regarding 
the type-approval of motor vehicles. The main contents of Directive 2003/102/EC is the 
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multi-stage restriction of vehicle-type approval in 2004, October 2005, September 2010 and 
December 2012 with increasing regard to pedestrian protection. The directive was amended 
by Directive 2004/90/EC, adopted on the 23rd of December 2003, adding technical 
prescriptions for the implementation of Article 3 of Directive 2003/102/EC20. 

6.3.3 Test ratings 
One present example of a EuroNCAP pedestrian test rating is illustrated in Figure 75. The 
test was conducted in 2005, the vehicle type is allowed for registration in Europe in 2006. The 
figure shows the overall rating (two of four stars), a photograph of the tested passenger car 
and the detailed test ratings for the single areas on the car front. The four different test areas, 
bumper, bonnet leading edge and impact areas for the adult as well as the child impactor. 

 
Figure 75 – Example rating of EuroNCAP pedestrian test for randomly selected actual passenger car 

Until November 2005, the EuroNCAP tests for occupant and pedestrian safety have 
successfully been carried out on 215 different passenger cars (some more for occupant safety 
only). The accumulated ratings are illustrated in Figure 76. For the illustration, the five-stars 
rating system for occupant safety and the four-stars rating system for pedestrian safety have 
been transformed into percentages: 100% corresponds with a maximum star rating. The 
results show that the average pedestrian ratings in each vehicle category are significantly 
poorer than the average occupant (front/side impact) rating. The pedestrian ratings range from 
less than one third to about two thirds of the occupant ratings, the weighted averages are 42% 
versus 73%. If assuming that the test criteria are comparably strict for both tests, the tested 
vehicle fleet still features high potentials in the improvement of passive pedestrian safety. 
Although EuroNCAP points out that the results of different vehicle categories should not be 
compared with each other, the accumulated ratings at least indicate that especially smaller and 

                                                 
20 http://europa.eu.int/comm/enterprise/automotive/directives/vehicles/dir2003_102_ce.htm 
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lighter vehicles feature above-average pedestrian protection while larger vehicle types have 
the greatest differences between occupant and pedestrian safety. 

Accumulated EuroNCAP pedestrian ratings compared to overall ratings
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Figure 76 – Accumulated EuroNCAP results for the pedestrian test and the impact tests 

 

6.3.4 Comparison with further NCAPs 
New Car Assessment Programmes (NCAP) like EuroNCAP have been established in different 
regions of the world. The counterparts of EuroNCAP are U.S.NCAP and IIHS (Insurance 
Institute for Highway Safety) in the USA, ANCAP in Australia and the Japanese JNCAP. 
Table 13 provides a comparison of the different scopes of the NCAPs in the year 1999. As 
the figure shows, the EuroNCAP was the first programme which introduced pedestrian 
bodyform impacts as one part of its test procedures.  

In 1978, the National Highway Traffic Safety Administration (NHTSA) was the first to 
introduce a vehicle crash test programme which is referred to as NCAP. Their United States 
NCAP (USNCAP) was based on the Occupant Crash Protection Protocol (FMVSS 20821) and 
started with full frontal impact only. Side impact and rollover tests were added in 1997 and 
2001, respectively. Still, USNCAP does not contain any pedestrian tests. The USNCAP 
exclusively concentrates on occupant protection (NTHSA, 2005). 

The IIHS provides another American NCAP version. The IIHS started testing in 1995 and, 
since then, have introduced different occupant protection tests but, as the USNCAP, have not 

                                                 
21 “Federal Motor Vehicle Safety Standards (and Regulations)” by the US Department of Transportation 
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integrated any pedestrian testing so far (IIHS, 2005). Because of that, both American NCAPs 
are of minor relevance from the perspective of pedestrian protection testing.  

 EuroNCAP USNCAP IIHS ANCAP JNCAP 

Rigid wall full 
frontal impact - 56 km/h 

H III   H III - 56 km/h 
H III   H III 

55 km/h 
H III   H III 

Offset deformable 
barrier (EEVC) 
frontal impact 

64 km/h 
H III   H III 
P3   P1½ 

- 64 km/h 
H III 

64 km/h 
H III   H III 
P3   P1½ 

64 km/h 
H III   H III 

Mobile barrier side 
impact 

50 km/h 
EEVC barrier 

EuroSID I 
P1½   P3 

62 km/h 
crab barrier 

SID 
SID 

- 

50 km/h 
EEVC barrier 

EuroSID I 
P1½   P3 

50 km/h 
EEVC barrier

EuroSID I 

Side pole impact 
29 km/h 

flying door 
EuroSID I 

- - - - 

Pedestrian 
bodyform impacts 

40 km/h 
adult head 
child head 
upper leg 
lower leg 

- - - - 

Source: Automotive News, 2000 

Table 13 – Scope and content of worldwide New Car Assessment Programmes in the year 1999 

The Australian NCAP (ANCAP) started in 1992. In the beginning, it was based on the 
U.S.NCAP specifications, only comprising a full-width frontal barrier test. Later, it integrated 
further tests based on the EuroNCAP and the IIHS programme. In 1999, ANCAP fully 
adopted the EuroNCAP test and assessment procedures. The pedestrian test, however, does 
not contribute to the overall rating but is conducted separately (ANCAP, 2005). 

The Japanese National Organisation for Automotive Safety and Victim’s Aid (NASVA, also 
abbreviated as OSA) introduced a Japanese NCAP (JNCAP), known under the name of 
“New Car Assessment Japan”. The first tests were conducted for cars of the model year 1996. 
Since a wide revision of the testing procedures in 2001, three occupant protection tests have 
been performed. A pedestrian head protection performance test was introduced in 2003. 
However, the pedestrian tests only comprise head impactor test for adults and children 
(NASVA, 2005). 

The comparison of the existing NCAPs shows that, in spite of the subsequent introduction 
compared to the U.S.NCAP, the EuroNCAP has been used as model NCAP for some other 
programmes. This documents EuroNCAP’s leading role when it comes to pedestrian 
protection. It is therefore justifiable and sensible to link the discussion about shortcomings 
and limitations as well as about possible advancements and modifications of the NCAP to 
EuroNCAP. 
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6.3.5 Criticism on the pedestrian legislation and on EuroNCAP 
The criticism on the EuroNCAP pedestrian test and the underlying Pedestrian Protection 
Directive 2003/102/EC does mainly not refer to the new approach itself but more on the 
testing methodology or the concrete specifications of the single impactor tests. Yang & Liu 
(1999, p.205) for example argue that “interactions of car-front parameters to responses of 
different body segments can not be detected by such tests”. 

Ford developed a humanoid model, described in Koch et al. (2002) predicting the trajectories 
of the head, pelvis, knee and ankle with a validity very close to cadaver tests. The model 
enables simulations of pedestrian accidents with collision speeds up to 39 km/h. Koch et al. 
consider their model as much more suitable for assessing real world injury mechanisms than 
the EEVC-subsystem tests which lacks the possibility to “assess the influence of initial injury 
mechanisms on subsequent injury mechanisms and trajectories”. In other words, the weakness 
of the EuroNCAP impactor tests is that the test content only refers to single discrete moments 
of the very complex pedestrian-to-vehicle collision. As presented in chapter 4, small 
variations during the first phase of contact can alter the further course of motions 
significantly. Accordingly, small design variations in the bumper/bonnet region may 
determine whether the pedestrian’s head contacts with the bonnet or the windscreen. 

The Enterprise Directorate-General of the European Commissions instructed the British 
Transport Research Laboratory (TRL) to conduct a pedestrian protection feasibility study 
(Lawrence et al., 2004). After the study, different stakeholders (mainly international car 
manufacturers but also institutions like for example the German BASt and non-governmental 
organisations) could comment on the proposals of the Directive 2003/102/EC. Both the 
feasibility study and a summary of the comments (EC, 2004) show that the requirements of 
the directive are mostly regarded as unachievable and necessary to be modified in several 
single points. In spite of that, the general approach of the directive of utilising passive safety 
requirements to increase pedestrian protection is widely accepted. 

As already mentioned in chapter 4.2, a further general disadvantage of pedestrian protection 
by the engineering of new vehicle types is the problem that the replacement of the entire 
European vehicle fleet by new and pedestrian-friendly designed cars could take more than 15 
years, considering the average vehicle life (Neal-Sturgess et al., 2002). 

Altogether, while the approach is generally accepted by the stakeholders of vehicle design and 
pedestrian safety, the debate concentrates on the question which areas of the car front are 
relevant and how exactly the pedestrian impact should be simulated. At the same time, it is 
well understood that pedestrian protection by vehicle engineering is only one of many steps 
towards an increased level of pedestrian safety, though a quite promising one. 
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6.4 Results 
The combination of the EuroNCAP pedestrian testing and the EU Directive 2003/102/EC 
overcomes the typical shortcomings of both non-competitive national legislation and 
powerless international agreements. Traffic safety experts agree on the opinion that the testing 
protocols and the directive generally point into the right direction. However, there is some 
criticism which cannot be rejected. An important point is the question, whether the test 
procedure really meets the main challenges of realistic pedestrian-to-car collisions. There is 
still a certain lack of knowledge about the exact course of motions and the appropriate 
weighting of the underlying factors. New research is necessary which could lead to a 
reconsideration and amendment where necessary.  

Accompanied by new means of simulation techniques, the in-depth analysis of pedestrian 
collisions is considered to be the most promising approach to close the remaining gaps in 
knowledge. The next chapter does not only present its main ideas and concepts but also 
provides several examples of in-depth analyses of real accidents. 
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7 INTERDISCIPLINARY IN-DEPTH ANALYSES: IMPAIR 
In-depth accident investigation is regarded as one of the today’s most promising approaches 
for a deeper understanding of road accidents and thus a further mitigation of their 
consequences.  This chapter provides a short overview of the general idea and concept of 
Interdisciplinary In-depth Analysis (IIA). Its key aspects are firstly the microscopic and 
thorough analysis of one single accident (“in-depth”) and secondly the integration of experts 
of different fields (“interdisciplinary”). These aspects also constitute the principles of the 
research project In-depth Medical Pedestrian Accident Investigation and Reconstruction 
(IMPAIR) representing an example of IIA in the field of pedestrian safety.  

7.1 Motivation and objectives 
The kinematics of HPPCs is still not thoroughly clarified. The available data is either 
unavailable or not sufficiently accurate. Previous methods refer to experiments with dead 
bodies or with Anthropometrical Test Devices (dummies). According to Koch, the leader of 
the German Ford Research Centre (FFA) in Aachen, a living organism with living biological 
tissue reacts totally different compared to a dead body or a dummy. As tests involving living 
pedestrians are however not feasible, the today’s optimal solution are in-depth analyses of real 
life pedestrian accidents (Koch et al., 2003; Weidenhammer, 2003). 

For this reason, Ford initiated the 3-year IMPAIR project in 2001 integrating experts with 
medical and technical backgrounds giving the project the necessary interdisciplinary 
character. 

The purpose of the study is to gain better knowledge about the kinematics and the motion-
sequence of HPPCs as well as the physical stress and other effects on the human body. The 
results shall be taken as a basis for computer simulations of pedestrian accidents. The 
superordinate target is the enhancement of vehicle structures to increase passive safety in 
HPPCs. 

With regard to this purpose, the concrete objectives of the study are (Koch et al., 2003): 

- Collect the relevant parameters describing  the kinematics of pedestrian accidents! 

- Optimise the computer simulation programme!  

- Carry out an on-screen simulation of real life accidents! 

- Identify from the computer simulations the causes for the single injuries! 

- Define improved biomechanical limit values of human tissues! 

IMPAIR and IIA in general represent microscopic analyses of road traffic accidents, in 
contrast to the macroscopic accident statistics. They are complementary to the statistical 
approaches and promising for special purposes like the one described above. 
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7.2 Features and specifications 
The precursor of the IMPAIR project is the German In-Depth Accident Study (GIDAS). 
Already in 1973, the BASt implemented an in-depth accident investigation team at the 
Hannover Medical School. The team, equipped with emergency vehicles, has collected in-
depth data to 20 thousand accidents within the last 30 years. In 1999, the German automobile 
industry took part in the project now called GIDAS. A second team in Dresden was founded; 
the in-depth investigation now also included detailed expert reports about injuries and vehicle 
damages. Since 1999, more than 6,000 accidents have been analysed (GIDAS, 2006). 

IMPAIR was founded in July 2001 as a three-year project and concentrates on pedestrian 
accidents occurring in and around Berlin. In 2003, 77 people were killed in road traffic 
accidents, 30 of which were pedestrians. 

The project is financed by the FFA and involves the DEKRA Accident Research, the 
“Unfallkrankenhaus Berlin” (clinic for accident cases in Berlin), the Clinic for Trauma and 
Reconstruction Surgery at the Ernst-Moritz-Arndt-University of Greifswald and the Unit for 
Passive Safety of the German Federal Highway Research Institute (BASt) 

For every single pedestrian accident, all relevant technical and medical information has to be 
recorded to facilitate the assignment of injury and contact points as the first and decisive step 
of a precise accident reconstruction. This shall be guaranteed by the following procedure: 

In case of an accident with a HPPC in or around Berlin, the rescue control centre alerts an 
employee of the DEKRA accident research unit who drives to the accident scene and collects 
all relevant technical data. The emergency physician documents the pedestrian’s injuries. 
Further diagnoses made in the clinic for accident cases are put on record as well. Provided the 
pedestrian’s agreement, the medical and the technical reports are evaluated by a DEKRA 
researcher reconstructing the accident occurrence and kinematics. The results are discussed 
with and cross-checked by the medical experts before they are used by the FFA as input for a 
computer-aided finite elements model (Koch et al., 2003). 

 

7.3 Limitations 
The first limitation of IMPAIR is the microscopic character of IIA: In-depth analysis yields a 
thorough analysis of different accident related aspects. This requires relative high efforts and 
time per accident. Thus the accident population is restricted to a rather small number or a 
small region weakening the universal validity of the results. The interdisciplinary aspect may 
make the investigation of one single accident even more complex.  

The second limitation is project-specific. To receive an accident pool being as homogeneous 
as possible, IMPAIR integrated only selected – so called utilisable – pedestrian accidents. 
Figure 77 illustrates the various prerequisites of utilisability.  
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Figure 77 – Restricted utilisability of pedestrian accidents for IMPAIR  

 

As the steps show, the pedestrian accident has to meet the following prerequisites: 

- The accident has to be a full head-on collision. 

- The collision velocity has to be at least 20 km/h. 

- The registration year of the vehicle has to be 1995 or later. 

- The pedestrian may not have suffered from extraordinary ailments (e.g. being blind). 

- The pedestrian has to be at least slightly injured. 

- The pedestrian has to be hit in an upright posture. 

- The pedestrian may not have used any technical aid (inliners, scooter, wheelchair). 

- The pedestrian (or a relative) has to give his permission to use the accident data. 

 

All this restrictions lead to an exclusion of a certain portion of pedestrian accidents due to 
their lacking utilisability. In numbers, only about 30 of the over 60 available accidents in 
Berlin could be analysed within IMPAIR. Furthermore, the selection neglects the factual 
variety of pedestrian accidents.  
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7.4 Exemplary IMPAIR cases 
To illustrate the methodology of analysis and reconstruction, this chapter comprises four 
exemplary cases of IMPAIR. They summarise detailed accident reports containing 
comprehensive descriptions of the accident scene, the accident narrative, corresponding 
distances and speeds, the pedestrian and his injuries, the vehicle and its damage as well as the 
first aid response. In addition to that, the reports comprehend the assignment of damages and 
injuries, the reconstruction of the accident occurrence and of the kinematics.  

Case 1 (Figure 78) describes an accident involving a 15-year-old male pedestrian. The 
accident occurred when the pedestrian crossed the street at fast pace and the vehicle hit him 
on his left side. Unfavourable factors leading to the accident were that, firstly, the pedestrian 
was running and not paying sufficient attention to traffic, secondly, the pedestrian was 
masked by a waiting bus and thirdly, the driver was preparing for a left turn and hence 
probably distracted. Due to the rather low collision velocity, the pedestrian was only slightly 
injured on his left side. There was no head impact on the car and a short throwing distance. 

Involving a 13-year-old boy the accident of case 2 (Figure 79) was quite similar to the first 
one. The accident occurred when the pedestrian was about to run across the street and the 
vehicle hit him on his left side. Unfavourable factors were that, firstly, the pedestrian was 
carrying a ball and not paying sufficient attention to traffic, secondly, the pedestrian was 
masked by a row of parked lorries, thirdly, the driver was approaching an intersection and 
possibly distracted and fourthly, it was already slightly dusky. As the collision velocity was 
higher than in the first case, the pedestrian impacted the windscreen and received severe 
injuries in his face and his on his left side. The throwing distance was 11 m. 

Featuring an extraordinary high collision velocity, case 3 (Figure 80) led to the death of a 44-
year-old male pedestrian. The accident occurred when the pedestrian walked across the street 
and the vehicle hit him on his left side. Unfavourable factors were that, firstly, the pedestrian 
was obviously not paying attention to the oncoming car, secondly, the young driver was under 
the influence of alcohol, thirdly, the driver was massively overspeeding, fourthly the lighting 
conditions were poor and fifthly, the driver was possibly distracted by an illuminated 
billboard next to the street. The collision velocity was more than 90 km/h. This led to multiple 
fatal injuries in the pedestrian, slight injuries in the driver and considerable damages to the 
car. The pedestrian impacted the upper frame of the windscreen with his head, was hurled 
over the roof and contacted the rear of the car. The throwing distance was 65 m. 

Case 4 (Figure 81) involved a 28-year-old male pedestrian who was killed when running 
across the street. Unfavourable factors were that, firstly, the pedestrian was inattentive, 
secondly, the 62-year-old driver was possibly distracted by other car occupants and thirdly, 
the visibility conditions were hampered by darkness and the wet street. The collision velocity 
was about 60 km/h resulting in a throwing distance of about 30 m. The pedestrian impacted 
the upper frame of the windscreen with this head receiving fatal injuries. 
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Case 1: Renault Megane-Scenic versus 15-year-old male at bus station 

 
Time and weather conditions: Dry February day, 12:40 p.m. 
Reconstructed collision velocities: car: 26-33 km/h, pedestrian: 10-11 km/h 
Throwing distance: 1-2 m   

  
15 year-old male, 177 cm, 60 kg, satchel on his 
shoulder; slightly injured (8 x AIS1) 

Renault Megane-Scenic 1.6 RT, built 1997, crash weight: 1440 kg, blue 
metallic colour; 38-year-old male driver, 34-year-old front-seat passenger 

Reconstructed accident occurrence 
The accident occurred on a straight city road with one lane leading in each direction. The speed limit was set to 50 km/h. The 
driver headed towards an intersection where he was planning to turn left. A bus stop with a waiting bus on the right side and a 
pedestrian refuge island on the left side were located in front of the intersection. The accident occurred when a juvenile 
pedestrian hastily leaped into the street without paying attention to the traffic. As the pedestrian was first masked by the bus the 
driver recognised him too late to avoid a collision. The car was braked directly before the collision occurred. The juvenile was 
loaded onto the bonnet of the Renault, crossed it to the rear left and fell to the ground. While the young pedestrian sustained 
slight injuries, the occupants of the car stayed uninjured.  
 
Reconstructed kinematics 
Already and continuously braking the car hit the running pedestrian on his left side. The first impact was between the car’s front 
bumper and the pedestrian’s left leg. Due to the fast locomotion, the legs, in particular the left one, did not have any contact to 
the ground at the moment of contact. The car’s impulse was therefore mostly transformed into a rotational movement of the left 
leg and thus the whole body, not leaving any deformations nor other marks at the bumper but a haematoma on the pedestrian’s 
left lower leg. The injuries and the subsequent course of motions also suggest that the left leg was the one in the rear in the 
instant of collision. The left knee hit the radiator grill, the left hip dented the front part of the bonnet. After being loaded onto the 
bonnet, the pedestrian slid on his left front side of the upper part of his body towards the rear left area of the bonnet hitting the 
left wiper with his head or his arm.  During sliding across the bonnet the legs followed the rest of the body. The legs were 
probably lifted having received great rotational energy by the first impact. Accordingly the whole body was in a rotary motion 
around the head. In addition to that the translational energy, caused by the pedestrian’s own velocity, resulted in a movement 
towards the left side of the car. Thus, when sliding from the bonnet and falling to the ground, the legs went down first. He left 
vertical wipe marks on the fender with his hands. After the car came to a full stop, the pedestrian lay left of the car in a distance 
of 1 to 2 metres behind it. 

Figure 78 – IMPAIR case 1: Renault Megane Scenic 
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Case 2: Opel Zafira versus 13-year-old male masked by parking lorries 

 
Time and weather conditions: Dry summer day, 8:55 p.m. 
Reconstructed collision velocities: car: 45-50 km/h, pedestrian: 11-14 km/h 
Throwing distance: 11 m 

  
13 year-old male, 154 cm, 48 kg, carrying a ball; 
severely injured (2 x AIS2, 11 x AIS1) 

Zafira-A 1.8 16V, built 2001, crash weight: 1470 kg, bright ivory colour 
49-year-old male taxi-driver, no passenger 

Reconstructed accident occurrence 
The accident occurred on a straight city road with two lanes leading in each direction. Exactly at the collision area the carriage 
way in northern direction widens into four lanes. The speed limit was set to 50 km/h. The driver headed towards an intersection 
controlled by traffic lights, in a distance of about 50 m from the collision area. The accident occurred when a juvenile pedestrian 
leaped into the street without paying attention to the traffic. As the pedestrian was initially masked by a row of three parked 
lorries, the taxi driver recognised him too late to avoid a collision. The car was braked immediately before the collision occurred. 
The juvenile was loaded onto the bonnet of the Opel, impacted the windscreen with his head, left the car above the left front 
corner, fell to the ground, and came to rest at the left roadside in front of the car. The young pedestrian sustained severe injuries 
on his head leading to a hospitalisation. The taxi driver was not injured.  
 
Reconstructed kinematics 
Already and continuously braking the car hit the running pedestrian on his left side. The first impact was between the car’s 
license plate and the pedestrian’s left thigh. Immediately afterwards the left hip dented the front part of the bonnet. The 
contusion on the thigh suggested that the left leg was slightly ahead of the right one in the instant of collision. Furthermore the 
right leg was just being moved forwards introducing a turning moment counter clockwise around the pedestrian’s yaw axis. 
During the subsequent course of motions this made the pedestrian being loaded onto the bonnet with the front side of the upper 
part of his body down. As a reflex action he raised his arms denting the rear part of the bonnet with his two elbows. He smashed 
the windscreen with his left shoulder and in particular the front side of his head. During sliding across the bonnet the legs 
followed the rest of the body. The legs were probably lifted having received great rotational energy by the first impact. 
Accordingly the whole body was in a rotary motion around the head. In addition to that the translational energy, caused by the 
pedestrian’s own velocity, resulted in a movement slightly towards the left side of the car. He was transported and hurled over a 
distance of about 11 metres coming to rest at the left roadside 5 to 6 metres ahead of the car. 

Figure 79 – IMPAIR case 2: Opel Zafira 
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Case 3: Opel Corsa versus 44-year-old male in darkness and at high velocity 

 
Time and weather conditions: Dry and still dark September morning, 5:15 a.m. 
Reconstructed collision velocities: car: 91-94 km/h, pedestrian: 6-9 km/h, throwing distance: 65 m 

  
44 year-old male, 169 cm, 84 kg; fatally injured 
(1 x AIS6, 6 x AIS5), only interior injuries shown 

Opel Corsa-B 1.0, built 1998, crash weight: 1100 kg, red colour 
20-year-old male driver, 20-year-old male front-seat passenger 

Reconstructed accident occurrence 
The accident happened on a straight city road with three lanes leading in each direction. The speed limit was set to 60 km/h. 
The driver passed an intersection with two minor streets. The accident occurred when a middle-aged male pedestrian entered 
the street closely behind the intersection area trying to reach the other side. It remained unknown why the pedestrian had not 
recognised the danger of the approaching car. With overspeeding, driving under the influence of alcohol, unfavourable lighting 
conditions and distraction by a billboard advertisement as a variety of possible negative influences, the driver reacted only when 
the Corsa had already collided with the pedestrian. The collision speed was reconstructed to 91 km/h to 94 km/h. The 
pedestrian was loaded onto the bonnet of the Opel, smashed the windscreen and dented the roof with his head, was lifted over 
the car, and left it on its rear end. He rolled and skidded on the street’s surface coming to rest between the left and the middle 
lane while the Opel had been pulled to the right side of the street. The middle-aged pedestrian sustained fatal injuries and died 
on the spot. The driver was slightly injured and stayed at the hospital for a few hours. 
 
Reconstructed kinematics 
Without braking the Opel Corsa hit the pedestrian on his left side. The first impact was between the bumper and the pedestrian’s 
left lower leg, slightly below the knee. The right lower leg, being slightly ahead of the left one, was also hit by the bumper and 
below the knee. These impacts together caused two physical moments on the pedestrian both acting around the point of the first 
impact but in opposite directions. The first one made the feet being bent under the front spoiler contacting with the spoiler’s 
lower edge. The second one lifted the whole lower part of the pedestrian’s body in the air with the pedestrian being loaded onto 
the bonnet. The left hip and the left side of the upper part of the body impinged into the bonnet’s leading edge and the bonnet 
leaving extensive deformations. At this time the pedestrian must have been in an almost horizontal bearing with the head and 
the legs being slightly above the heavier torso. Now the head smashed into the windscreen severely denting the upper frame 
and the front part of the roof. This collision probably caused the highest acceleration of the pedestrian’s body with great forces 
acting on the head. The impact point of this collision also constituted the fix point of a new rotary motion, this time around the 
pedestrian’s head. Accordingly, while the whole body was lifted onto the roof of the car, the legs rotated around the head 
causing the dent in the rear end of the roof and the traces of blood on the rear window. After having left the rear of the car the 
pedestrian skidded and rolled on the street surfaced in an unknown course of motions before coming to rest about 65 metres 
away from the point of the first impact. 

Figure 80 – IMPAIR case 3: Opel Corsa 
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Case 4: Renault Clio versus 28-year-old male at bus stop in wet street 

 
Time and weather conditions: Wet and dark November day, 9:50 p.m. 
Reconstructed collision velocities: car: 55-65 km/h, pedestrian: 9-15 km/h 
Throwing distance: 25-33 m 

  
28 year-old male, 180 cm, 56 kg, thick clothing; 
fatally injured, only interior injuries shown 

Renault Clio 1.4 RT, built 1991, crash weight: 1080 kg, metallic grey colour 
62-year-old male driver, three back-seat passengers, two of them children 

Reconstructed accident occurrence 
The accident happened on a straight city road with one lane leading in each direction. The speed limit was set to 50 km/h. The 
driver passed a bus stop on the eastern side. The accident occurred when a young man entered the street nearby the bus stop. 
Neither did the pedestrian recognise the danger of the approaching car nor did the driver recognise the pedestrian before the 
collision occurred. Overspeeding, unfavourable sight conditions due to the darkness and the wet street, dark clothing of the 
pedestrian and an obviously inattentive driver were possible factors leading to the accident. The collision speed was 
reconstructed to 55 km/h to 65 km/h. The pedestrian was loaded onto the bonnet of the Renault, smashed the upper frame of 
the windscreen with his head, was lifted over the car and fell onto the street. He rolled and skidded coming to rest several 
metres behind the Renault whose final rest position was located in the bicycle lane close to the right side of the street. The 
pedestrian sustained severe injuries and passed away in the ambulance vehicle on the spot. The driver of the Renault was sent 
to hospital due to a shock.  
 
Reconstructed kinematics 
Without braking the Renault Clio hit the pedestrian on his rear left side. The first impact was between the lower spoiler strip and 
the pedestrian’s right lower leg. Immediately afterwards the left lower leg was hit by the lower spoiler strip as well. With the right 
leg being the supporting leg the body started rotary motions around the centre of gravity lifting the legs in the air and rightwards 
around the vertical axis of the pedestrian. After the backs of the lower legs contacted the bumper, the left headlight and the front 
part of the bonnet, the body was loaded onto the bonnet, skidded towards the windscreen and smashed onto the windscreen 
with the rear left of the upper part of the body and the right arm. The back of the head and the left shoulder collided with the front 
part of the roof. Subsequently the body of the pedestrian rotated around the head and glided in a not exactly reconstructed way 
over the left side of the roof before leaving contact with the car and falling on the street’s surface. The pedestrian skidded and 
rolled on the street over a distance of 11 m to 14 m and came to rest nearby the right bicycle lane 10 m behind the Renault with 
the head directing to the North. Altogether the pedestrian was transported and hurled over a distance of about 25 m to 33 m. 

Figure 81 – IMPAIR case 4: Renault Clio 
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7.5 Examples of statistical findings 
At the time of writing this thesis, 27 IMPAIR accident cases have been analysed. They led to 
six fatally, 18 severely and two slightly injured pedestrians. 17 of the accident victims were 
male, 10 pedestrians female. 

For a verification of the reconstructed accident kinematics of the IMPAIR cases, the relations 
between throwing distances and collision velocities are compared with values of previous 
studies already illustrated in Figure 44. The results of this comparison are illustrated in 
Figure 82. Most of the points are located inside the boundaries identified by Dettinger (1995). 

Throwing distances and collision velocities from the IMPAIR cases 
compared to prior studies found in Dettinger (1995)
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Figure 82 – Throwing distances and collision velocities from 26 IMPAIR cases classified by car front 
categories 
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In addition to that, this figure shall also serve as an example for the advantages of in-depth 
accident investigation like IMPAIR. If using the in-depth information about the vehicle front 
shape for each22 of the cases, the accident cars can be classified into the shape classes “wedge 
shaped”, “medium” and “trapezoid”. The reason for this clustering is the assumption that the 
shape of the car front is – as the collision velocity – an important factor for the resulting 
throwing distance. What are the findings for each category? 

The five cases of category 1 show a strong correlation between collision velocity and 
throwing distance. Caused by the wedge shaped character of the front, the kinematics of the 
accidents can be expected to be rather similar for different pedestrian sizes and postures. The 
rotary motion caused by the leg impact on the bumper is usually absorbed by the bonnet 
hitting the hip or side of the pedestrian as well as the windscreen hitting the shoulder or head. 
While this regularity seems to avoid lower outliers, the throwing distances are slightly lower 
than in the other categories. This could caused by the fact that a considerably share of the 
forces acting on the pedestrian are directed to the top. 

Category 2 includes ten cases also featuring a distinct correlation between collision velocity 
and throwing distance. All but one cases show higher ratios between throwing distance and 
collision velocities than category 1. This may be caused by the higher share of horizontally 
acting acceleration forces in the “medium” front shape category. 

The trapezoid front shape of category 3 shows a relatively irregular dependency between 
collision velocity and throwing distance. The statistical spread might be caused by the steep 
bumper region and different pedestrian sizes and postures. For example, while a running child 
pedestrian, due to his rather low centre of gravity, is solely accelerated horizontally leading to 
a rather short throwing distance, a walking tall pedestrian is brought into a strong rotary 
motion leading to greater throwing distances. 

Altogether, the results indicate that the front shape of the vehicle influences the pedestrian’s 
sequence of motions and hence the throwing distance. Because of the small population size, 
the results and interpretations are only a starting point of further studies and shall mainly 
illustrate the chances and advantages of IIA. 

                                                 
22 One of the 27 cases had to be excluded due to missing information about the throwing distance. 
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7.6 Results 
Both the exemplary cases and the remaining IMPAIR cases prove the importance of the car 
front, in particular its shape, its structure and its stiffness. All accidents involved multiple 
accident causes, the wide majority could have been prevented by better attention of the 
pedestrian. Frequently, the environment provided unfavourable conditions like weak lighting, 
visibility obstructions, wetness, distractions from the traffic situation or from elements at the 
roadside. 

IMPAIR confirmed or revealed some important aspects about HPPCs. The first is that injuries 
in the head and in the legs are the most frequent kinds. Another important finding is that the 
head impact area is very often located on the windscreen or its frame. This has already led to 
an amendment of the EuroNCAP pedestrian testing protocol (EuroNCAP, 2004) and to efforts 
to modify the EU directive (EEVC, 2005). Furthermore, IMPAIR showed that child 
pedestrian accidents feature special kinematics and thus safety requirements on vehicle front 
design. In other words, designs which are quite favourable for adult pedestrians might 
increase the injury risk of child pedestrians (Weidenhammer, 2003). Finally, many IMPAIR 
cases comprised severe injuries caused by the impact on the ground. The difficulties 
concerning that point are firstly, to distinguish injuries caused by the vehicle contact from 
those caused by the ground impact, and secondly, to determine whether – and if so, how – 
certain vehicle components influence the injury risk through ground impacts. 

The data collected within IMPAIR enabled the development of a finite-elements simulated car 
front as well as a family of pedestrian humanoids: a six-year-old child, a short woman and a 
tall man. They shall lead to answers to the questions above. 

In addition to that, the IMPAIR project has produced various findings which are applicable on 
pedestrians, vehicle drivers and street environment “designers” (e.g. the municipalities, the 
road construction and maintenance departments). Many of the following points are taken from 
Weidenhammer (2003). 

Pedestrians should avoid unfavourable behaviour. They should not lose their attention to 
traffic, even if in a hurry to catch a train or bus. They should not underestimate the risk of 
slowly driving vehicles as even collision velocities of 30 km/h often result in severe injuries. 
They should be especially careful in weak lighting conditions and abstain from alcohol. 

Drivers should be aware of the vulnerability of pedestrians. They should direct their full 
attention to traffic and be especially cautious in situations of limited visibility.  

Street environment “designers” should consider that urban pedestrian accidents often occur 
when pedestrians try to cross the street and are masked by other vehicles. They should offer 
safe possibilities to cross the street and avoid visibility obstructions particularly in demanding 
traffic situations when drivers are distracted by other tasks. They should try to separate 
pedestrian traffic from motorised traffic. 
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PART III: CONCLUSIONS 
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8 CONCLUSION AND OUTLOOK 
This chapter summarises the key findings of all of the previous chapters, points out the most 
important conclusions and provides an outlook on possible future proceedings. 

The aim of the thesis was to illustrate the different aspects of pedestrian safety, from the 
accident situation over adequate countermeasures to contemporary and promising future 
efforts in research and legislation resulting in the presentation of an in-depth analysis project. 
What are the main findings and conclusions of the single steps of the thesis? 

Firstly, pedestrian accidents cause worldwide immense personal and social losses. For 
Europe, the EU set several targets to reduce injury numbers until 2010 and agreed on some 
directives to increase pedestrian safety. The criticism on details of these policies and 
directives triggered research efforts concentrating on in-depth accident investigations and 
interdisciplinary approaches. 

Secondly, the definition and classification of the terms “pedestrian” and “pedestrian accident” 
are essential for a profound and thorough analysis of the topic. While the original meaning of 
“pedestrian” as “a person who walks” is similar in many languages, a contemporary 
comprehensive definition of pedestrian is difficult. Pedestrians are road users who feature a 
wide spectrum of different characteristics, from the wheelchair to a running child. The 
classification of pedestrian accidents involves even more influences. The classification 
according to the six criteria accident causation, pedestrian characteristics, accident opponent, 
accident constellation, collision velocity and accident environment illustrates the numerous 
different possible occurrences of a pedestrian accident. 

Thirdly, to draw conclusions about the worldwide distribution of pedestrian accidents and the 
relevance of certain accident types, a statistical analysis was conducted. Statistical results are 
hampered by data quality problems, particularly but not only in developing countries. In spite 
of the low motorisation, the developing countries bear a relatively large portion of the 
worldwide pedestrian fatalities and injuries. The growing population and motorisation level as 
well as the increasing urbanisation in these countries will extend the relevance of pedestrian 
safety in future. The thesis focused mainly on the situation in HMC with high levels of 
pedestrian safety and considerable improvements of the situation in the recent decades. Still, 
the risk for pedestrians to get killed in traffic is only exceeded by motorised two-wheelers. 
The comparison of HMC indicated distinct differences in the characteristic statistics of 
pedestrian safety and identified the level of urbanisation and the rule of the road as possible 
safety criteria. The detailed analysis of pedestrian statistics in selected HMC showed that the 
majority of accidents are caused by a variety of contributing factors. Children were identified 
as the risk group for injuries while the elderly bear the highest risk of fatalities. The most 
relevant factor for the severity of the accident is the collision velocity. Correspondingly, rural 
accidents result relatively often in severe or fatal injuries while urban accidents are much 
more frequent. Unfavourable environmental conditions like darkness or wetness increase the 
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probability of pedestrian accidents. The most frequent type of pedestrian accident is the head-
on passenger car-to-pedestrian collision (HPPC) with the lateral impact of the pedestrian in 
the car front. 

Fourthly, due to their importance, the kinematics and the injury pattern of HPPCs were 
examined in a separate chapter. The collision velocity is strongly correlated to the throwing 
distance of the pedestrian. The most important vehicle components in HPPCs are the bumper, 
the bonnet and the windscreen. A typical collision comprises three phases of vehicle contact 
starting with the first collision when the pedestrian’s lower leg is struck by the bumper, 
followed by the secondary contact when the head impacts the bonnet or windscreen, ended by 
a possible tertiary contact when the legs collide with the roof. This can be succeeded by a 
flight phase and a skidding phase before the pedestrian reaches his final rest position. The 
HPPCs leads mainly to injuries of the head. Further most affected body regions are the lower 
legs for adults and the thighs for children. While the relevance of the ground impact is 
contended, the importance of the windscreen as frequent impact area was confirmed by 
current sources. 

Fifthly, the classification of countermeasures according to the four criteria application area, 
kind, initiator and application time illustrated the manifoldness and diversity of possible 
remedies against pedestrian accidents. A key problem of countermeasures affecting the 
vehicle is that safety is only one of many demands for vehicle buyers. The most promising 
efforts are generally developments which do not only satisfy safety requirements but also 
improve the fulfilment of other demands. While there is a wide variety of efficient 
countermeasures applicable to the human and the environment, vehicle related 
countermeasures are confronted with the general problem that vehicle buyers are usually not 
willing to spend much on safety improvements and devices others benefit from. This leads to 
a need for legislative measures. 

Sixthly, since traffic and also non-traffic legislation has considerable influences on the 
education, enforcement and engineering, the safety improvements of vehicles could be 
demanded by law. The importance of parallel proper enforcement is documented by 
legislative texts lacking authoritative character like several international pedestrian safety 
charters. As the implementation of internationally orientated legislation runs the risk of being 
slow and intricate, the alternative of encouragement promises to be more efficient. That is the 
concept of the EEVC and EuroNCAP. By providing a standardised testing protocol 
comprising pedestrian protection for new motor vehicles they encourage vehicle 
manufacturers to meet the test requirements taking advantage of the market competition. 
While NCAPs exist also in the USA, Japan and Australia, EuroNCAP was the first to 
introduce pedestrian component testing. Although the benefit of the programme is undoubted, 
the testing methods are contended by several experts arguing that single component tests can 
not reflect the kinematics of real life accidents.  
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Seventhly, this criticism was one of the reasons which triggered the start of the 
interdisciplinary in-depth accident investigation project IMPAIR. The main purpose of the 
study is to gain improved knowledge of the kinematics in HPPCs to improve computer 
modelling and testing procedures. IMPAIR comprises only selected HPPCs and thus neglects 
the wide variety of pedestrian accidents. Further disadvantages are the relatively high time 
and effort required by the in-depth analysis per accident. The results, however, confirm the 
complexity of pedestrian kinematics in HPPCs and the dependency of the later phases of the 
accident from preceding motions. They stress the relevance of the vehicle front shape and the 
windscreen as head impact area. The collected data will probably lead to improvements of 
pedestrian crash testing and serve as basis for enhanced computer models and simulations. In 
addition to that, several suggestions for pedestrians, drivers and environment designers could 
be drawn from the findings of the study.  

Finally, the results of in-depth analyses generally enable an advancement of directives, 
legislations, testing methods and safety standards and offer valuable starting points for further 
studies to increase pedestrian safety. At the same, the enormous supply of possible 
countermeasures should be exploited extensively and efficiently for the avoidance and 
mitigation of the various occurrences of pedestrian accidents. A possible long-term 
consequence of the IMPAIR programme could be the development of different pedestrian 
dummies as substitution of the EuroNCAP impactor tests. Alternatively, the testing 
procedures could be completely transferred to computer simulations using finite elements 
humanoids as virtual dummies. 

Future efforts should continue to take advantage from interdisciplinary in-depth research 
projects as they integrate different experts and hence different perspectives while having the 
opportunity to advance to the respective gist of the problem of pedestrian accidents. This 
method promises to gain new and unique knowledge about the problem enabling 
unconventional solutions. If possible, the microscopic approach should be complemented by a 
macroscopic perspective to “dig at the right place”. Still, there is enough potential for 
improvements to reach the EU safety targets for the year 2010. 
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APPENDIX A: THE FIVE E’S 

 

Education 

1. the activities of educating or instructing or teaching; activities that impart knowledge or 
skill [syn: instruction, teaching, pedagogy, educational activity] 

2. knowledge acquired by learning and instruction 

3. the gradual process of acquiring knowledge 

4. the profession of teaching (especially at a school or college or university) 

 

Engineering 

1. the practical application of science to commerce or industry [syn: technology] 

2. the discipline dealing with the art or science of applying scientific knowledge to practical 
problems [syn: engineering science, applied science, technology] 

 

Enforcement 

1. the act of enforcing; insuring observance of or obedience to something 

 

Encouragement 

1. the expression of approval and support [ant: discouragement] 

2. the act of giving hope or support to someone [syn: boost] 

3. the feeling of being encouraged 

 

Evaluation 

1. act of ascertaining or fixing the value or worth of [syn: rating] 

2. an appraisal of the value of something; "he set a high valuation on friendship" [syn: 
valuation, rating] 

 

Source: WordNet 2.0, 2003 Princeton University, partly abridged 
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APPENDIX B: COUNTRY CLASSIFICATIONS 

 

EU-15: 

Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, 
Portugal, Spain, Sweden, the Netherlands, United Kingdom 

 

EU-25: 

[EU-15] + Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, 
Slovakia, Slovenia 

 

MED: 

Algeria, Cyprus, Egypt, Israel, Jordan, Lebanon, Malta, Morocco, Syria, Tunisia, Turkey, the 
Palestinian Authority of the West Bank and the Gaza Strip, (Libya) 

 

IRTAD: 

[EU-15] + Czech Republic, Hungary, Iceland, Norway, Poland, Slovakia, Slovenia, 
Switzerland, Turkey; Australia, Canada, Japan, Republic of Korea, New Zealand, USA 

 

HMC:  

North America (USA and Canada), Japan, South Korea, “Western Europe”, Australia, New 
Zealand (Note: Different contradictory definitions available!) 

 

Developed Countries: 

[IRTAD] + Andorra, Bermuda, Faroe Islands, Israel, Liechtenstein, Monaco, San Marino, 
Vatican City – Czech Republic, Hungary, Slovakia 

 

Source: Wikipedia, 2006 


