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Preface

Knowledge about road safety in the Netherlands is fragmented. That is a good thing,
because road safety should form an integral part of traffic, transport and mobility.
Even before a road is constructed, its safety is already taken into consideration.

So why are we now attempting to cluster all this knowledge? This manual arose
from the pressing need for a comprehensive overview. For aren’t we missing
something as specialists? Do all experts have the same knowledge and perception
of the profession? What about our vision of the future? And if even specialists lack
a complete overview, just imagine the search students have to conduct when they
set out on their studies. So what we need is an exhaustive reference work and
effective study material containing both ‘hard’ technical information about

such aspects as road layout and mechanics and ‘soft’ information on aspects

like influencing behaviour and education.

Who better to write such a book than specialists with hands-on experience in one
of the most traffic-safe countries in the world? Over the past two years, a mixed
group of specialists have dedicated themselves to gathering knowledge and
linking that to a healthy measure of practical experience. I am grateful to the
many authors, reviewers and members of the steering committee, the working
party and the core team, particularly for the level of involvement with which they
acquitted themselves.

My special thanks go to Adriaan Walraad and the NHTV Breda University of
Applied Sciences. It was on the recommendation of the NHTV and under the
authority of CROW that Adriaan Walraad assumed the extensive task of collating
all contributions — some of which he himself wrote — to create this manual. I would
also like to thank the SWOV, the Institute for Road Safety Research. Their dedication
and contributions have helped make this a high-quality manual.

In addition to CROW, the following organisations made financial contributions to this
publication: NHTV Breda University of Applied Sciences, Regional Consultative
Bodies for Road Safety, the Ministry of Transport, Public Works and Water
Management, the Knowledge Platform for Traffic and Transport, and the Fund for
Collective Research.

I hope that this manual, which came about thanks to the dedication of many
professionals, will find a broad basis of support and thus contribute to even greater
road safety in the Netherlands.

CROW
dr. ir. .W. Koster
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Summary

Knowledge about road safety in the Netherlands is fragmented. This manual clusters
all this knowledge. It is aimed, on the one hand, at students and lecturers of traffic
engineering and traffic-related educational programmes at higher professional
education and university levels. On the other hand, it also contains relevant
information for professionals in the fields of traffic, transport and related areas,

as well as for politicians and people from the media who require a certain degree
of knowledge of road safety in the context of their work.

Because all relevant disciplines have contributed to it, the manual provides a balanced
and structured picture of traffic practice in the Netherlands. However, a number of
remarks should be made here. First of all, this manual discusses relatively ‘timeless
knowledge’, such as models, methods and technology. Up-to-date information
should be gathered from the internet. Moreover, to keep the manual manageable,
its depth has been limited. This is solved in part by including bibliographical
references and providing overviews of relevant websites and knowledge
institutes. Finally, the manual is aimed specifically at road traffic and not at other
transport systems.

The manual consists of three parts. Part 1 seeks to get a handle on the subject of
road safety, discussing various perspectives on road safety that are complementary
to one another and that together present a complete picture of the subject. Part 1
comprises chapters 1 to 5: theory; trends and developments; policy; data collection
and data analysis; and practical research.

Part 2 addresses measures that can be taken, focusing on the three Es and the three
Ps. Engineering, Education and Enforcement are the three classical instruments
with which traffic behaviour can be influenced, while Push, Pull and Persuasion
are the three ways of utilising these instruments. Part 2 comprises chapters 6 to 10:
spatial planning and the road environment; infrastructure; vehicle safety; traffic
education; and traffic enforcement. Part 3 presents an overview of practical problems
and how these can be tackled. Assimilating the items discussed in part 1 and part 2
into integrated approaches to road safety, this part explains that everything is
interconnected. Part 3 comprises chapters 11, 12 and 13: risk-enhancing behaviour
in traffic; specific groups of road users; and practical examples. Finally, the epilogue
gives a glimpse of the future, where there are opportunities for a better infrastructure
and better vehicles. But even if the prerequisites for optimum road safety are met,
people and their behaviour will always remain the weakest link in the traffic and
transport system.
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Learning objectives for students:

* to gain an understanding of what
road safety is and how it is perceived
by society;

* to gain an understanding of how this
manual is set up.
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Introduction

1.1 That won’t happen to me...

In 2001, 2002 and 2003, there were over 1,000
traffic fatalities a year in the Netherlands.

In the period between 2004 and 2007, this
number dropped to just over 800 a year. That
is still quite a bit, but not as bad as the record
year 1972, when there were 3,264 deaths. In
recent years, the number of hospitalised traffic
victims fluctuated between 18,000 and 19,000
a year. This number is dropping as well, but
not as rapidly as the number of traffic fatalities.
So although we can say that much has been
accomplished in terms of road safety in the
past few decades, traffic is not entirely safe
and never will be. Risks cannot be completely
eliminated, for human activity always entails
risks and it is not realistic to assume that one
day we will no longer need emergency services
or trauma care.

It has been said that road users who are (overly)
confident of their safety run the greatest risk of
getting involved in a traffic accident. But how
often, on average, is a road user in the Nether-
lands confronted with an accident? A rough
calculation provides the answer.

* There are about one million traffic accidents
a year in the Netherlands (including damage-
only accidents).

» Each accident involves two people on aver-
age. In other words: two million people are
involved in a road traffic accident each year.

* As there are some sixteen million people in
the Netherlands, this comes down to once
every eight years, on average.

In other words: every Dutchman is involved

in about ten road traffic accidents in his or

her lifetime. Usually, the damage from the

accident is limited, but sometimes the outcome

is serious or even fatal.

Yet alot of people often think ‘“That won’t
happen to me... . But think again! It just
might! So we have every reason to improve
the situation.

1.2 About this manual

Road unsafety is an undesirable side effect

(as well as a quality aspect) of traffic and, con-
sequently, of transport and mobility. Seen in that
light, it is desirable and no more than logical
that every publication about a traffic-related
subject also includes a section on road safety.

And now we have decided to dedicate an

entire manual to the subject of road safety.

There were several good reasons for doing so:

 Although we know a lot about road safety,
that knowledge is quite fragmented, the
SWOV observed in its publication ‘Door met
Duurzaam Veilig’ (Advancing Sustainable
Safety): ‘Existing forms of knowledge
dissemination should be better harmonised
in order to provide road safety professionals
efficiently with high-quality knowledge’. [1.1]

e Traffic and transport programmes at higher
professional education and university levels
reached a similar conclusion: the Netherlands
is lacking a comprehensive reference work
on road safety.



* Road safety is often only a small part of a
traffic engineer’s set of tasks. It is not easy
for traffic engineers to gain a complete over-
view of road safety and to keep up to date on
the subject; this applies even more to people
for whom traffic, transport and mobility are
only a few aspects of their work.

A ‘Road safety manual” can help solve these
problems. Having said that, road safety will
have to remain an integral part of traffic,
transport and mobility in the future.

1.2.1 Target groups

This manual is intended for the following

target groups:

* students and lecturers of traffic engineering
and traffic-related educational programmes
at higher professional education and university
levels;

e traffic and transport professionals, such as
traffic planners, traffic engineers, traffic
technicians, policy officials and scientists;

* professionals working in disciplines related
to traffic, such as spatial planning, town
planning, urban planning, logistics, civil
engineering and mobility;

e other professionals, varying from municipal
councillors to journalists, who require
knowledge of road safety to carry out their
work.

What these target groups have in common is

that although they have a certain degree of

knowledge of traffic, transport and mobility,
they are not road safety experts. Yet they are
required to put such knowledge to use in their
jobs, which obviously means that they need to
be able to acquire that knowledge somewhere.

1.2.2 Objectives

Even though it might be tempting to discuss
road safety separately, the consensus is that
road safety should be considered an integral
part of traffic engineering. Although there are
separate objectives, standards, guidelines, et
cetera, for accessibility, quality of life and road
safety, it would be illogical and inefficient to
keep taking road safety measures separately.
Ideally, every foresight study, every pro-
gramme and every plan should focus on road
safety.

This manual enables readers:

* to better point out the significance of road
safety (such as the need for and objectives
of road safety), even in situations in which it
is at odds with other interests.

* to get to know the meaning of (specialist)
terms and the relevant organisations and
their specialities.

e to propagate and transfer knowledge about
road safety;

e to assess the safety of a certain traffic
situation;

* to work on road safety themselves. To that
end, they will need to master general theory
and be able to translate it into practical
measures. For example:

- they must be able to find up-to-date
information and judge the validity of
information;

- they must be aware of the distinction
between working on road safety
reactively or proactively;

- they must be able to develop knowledge
about road safety at applied and scientific
levels themselves;

- they must be able to assess the work
of others;
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- they must be able to create links and build
bridges between safety and related fields
of knowledge.

* to form an idea of other people’s concrete
practical experiences.

.3 Document structure and reading
guide
Some of the knowledge of road safety, such as
models, methods and technology, is relatively
timeless, while other knowledge, such as policy
and accident statistics, is subject to change.
This manual addresses the relatively ‘timeless
knowledge’. Rapidly changing topical informa-
tion is better found on the internet.

Because all relevant disciplines have contributed
to it, this manual provides a balanced picture of
traffic practice in the Netherlands. It proved
impossible to incorporate everything we know
about road safety and still keep the manual
manageable. This is why it only has limited
depth. Where appropriate, the text contains
references to other sources. To optimise
user-friendliness where possible, the different
topics are discussed in relation to one another.

The manual consists of three parts. Part 1
seeks to get a handle on the subject of road
safety, part 2 focuses on measures, and part 3
presents an overview of practical problems and
how these can be tackled. Finally, the epilogue
gives a glimpse of the future. Every part is
introduced separately.

Different sections of the manual are relevant
to different target groups. Table I.1 serves as a
guide: the darker the colour, the more relevant
that particular section is for that particular
target group.

The manual offers different ways of finding
(more) information:

readers can look for subjects in the table
of contents;

readers can look for subjects in the index;
readers can look for subjects in the
questions and answers section;

the manual includes practical examples;
the manual includes references to other
publications;

the sources on which the text is based
are listed;

the manual contains listings of relevant
websites and of key libraries and
knowledge institutes



Table I.1. Relevance of the subjects for each target group

Level of relevance . Students of : Professionals
: trafficengineer-:
: ing and traffic- : Traffic- : Traffic- : Other
dark blue: high related engineering : related . areas
blue: medium : studies : - disciplines . (politics,
pale blue: low : media, etc.)

Introduction

Part 1

=

Theory

2 developments and trends

3 Policy

4 Data collection and
data analysis

5 Practical research

Part 2

6 Spatial planning and
the road environment

7 Infrastructure

8 Vehicle safety

9 Traffic education

10 Traffic enforcement

Part 3

11 Risk-enhancing
behaviour in traffic

12 Specific groups of
road users

13 Practical examples

Epilogue

Questions and answers

Introduction
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Working on road safety

Ensuring road safety can take the following forms:
e removing the causes of unsafe traffic situations;
dealing with the liability for creating unsafe traffic situations;

L]
e the will to redress such unsafe conditions;
[ ]

allocating specific tasks to all parties involved in tackling road safety, with all related

responsibilities.

Taking responsibility for road safety involves adopting legislation and setting up organisations

with responsibility for the tasks defined.

Generally accepted views of road safety play a role at all levels of working on traffic, transport
and mobility. On the one level, these are questions of how to create a safe traffic and transport
system. On another level, in more practical terms, it means addressing such questions as ‘How to

design a safe school environment?”’

In other words, responsibility for road safety takes different forms at different levels of
government. Moreover, road designers approach the subject from a different angle than traffic
enforcers. The trick of designing effective and efficient road safety policy is to create synergy
among road safety initiatives at different levels and from different angles in order to achieve

the best possible result.

A key challenge for road safety proponents is how to effectively include generally accepted
views of road safety. This goes for administrators seeking collaboration between parties and

in decision-making processes, for designers who want to encourage desired behaviour in traffic
by means of the infrastructure, for law practitioners who translate social norms into legislation,
and for police officers whose task it is to enforce and propagate the chosen standards.

This challenge is what this manual is about [I.2].

1.4 Delineation

1.4.1 Safety of the road traffic system

This manual addresses the safety of all users

of roads and streets in the Netherlands. This

comes with two important limitations:

* itis about road safety and not about other
kinds of safety;

* itis about the road traffic system and not
about other kinds of transport.

Moreover, this manual applies specifically to

the situation in the Netherlands.

The introduction of Sustainable Safety in the
Netherlands (see paragraph 1.1.4) moved atten-
tion away from a curative approach to the

road unsafety (tackling situations that have
proven to be unsafe in retrospect) towards a

preventive approach ensuring that unsafe situ-
ations do not occur in the first place. It goes with-
out saying that prevention is better than cure.
That said, the preventive approach has not yet
made the curative approach superfluous. Firstly
because, unfortunately, there still are local dif-
ferences in safety levels, and secondly because
it is not socially acceptable if nothing is done
about a site, road section or area that has proven
unsafe. That is why, on a daily basis, both pre-
ventive and curative measures are taken. Both
these approaches are discussed in this manual.
On occasion, road safety is wrongly reduced to
being just a matter of stricter enforcement by
the police, or presented as something technical
that has to do with roundabouts and speed con-
trol humps. But these are just elements of road
safety. The manual presents a cohesive discus-



sion of all elements of the road traffic system
—infrastructure, vehicle, man, travel budget and
activity locations — and their relationship to
potentially unsafe situations.

1.4.2 Different kinds of safety

This manual focuses exclusively on road

safety and not on other kinds of safety. Safety

and unsafety take different forms. In terms

of traffic, transport and mobility, a distinction

can be made between external safety, social

safety and road safety:

e External safety relates to the safety of the
environment of a traffic flow, such as the
risk that an LPG tanker explodes, with all
the consequences this will have for the
surroundings. Key issues in this respect are
standards in combination with theoretical
mathematical models for individual risk and
group risk.

* Social safety also plays a role in traffic, for
instance the social safety of cycle tunnels.
Social safety is determined by such factors
as a facility’s design, lighting, the presence
of other people, different kinds of supervision,
the possibility of early detection of trouble
and reporting of trouble.

¢ Road safety is directly and inextricably bound
to traffic. Road safety includes undesirable
side-effects of traffic — such as a car hitting
a pedestrian —as well as the safety of road
workers or such concerns as to the age at
which children use roads independently.
Nobody wants things to go wrong,
but people do make mistakes in traffic,
always and everywhere.

The combination of these three kinds of safety

is called integrated safety. In practice, however,

they are three entirely separate disciplines in
different phases of development.

In order to prevent people from throwing
stones onto cars on the motorway below, the
Directorate-General for Public Works and
Water Management installed a number of
screens on viaducts. However, this stone-
throwing has nothing to do with external
safety, social safety or road safety —itis an
act of vandalism, plain and simple.

Introduction
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Table I.2. Differences between the road traffic system and other traffic systems

: Degrees of freedom : Operated by : Complexity of
- of the transport : operation
- system : :
Helicopter ~ :Forward/backward  : Professional operator, on : Very great
- Up/down - sight and on instruments :
:Completely lateral  : :
Aeroplane Forward only Professional operator, on Moderate to very
: Up/down : sight and on instruments - great (depending
 Lateral to limited - with support from traffic - on flight stage)
:degree : control :
Road traffic :Forward/backward  : Diversity of operators, on : Moderate to very
: Lateral to limited :sight and on instruments : great (depending on
- degree : sometimes with advice from :road type)
: - traffic control :
Shipping :Forward/backward  : Operator (sometimes - Moderate to very
‘ Lateral to limited - professional), on sight and by : great (depending on
:degree : radar; sometimes with advice : type of ship and
: : from traffic control - available waterway)
Railways : Forward/backward  : Professional operator; traffic : Limited
 Lateral to limited : control and safety system :
:degree . determine prerequisites :
Lifts : Fully automated, no : Slight

Up/down
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1.4.3 Different kinds of transport

This manual discusses road safety. The road
traffic system differs significantly from other
traffic systems, as shown in table I.2.

The different types of transport have different
degrees of freedom and different operating
systems. Operation is sometimes highly
complex, sometimes simple, and sometimes
human error is completely eliminated. The
level of professionalism of the operator also
differs greatly. As aresult, different transport
systems have different levels of safety. An
estimate of the number of fatalities at a
European level shows that [I.3]:

: operator

e there are 45,000 fatalities on the road;

e there are 1,300 fatalities in railway traffic;
¢ there are 186 fatalities in aviation;

e there are 180 fatalities in shipping.

There is no data on accidents involving lifts.

Road users run relatively great risks. Unlike
aviation and railway traffic, road traffic was
not designed with road safety in mind. The
road traffic system has expanded over the
years and adjusted itself to accommodate the
greater need for mobility and faster types of
transport. These adjustments were gradual,
and safety was barely more than a consideration
in terms of such adjustments, never a strict



prerequisite [1.4]. In road traffic, the need for
individual freedom is often in variance with
road safety. Moreover, traffic (and, conse-
quently, road safety) often has to compete
with other social interests.

For types of transport that already are relatively
safe, the costs of increasing safety even further
are relatively high. The (political) question is
where, in future, the investment limit will be
drawn to bring down the number of road traffic
fatalities even further [1.4].

A high level of safety is often related to a
limited or even relatively low transport capacity.
For instance: if the ‘2 seconds distance’ rule
were strictly observed on motorways, a lane’s
capacity would be lower than the capacity
currently applied by the Directorate-General
for Public Works and Water Management.

In everyday practice, road users keep much
less distance, accepting much less safety.

A high level of road safety therefore has its
price: it requires investments in infrastructure
and in vehicles, as well as strict regulations that
curb the freedom of the individual road user.

Introduction
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Part 1 - Getting a handle on road safety

Road unsafety manifests itself in a number of ways. It is not always easy for those
who are not involved in road safety on a daily basis to get an accurate picture of
what it means, let alone to formulate road safety policy: what is it, what is it about,
what is important?

This section of the Road Safety Manual is aimed at gaining an understanding of road
safety, which will be approached from various perspectives. These perspectives are

complementary and together they provide a complete picture of the subject matter.

The reader is given an insight into the problems, causes, objectives and solutions
with regard to road safety.

The chapters of part 1

1 Theory;

2 Developments and trends;

3 Policy;

4 Data collection and data analysis;
5 Practical research.

Chapter 1 ‘Theory’ describes the theory surrounding road safety. Key terms are
defined and developments in thinking about road safety are described, including
Sustainable Safety. Human factors play a key role in road safety, as do the
mechanical properties of the traffic system.

Chapter 2 ‘Developments and trends’ describes key factual material from
experiences in the Netherlands. The facts and figures are also shown in a
European perspective. The Netherlands is one of countries with the highest
levels of road safety.

Chapter 3 ‘Policy’ is limited in scope. Information that is current at the time of
writing becomes antiquated quickly in a manual. For this reason, this chapter is
limited to providing a general overview.

Chapter 4 ‘Data collection and data analysis’ and chapter 5 ‘Practical research’
describe the possibilities for conducting research. Chapter 4 is primarily interested
in available data such as accident statistics, while chapter 5 focuses on research
with a more applied character, which is conducted at particular locations.
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More information on road safety

This road safety manual is specially written for use in the Netherlands.

The following international standard works are also available (in English):

e Human Factors in Traffic Safety, R.E. Dewar, P.L. Olson. Lawyers and Judging,
2007

The handbook of road safety measures, R. Elvik, T. Vaa. London, Elsevier, 2004

* Highway design and traffic engineering handbook, R. Lamm, B. Psarianos,

T. Mailaender. New York, McGraw-Hill, 1999

Traffic Safety and Human Behaviour, D. Shinar. Elsevier, 2007

* Road Safety Manual. Quebec, PIARC Technical Committee of Road Safety, 2003



Learning objectives for students:

to be able to define road safety and
related subjects;

to have knowledge of the main
underlying theories for tackling lack
of road safety, of which Sustainable
Safety is the most important.
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1 Theory

1.1 Terms and approaches

1.1.1 Key terms

In everyday usage, road safety terminology is
not always clear and sometimes even confus-
ing. To avoid misunderstandings, we will first
define the key terms used in relation to road
safety.

Safety and unsafety

Unsafety refers to a situation in which safety
is lacking. It is, therefore, also referred to as
‘lack of road safety’.

Traffic is essentially unsafe and many traffic
situations are dangerous. But apparently people
accept a certain level of danger and sometimes
even look for it, not just in traffic but also in
other areas of daily life, such as sport. Never-
theless, the risk of death or physical injury in
traffic is socially unacceptable.

In this manual, lack of road safety is defined as:
* the presence of danger in traffic;
* an unacceptable degree of risk in traffic.

The presence of danger

Danger can be described as a critical combin-
ation of circumstances that occurs and/or may
occur in traffic and that may result in an accident.

All collisions are accompanied by a transfer of
energy onto structures. In road traffic, those
structures are not or not sufficiently protected
and are, therefore, vulnerable. Train wagons
that ‘collide’ in order to be coupled are con-
structed in such a way that they are able to
withstand the resultant energy transfer.

A child hit by a car, however, is not.

An accident by definition involves damage.
‘Damage’ in traffic may refer to fatalities,
injuries, psycho-traumatic effects, material
damage and damage to the road environment.

Lack of road safety is:

* the total of potential and existing critical
combinations of circumstances in the process
of traffic and transport;

* unplanned events or an unplanned series of
events that involve the transfer of energy onto
vulnerable structures that are not protected
against it;

* the possibility of damage to or loss of people
or materials as a result of traffic (death,
injury, permanent disability, psychological
trauma, material damage and damage to the
road environment).

Essentially, lack of road safety means that, at
some point in time, a critical situation occurs
in the traffic and transport process. An example
is an encounter between two road users crossing
each other’s paths that threatens to turn out
badly. This critical situation can be reversed if
the parties react in the correct manner, but it
can also become more critical if either of them
fails to react or reacts incorrectly. An incorrect
reaction will lead to a succession — a chain — of
ever more critical (combinations of) circum-
stances. If that chain is not broken, an accident
is inevitable. The series of critical combinations
of circumstances may even continue as the
crash takes place and the damage occurs.

For example, if the necessary medical assistance
is slow in arriving at the scene of an accident,
injury may become worse due to blood loss.



The consequences of a traffic accident

A lack of road safety is manifested in the

different forms of damage that are caused

by traffic accidents. The definitions of the con-

sequences are categorised in accordance with

accident registration:

¢ death: death occurring within thirty days
of an accident. This is the internationally
recognised definition;

* hospital: hospitalisation for at least one night,
but no death occurring within thirty days;

e emergency assistance (EA): transported to
hospital by ambulance, but not hospitalised;

* not hospitalised (NH): injured, but not
transported to hospital;

e material damage only: no personal injuries.

In addition, the following groups are distin-

guished:

¢ Serious injuries: fatalities and hospitalised
injuries combined.

e Slightinjuries: EA and NH together.
Current injury registration does not
properly distinguish between EA and NH.
EA casualties are often worse off than NH
casualties, but they are often registered
as NH casualties.

Permanent consequences such as disability,
psychological trauma, permanent sorrow due
to the loss of loved ones and its effects are not
registered. Every year, the numbers of people
disabled in traffic accidents increases.

An unacceptable degree of risk

Risk can be defined as follows:
Risk is the chance of an unwanted or harmful
consequence of participating in an activity
or of exposure to a dangerous situation.

“The chance of” is the probability of an
unwanted event occurring with all the related
harmful effects. In other words:
risk = chance X consequence.
Traffic risk is the chance of getting involved
in a traffic accident resulting in death,
injury and/or damage.
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How much damage is acceptable? To answer
that question, the significance and benefits of
participating in a certain activity must be
weighed against the sacrifices that may have to
be made and the harm caused by the damage
that may result. The more benefits an activity
has, the higher the acceptance of risk. A driver
who starts out too late for an important meet-
ing will accept more risks than one who has
left on time for a leisure destination. In the first
instance, the chance of arriving too late out-
weighs the increased chance of an accident.
Peer group norms play a role in that consider-
ation as well. Young drivers take more risks
because their peers find daring and ‘testing
limits’ important and, moreover, because they
underestimate the risk. Whether a traffic risk is
acceptable is a social and political issue. The
answer is influenced by a variety of factors,
which are roughly the same as those that deter-
mine how people generally experience risks.

The voluntary nature of participating in traffic
and taking risks

A playing child does not participate in traffic
voluntarily. Socially speaking, the death of a
playing child in a traffic accident is given
about a thousand times more weight than the
death of a motorist, who is assumed to have
chosen to drive to his destination voluntarily.
Risks taken voluntarily on an individual basis
(including deep-sea diving, driving a motor-
cycle and bungee jumping) are also given much
less weight than danger faced involuntarily.

The catastrophic or chronic nature of the risk
Socially, a single plane crash with a hundred
fatalities is given more weight than a hundred
traffic accidents that occur over a longer
period of time and have a single fatality each.
In society, the severity, scope and ‘concentra-

tion’ of an accident are more important than
its frequency.

The degree to which people think they can
control the risk themselves

Much less risk is accepted for plane, train,
tram and bus passengers than for motorists or
cyclists. After all, public transport passengers
depend on a driver without being able to influ-
ence his behaviour, while motorists and
cyclists take part in traffic themselves, often
contribute to the risk by their behaviour, and
control the risk themselves.

The degree of protection

The risk for unprotected pedestrians is socially
less acceptable than the risk for a motorist in
his steel cage.

The degree of familiarity with the risk
Children are hardly capable of estimating the
risk they run in traffic, whereas in most cases
adults are. Risks that cannot be perceived or
assessed by traffic participants are given more
weight than risks that can.

The avoidability of risks

In situations in which the risk could have been
avoided — for example by means of a solution
implemented by the road authority — the risk is
considered less acceptable than in other situ-
ations.

Mathematical definition

Alongside this descriptive definition of risk,
there is also a mathematical one. Analyses and,
above all, comparisons of lack of road safety
always entail the need for data on ex-posure.
Exposure is the degree of participation in or ex-
posure to all potentially existing combinations of
circumstances in the traffic and transport process.



A degree of exposure is taken to mean:

* ameasure for participation in traffic, for
instance per 1 billion kilometres travelled
per mode of transport or the number of
hours of participation in traffic;

* ameasure for the exposure to danger in
traffic, for instance per number of encounters
or the number of fatalities per 1,000 casualties
per type of accident.

The following then applies in the mathematical
definition:
road unsafety = risk X exposure

In an elaboration of this mathematical definition,
the risk or chance can be seen as a combination
of the accident rate (chance of an accident) and
the severity rate (chance of a serious outcome:
the consequences of the accident). This results
in the following formula:

road unsafety = accident rate X severity rate X
exposure

This formula is used mainly to analyse differ-

ences in road unsafety.

Three measures for risk often used in practice

are:

* accident frequency: number of accidents per
vehicle kilometre travelled;

* injury frequency: number of accidents with
personal injury per vehicle kilometre travelled;

e accident density: number of accidents with
personal injury per kilometre of road.

Studies have demonstrated that the number of
accidents per kilometre of road is not quite
proportional to traffic volume: the increase in
the number of accidents levels out the more
the intensity increases. This also means that
the risk (chance of an accident per intensity)
decreases as intensity increases. If the number

Figure 1.1. Number of accidents plotted against intensity

accidents per kilometre

24-hour intensity

of accidents is plotted against the intensity,
this yields the curve as represented in figure
1.1. Angles A and B represent the risk at low
and high intensity. That angle is a value for the
number of accidents per kilometre divided by
the 24-hour intensities, making it a measure
for risk. Angle A is greater than angle B,
which means that the risk at high intensities

is lower than at low intensities.

Theory

1
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There are several possible explanations, such
as road layout and the behaviour and mutual
influencing of road users.

Accident

The translation of the Dutch legal definition of
atraffic accident is: ‘An incident on a road that
is open to motorised and other traffic that is
related to this traffic, involving at least one
moving vehicle and resulting in damage and/
or the death and/or injury of one or more road
users’ [1.67].

Statistics Netherlands uses the following def-
inition: ‘An accident on a public road involving
at least one moving vehicle and resulting in
the death or injury of one or more road users’.

This Statistics Netherlands definition is used
for accident registration. As a result, not all
types of accidents are registered, as non-injury
accidents and accidents that do not involve a
vehicle are not covered by this definition.
Based on this definition, an incident in which a
pedestrian falls and gets injured after tripping
over faulty pavement is not a traffic accident.
Neither is a dent in a car caused by a clumsy
parking manoeuvre.

Near-accidents and conflicts

Near-accidents and conflicts are encounters
between traffic participants with an inherent
danger, without this encounter actually result-
ing in an accident. As the danger increases, a
near-accident or conflict is considered more
serious. There are different uses of the terms
near-accident and conflict. There also are dif-
ferent types of conflict, such as: transverse
conflicts or passing conflicts.

Traffic-related quality of life

In practice, several other terms are used, such
as traffic-related quality of life, which can be
described as the combination of all — positive
and negative — influences of traffic on the
quality of the living environment in the area.
Negative effects are a road unsafety, but also
all forms of nuisance (such as noise, air pollu-
tion, stench, fine dust, barrier effect) and the
hampering of social activities. The layout of
the public space largely determines whether
the area can absorb the impact of traffic. The
term traffic-related quality of life dates back to
the 1970s, and comprises more than just road
safety. Generally — but not always — the inter-
ests of road safety, traffic-related quality of
life and the environment are aligned
[1.68-1.70].

1.1.2 Different perspectives on road safety
Road safety can be approached from different
angles. This section discusses a number of
examples.

Subjective and objective safety

First of all, there is a difference between
objective road safety and subjective road
safety. Objective road unsafety is a real

road unsafety, with a high chance of an acci-
dent occurring, while subjective road
unsafety has more to do with people feeling
unsafe, making it a matter of perception
(which is not to say that it is less important).
Objective road unsafety can be measured by
and substantiated with unambiguous and
objective standards (such as accident statistics),
while subjective road unsafety is more
difficult to determine unambiguously and
objectively (for example the feeling that people
drive too fast through a narrow residential
street). Subjective road unsafety can, however,



be measured indirectly, for instance by means
of surveys or interviews.

A subjective road unsafety is also called
‘traffic threat’ and is related to and individu-
al’s perception of the risk in a given situation.
A feeling of unsafety can never be entirely dis-
pelled and, moreover, a certain degree of feel-
ing unsafe is necessary for preservation of life;
if people no longer feel unsafe, they will not
be prepared to behave in a safe manner. A

feeling of unsafety is unpleasant, but it is
thought to keep road users alert and encourage
responsible and safe behaviour. However,
even for alert and responsible road users, there
are limits to what people can do and can cope
with (see section 1.2).

Objective and subjective road unsafety

need not be opposites, but they do not neces-
sarily coincide either. They are just two differ-
ent aspects of safety and unsafety.

Theory

1
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Table 1.1. Objective and subjective road unsafety

: Objectively safe

: Objectively unsafe

Subjectively safe

Optimum situation: safety

. Very unfavourable situation: false
- safety

Example: a well-designed residen-
. tial street with a calm traffic
. situation

Example: an apparently clearly laid
- out distributor road that tempts

- drivers to drive too fast, or a

: comfortable car that induces the
 driver to drive too fast

Subjectively
unsafe

: An unpleasant situation that
: generates mainly complaints

: Unfavourable situation: road
: unsafety is evident and clear

Example: a narrow street in a
- historic city centre without view of

Example: a residential street that is
: used as a short cut where people
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- aside street

Both objective and subjective road unsafety
require measures, but the approach is funda-
mentally different. First of all, it is important
to determine for whom objective and subjec-
tive road unsafety is a problem, so that a situ-
ation can be created that is both objectively and
subjectively safe for all users.

Essentially, road safety issues feature most
prominently when a situation is objectively
unsafe but not perceived as such by the road
user. After all, the road user who does not per-
ceive danger, will not or only insufficiently
adjust his behaviour to the unsafe situation.

In other words, there is a false sense of safety.

Measures aimed at solving problems in terms
of objective safety may — as an unexpected
and unwanted side-effect — have consequences
for subjective safety. For instance, redesigning
an unsafe intersection may reinforce the pos-
ition of motorised traffic, but in doing so may
inadvertently impair the position of slow traffic.
Likewise, a measure aimed at problems in

: drive too fast

terms of subjective safety may — as an unex-
pected and unwanted side-effect— have conse-
quences for objective safety. An example is a
motorcyclist who has attended a supplemen-
tary course in vehicle control, after which he
considers himself to be so safe that he takes
much greater risks than before.

Road unsafety as a coincidence

A second perspective on road unsafety is

that of unsafety as a coincidence. An individual
accident is coincidental, that means it cannot be
predicted. And because it is coincidental, it is not
always possible to prove the safety or unsafety
of a certain situation based on a single accident.

There are bound to be more accidents in
unsafe situations than in situations that are
safe. The fluctuation in observed road unsafety
as aresult of its coincidental nature decreases
with longer observation times or higher traffic
volumes. In other words: coincidence is
excluded by considering the road unsafety
over a longer period of time or over greater



Table 1.2. Double counting the causes of an accident

Composition of causal percentages [1.25]

Human error
Total: 64-93%

: 57%: exclusively
 human error

: 26%: also road
- and road
: environment

. 4%: also road/
: road environ-
* ment and vehicle

. 6%: also vehicle

: 3%: exclusively
: road/road
* environment

Road/road
environment
Total: 12-34%

S error

: 26%: also human : 1%: also vehicle

: 4%: also human
. error and vehicle

Vehicle
Total: 4-13%

: 2%: exclusively

- vehicle - error

: 6%: also human

: 4%: also road/
‘ road environ-
- mentand

* human error

: 1%: also road/
: road environ-
© ment

N.B. These figures do not mean that almost all roads and vehicles are ‘safe’. The figures do indicate, however, that human
error is the leading cause of accidents and that certain combinations of causes of accidents occur more frequently.

intensities. This creates a more balanced picture
of the real chance of an accident, so that it is
easier to determine the safety of the situation
in question.

However, practically speaking it is not always
possible to consider a situation over a longer
period of time, usually because there is a lot of
social pressure ‘to do something about it’.
Moreover, there are ethical considerations that
argue in favour of not waiting too long before
taking measures: ‘Will someone have to die
first before something is done about it?’
Sometimes, comparable traffic situations can
be found. By combining the findings from
different traffic situations, more substantiated
conclusions can be drawn.

An alternative is not to look at accidents, but at
near-accidents or conflicts. These occur much
more often than accidents, but are generally
not as predictive of road unsafety.

Road unsafety from the point of view of the
cause

A third perspective on road unsafety is that

of the cause of an accident. An accident is
caused by a confluence of circumstances. This
means that every accident has several causes,
or factors of influence. This results in a double
count of the causes of an accident. Table 1.2
visualises this.

A road user’s behaviour largely determines his
own safety and that of the people around him.
A lot of people are perfectly capable of quickly
reading complex situations or even anticipating
them. Every day, road users routinely make
countless correct assessments and decisions.
However, even experienced road users still
make mistakes. And although everyone makes
mistakes in traffic, some make more than others.
Research has demonstrated that human
behaviour and human error are by far the most
frequent cause of accidents [1.25, 1.71].

Theory
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Other causes include faults or shortcomings in
road design (including a road’s environment)
and design implementation.

Defects in vehicles, accessories and vehicle
parts may also cause accidents. Technical
innovation does not necessarily make traffic
safer.

The main conclusion that can be drawn from
these accident statistics is not so much the
absolute value of accidents, but the fact that
the total number of causes of accidents exceeds
100%. This is because an accident is always
the result of a confluence of circumstances.

Road unsafety from a systems approach

In the systems approach, it is the design of the
road traffic system that influences human
behaviour and, consequently, the ultimate per-
formance of the road traffic system. As such,
road safety is a characteristic of the road traffic
system as a whole. Road unsafety is an unwanted
effect of the system as a whole, interwoven
with all facets of that system. As a consequence
of this systems approach, literally every
assessment, every choice and every action

(or omission) that is related to the road traffic
system has a direct, and occasionally consider-
able, impact on road safety. This systems
approach forms the basis of sustainable safety.

1.1.3 Developments in the concept of road
safety through the years

Views of road safety have changed over the

years, which explains the different strategies

and tactics pursued to tackle road unsafety.

A first distinction that can be made is between

the ‘single cause theories’ adhered to until

1960 and the ‘multiple cause theories’ that

were advocated after 1960. The different

views are described in the following sections.

1900-1920: every accident is unique

Every traffic accident was considered an aut-

onomous and unique problem that needed to be

solved immediately. The cause of that unique
accident had to be found. The consensus was
that removing that single cause would solve the

entire problem. This view of road unsafety is a

thing of the past, as it is impossible to deal with

the many registered accidents, accidents with
personal injury and even fatal accidents this
way. Moreover, there also are a number of
objections to this monocausal view:

* looking for the cause produces a subjective
result: one person sees one thing as the cause,
another something else;

* removing the cause of an accident often
creates new problems, leading to new
(different) accidents;

* missing the opportunity to solve more than
one problem with a single measure.

1920-1950: accident-prone

This view, which did not have the desired
effect, was followed by the notion that almost
all traffic accidents are caused by the behaviour
of road users. The question of who caused the
accident was emphasised — not least by insur-
ance companies. In most cases, unadjusted
behaviour by the road user was seen as the
cause. Being involved in or causing a traffic
accident was considered to be conditional on
coincidence to a certain degree, even if the
driver was to blame. However, causing or
being involved in more than one accident can-
not be a mere coincidence, and such drivers
had to be banned from driving or forced to
improve their behaviour by means of punish-
ment and re-education.



This ‘accident-prone view’ assumes a level

playing field, which means that everyone has

the same chance of meeting with an accident.

The fact that some users are on the road longer

than others or that some travel at other (more

dangerous) times is overlooked. There are
several other objections to this view:

* Attempts to identify accident-prone people
fail; psychological tests aimed at spotting
the really accident-prone are never fool-
proof and will inevitably and unjustly pin-
point some other, ‘competent’ road users as
being accident-prone as well.

* Controlling road unsafety is limited
to measures targeting the human factor,
neglecting improvements in behaviour
by improving roads, vehicles and traffic
situations.

e Traffic accident registration indicates that
human errors are the most important cause
of traffic accidents. Other causes, such as
defects in vehicles, roads and unclear traffic
situations (which often lead to human
errors) are rarely registered.

This view has yet another unexpected effect
on road users. People who have never been
involved in an accident before wrongfully
conclude that this means they are more skilled
road users, as a result of which they may
behave less carefully.

1940-1960: serious research into the cause
of accidents

In the period after 1940, the first serious
research into the cause of accidents was con-
ducted. Still only single causes were con-
sidered, not only in terms of behaviour, but also
in terms of technical aspects (poor secondary
safety of vehicles) or dangerous locations
(black spots or red spots).

1960-1980: the systems approach

Gradually, the limitations of the monocausal
views were recognised and multicausal views
of road unsafety emerged. Traffic accidents
were considered coincidences with more than
one cause. Everyone who participates in traffic
runs the risk of getting involved in an accident.
Different factors play a role in this. Awareness
grew that there was a lack of knowledge about
the correlation between the different factors,
leading to an approach in which interrelated
factors were seen as a cohesive whole and that
focused on the factors themselves as well as
on the interrelationships between them. Key
point was to identify the critical relationships
between (combinations of) characteristics of
the following system elements: road users,
vehicles and road environment.

Theory
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The Haddon matrix plots the system elements
human factor, vehicle and road on the vertical
axis and the crash phases precrash, crash and
post-crash on the horizontal axis. By filling in
the matrix for a certain accident, the factors
that have contributed to that accident can be
classified. The Haddon matrix shows that an
accident never has just a single cause, but is
always the result of a confluence of circum-
stances.

This static systems approach also has its short-

comings:

* the complex of critical relationships is too
unstructured and can be too comprehensive:
it is often impossible to unravel the tangled
web of critical relationships;

* this approach overlooks the dynamics of the
traffic and transport process in which the
accidents occur.

The dynamic systems approach emerged in
the late 1980s. It looked at how an accident
takes place and saw it as a single, continuous
process, in each part of which you can avoid
the accident, and if it occurs nevertheless,

you can exert a positive influence on its con-
sequences (injuries, fatalities) and the way it
is dealt with (how soon does emergency service
arrive).

The dynamic systems approach distinguishes
between the following phases:

e mobility phase;

* traffic phase;

* encounter phase;

* incident phase;

e collision phase;

* injury and damage phase;

e treatment and convalescence phase.

It is possible to describe the phases of each
accident that occurs. However, this is not very
useful, because it does little more than identify
the fairly unique circumstances of that particular
accident. Descriptions such as these are often
used in rail and shipping incidents, which have
high casualty rates and receive a lot of public
attention. Because such accidents are rare,
people want to know as much as they can
about them. Road accidents, on the other hand,
are numerous, and the number of casualties
per accident is limited. As a result, little public
attention is paid to individual accidents. This
is clearly the result of the catastrophic versus
chronic nature of the risk (see section 1.1.1).

As regards road traffic, it makes more sense
to conduct analyses of accident clusters, for
example accidents that involve elderly people
or accidents between bicycles and lorries.

A description of all phases of a certain cluster
of accidents helps us understand why such
accidents occur and what options there are to
prevent them or, if they do occur, positively
influence their outcome.



Figure 1.2. Haddon-matrix [1.26]

Haddon-matrix

Human aspect

Vehicle

Road and
surroundings

Pre-crash

Physical condition

o fatigue,

¢ alcohol and
medicine use

Mental state

e stress

e distraction

High-risk groups

* age

e gender

Experience

e driving experience

e knowledge

Behaviour

* speed

®* manoeuvre

Protection

* seat belts

e crash helmet

Technical properties
e brakes

e tires

Mechanical condition
e state of repair

e damage

Driving conditions

e |oad

¢ |oose objects

Geometry

e alignment

¢ road design
Design

e road marking
e signposting
Pavement

o skid resistance
® unevenness
Surroundings
e bustle

e distraction

Crash

Physical condition
o reflex

Making errors

e assessment

* manoeuvre
Behaviour

e brake

e evade

Passive safety
e airbag
e crumple zone

Crash objects
e obstacles

Post-crash

Physical condition

e resilience

Mental state

e shock

Behaviour

e manoeuvres fol-
lowing the collision

Experience

¢ calling in emergency
relief services

e protecting the
location of the
accident

State of the vehicle
e possibility of getting
out of vehicle

Protection
® warning

e special circumstances e cleaning up

such as roadwork

Escape routes
e hard shoulder
¢ soft shoulders
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Figure 1.3. Asmussen’s phase model

Transport phase
— Traffic Phase
— Encounter phase/conflict
— Crash phase
— Injury and damage phase
— Treatment and convalescence phase

A detailed example of the phase model:
We drive into town to go to the cinema:

transport concept
traffic situation
incident situation
accident situation
injury situation
recovery situation

- we are going by way of the ring road, it is dark, raining, puddles in road ruts;
- there are not many cars, a pedestrian, head tucked inside his collar, crosses the street;
- pedestrian jumps and freezes, car cannot swerve and skids;

- quite a crash, pedestrian is hit full on;

- police and trauma helicopter arrive quickly, pedestrian survices but is disabled,

and driver has trauma from the accident.
Phase Relates to

Transport phase Transport concept

Traffic phase Traffic situation

Examples of variables

Reason for journey, destination,
time mode of transport, route chosen

Behaviour in traffic, anticipation,
circumstances, number of cars on the road

It is not always possible to give a complete
description. The description on the accident
form gives a lot of information about the crash
phase or the injury and damage phase of an
accident or cluster of accidents, but there is
generally only little information about the
other phases. For this, additional information
is needed. The phases are mostly described as
logically sequenced events (scenarios) that
may have led to the group of accidents being
studied. The further away a phase is from the
ultimate accident (the mobility phase is furthest
removed), the harder it is to demonstrate how
the circumstances in that phase are related to
the accident.

An example of this dynamic systems approach
is Asmussen’s phase model [1.8], which is
based on the following principles:

e The traffic and transport process is a
dynamic process: it is a temporally progres-
sive complex of critical circumstances and
events. Every state is, therefore, just a moment
in time with a past and a follow-up. The fol-

low-up is determined by both the past and
the road user’s intended objective and
behavioural alternatives available to him.

* The process becomes increasingly critical,
especially when in a given phase the critical
states can no longer be ‘controlled and
removed’. The time and space for observing,
deciding and acting become smaller and
smaller. The earlier the intervention in this
chain, the more effective that intervention
will be.

» Every phase comprises different critical
combinations of circumstances, different
behavioural alternatives and different rela-
tions between individual behaviour and the
surroundings.

It is possible to zoom in on or out of certain
phases of this phase model. It is also possible
to detail a phase using other models such as
traffic flow models or crash models.

Figure 1.3 presents the essence of the phase
model.



Figure 1.4. Schematic representation of the development of an accident (red arrow) as a result of latent error and

unsafe actions [1.43, 1.64]

Latent
errors

Unsafe
actions

Leiden University developed a simpler model:
the latent error model [1.62]. This expresses the
same message and also explains that people
take decisions in the early phases of an accident
that may cause an accident in a later phase. An
important message of this model, too, is that
early intervention is useful. Accidents are very
rarely the result of a single unsafe action; they
usually involve a chain of circumstances and
events that result in an accident. Figure 1.4 is a
visual representation of a combination of latent
errors present in the system [1.43]. This so-called
‘Swiss cheese model’ also indicates that all
kinds of errors will have to occur more or less
simultaneously (that is, linearly in the schematic
representation) in order to result in an accident.

1980-1990: man as dominant link

Man was seen as the dominant link in the
chain [1.25, 1.71]. Against this background,
behavioural adaptation was also considered
as a cause. Solutions were sought mainly in
influencing behaviour.

1990-present: towards a preventive
approach of road unsafety

The previous approaches culminate in the
Sustainable Safety approach. The Sustainable
Safety vision was published in 1992 as a
collection of ideas on how to advance road
safety in a systematic manner. The systems
approach to road safety thus shifted from
curative to preventive. ‘Repairing what went
wrong’ becomes preventing serious accidents
from occurring and, if that is not possible, at
least reducing the severity of the outcome of
accidents. The ergonomics perspective plays a

1 Theory
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key role in this approach: the surroundings
(vehicle, road and surroundings) must be
brought down to a human scale.

Sustainable Safety is a comprehensive approach
that was initially implemented mostly at the
infrastructure level (Sustainable Safety start-up
programme). Later, emphasis shifted to other
system components and instruments (education,
traffic enforcement, ITS, et cetera): ‘Advancing
Sustainable Safety’. Sustainable Safety is the
leitmotiv for theoretical notions in current road
safety policy in the Netherlands [1.64, 1.72].

1.1.4 Sustainable Safety

The road traffic system is inherently unsafe:
the design of the current system is such that it
causes accidents and serious injuries. The
inherent road unafety and the fact that this notion
should be the starting point for improving safety
is inspired mainly by developments in other
sectors, such as aviation and the process indus-
try, where this awareness had dawned much
earlier. In short: Sustainable Safety replaces the
accepted curative approach to unsafe locations
by a proactive and preventive approach.

Sustainable Safety involves testing the entire
traffic system against its requirements. Elements
that do not meet these requirements (for ex-
ample, points where bicycles and cars meet)
are eliminated. This means that a traffic system
that meets the requirements of sustainable
safety is a system designed in such a manner
that road safety does not depend as much on
the choices of individual road users.

Sustainable Safety is defined as system in
which man is the measure of all things in an
integrated approach towards the components
road, vehicle and human. The infrastructure is

geared to human capabilities and limitations,
the vehicle offers support in the driving task
as well as physical protection and people are
sufficiently trained while, moreover, their
behaviour is also controlled.

Sustainable?

The word ‘sustainable’ is inspired by the
Brundland report on sustainable develop-
ment: development that meets the need
of the present generation without
compromising the ability of future
generations to meet their own needs.

Sustainable Safety was launched as a concept
in the early 1990s, implemented in subsequent
years and updated in 2005. The updated version
was published as ‘Advancing Sustainable
Safety’ and is characterised by:

* building on the successes of the past (further
improving the safety of the infrastructure);

* increased attention to and detailing of
education, regulatory framework and traffic
enforcement;

* more emphasis on technological develop-
ments;

* aplea for a quality assurance system;

* aplea for a comprehensive approach to road
safety in terms of measures, safety principles
and policy;

* emphasis on the importance of sound evalu-
ation, knowledge assurance and knowledge
exchange.

Sustainable Safety seeks to prevent crashes
and, where this is not possible, eliminate the
risk of injury wherever possible. In order to
achieve the objectives of Sustainable Safety,
man is taken as the measure of all things.
After all, people are the linchpin in traffic and,
moreover, the main cause of the road unsafety.



Table 1.3. The five principles of Sustainable Safety

Sustainable Safety principle Description

Functionality of roads Monofunctionality of roads as either through roads, distributor
. roads or access roads in a hierarchically structured network

Homogeneity of mass . Quality of speed, direction and mass at moderate and high

and/or speeds and direction speeds

Forgivingness of the

Injury limitation through a forgiving road environment and

environment and of . anticipation of road user behaviour

road users

Predictability of road course Road environment and road user behaviour that support road
and road user behaviour : user expectations through user expectations through

by a recognisable road
design

Road user’s state awareness : Ability to assess one’s capacity to handle the driving task

The human scale is defined by two character-
istics:

however well educated and motivated, people
make mistakes and do not always follow the
rules; as a result, people are the key cause of
accidents;

people are physically vulnerable and there-
fore susceptible to injury.

Sustainable Safety is aimed at reducing the
chance of errors and traffic violations or deal-
ing with their consequences.

The following points are the essence of
Sustainable Safety:

the prevention of (serious) crashes and,
where this is not possible, the almost total
elimination of the risk of severe injury;

the premise that man is the measure of all
things due to his physical vulnerability and
cognitive capabilities and limitations (such
as fallibility and offence behaviour);

* an integrated approach to the elements
human-vehicle-road which is tuned to the
human scale;

e aproactive approach to bridging gaps in the
traffic system.

These points have resulted in the five sustain-
able safety principles presented in table 1.3.

The functionality of roads

Traffic has two functions: to flow and to
exchange. These are very different functions
and they each require a specific infrastructure
and specific use requirements. This traffic
engineering distinction was inspired by the
functional categorisation of roads according to
Buchanan, who viewed the traffic system as a
system of ‘rooms and corridors’ [1.73].

Theory
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The Sustainable Safety principle of function-
ality is based on this traffic engineering dis-
tinction. According to this principle, roads
ideally fulfil just one single function (mono-
functionality). Through roads are meant to
enable traffic to flow as much as possible and
must be designed in such a way that traffic can
move safely from A to B at high speed. This
road type is specifically suited for through
traffic. It would be preferable if traffic could
drive the largest part of a journey along
through roads. Access roads are meant to pro-
vide access to destinations. On these roads,
fast traffic mixes with vulnerable road users
such as pedestrians and cyclists. Residence is
the main function here and motorised vehicles
are guests. This traffic function also requires
its own infrastructure. Finally, connecting
roads have been defined and are called dis-
tributor roads. This road type has a flow
function on road segments and an exchange
function at intersections and connects through

roads with access roads as well as through
roads with through roads and access roads
with access roads.

Figure 1.5 shows the different road types in a
network.

Homogeneity of mass, speed and direction
In a crash, the human being’s vulnerability
comes into play. Injury is the result of a com-
bination of released kinetic energy (mass X
speed), biomechanical properties of the human
body, and the physical protection that the
vehicle offers its occupants (the more kinetic
energy is released, the greater the injury). The
homogeneity principle states that, where road
users or vehicles with large mass differences
use the same traffic space, the speeds should
be so low that the most vulnerable road users
and transport modes come out of a crash with-
out any severe injuries. There where the traffic
uses high speeds, road users should be physic-

Figure 1.5. Three functional road types as the basis of sustainably safe road traffic [1.64]

s Through road

Distributor road

Access road

Residential area




Table 1.4. Proposal for safe speeds in different situations

Road types in combination with permitted road users Safe speed (km/h)
Roads with possible conflicts between cars and 30
unprotected road users

Intersections with possible transverse conflicts between cars 50

Roads with possible frontal conflicts between cars 70

Roads with no possible frontal or transverse conflicts between >100

road users

ally separated from each other as much as pos-
sible and be protected by their vehicle. Studies
of collisions between pedestrians

and cars [wl.1] and the Swedish Vision

Zero study [1.74] have resulted in the follow-
ing recommended safe speeds in different
situations. These are included in the updated
Sustainable Safety vision, see table 1.4.

Physical forgivingness: environment
Forgivingness is also an important factor in
preventing injury. Forgiving environment
ensure that the consequences of errors remain
limited. This is particularly important in traffic
situations where people drive fast. In the elab-
oration of this principle, one could think of
safe (for example, matted) shoulders, obstacle-
free zones, or collision-friendly obstacle
protection.

Social forgivingness: road user behaviour
Traffic is a social system in which crash
causes can partially be traced to the interaction
between road users. Therefore, it is important
that road users allow for each others’ short-
comings. This is the social elaboration of the
principle of forgivingness.

Forgiving road behaviour, particularly of the
more competent road users, could increase the
possibility for less competent road users to com-
mit errors without any serious consequences.

Recognizability

A recognizable layout of a road prevents unsafe
actions in traffic as much as possible because
road users know what to expect both from the
behaviour or other road users and their own
behaviour. This can be achieved by consist-
ency in road design and continuity in road
course. Ideally, the road layout supports the
road user expectations along the whole length
and the road design elements correspond to
these expectations. This is related to the prin-
ciple of credibility. The road layout must be
credible in terms of the rules in force and the
use of the road. People appear to make fewer
mistakes if they have to react to situations that
they expect compared to unexpected situations
[1.57]. People also make fewer mistakes and
fewer dangerous mistakes if their actions are
routine [1.42, 1.43]. In these senses too, a rec-
ognizable road layout plays a supporting role,
which is of vital importance when high speeds
are involved.

Theory

1

49



50

Record 26: Road safety manual

Figure 1.6. Schematic representation ]
of the elements that play a role in safe Road Vehicle
road use [1.75, 1.76]

Task d ds (D)

(Weather)
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I

T>D —> control
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PhysEaI conditions
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Task capability (T)

Psychoactive
substances

lliness
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\Psychologlcal conditions
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\ calibratio

Attitudes

Insight

Competences (C)

Knowledge

Experience

Training

State awareness 1.2 Psychological aspects

The principle of state awareness involves a The human factor is instrumental in almost all
road user being capable of assessing his accidents. It is important, therefore, to take the
task competences for the given task require- possibilities and limitations of road users as
ments of traffic. Traffic must be sustainably starting point for designing the road and traffic
safe for everyone, not just for the ‘average environment: man as the measure of all things.
road user’. People have more or less stable People are imperfect, make mistakes or are
characteristics (competences), but can also still learning. Moreover, some people deliber-
be temporarily influenced by factors such as ately look for risks. As such, ‘man as the meas-
alcohol, stress or fatigue [1.75]. The combin- ure of all things’ does not refer to a perfect
ation of competence and the actual situation human being, but to a regular, ‘standard’,

determines how capable a road user is to cope vulnerable road user with all his shortcomings
with the driving task (see figure 1.6). The task who should be taken into consideration as
requirements are determined by environmen- much as possible in the traffic system.

tal factors, but the road user can adapt them

by, for example, driving faster or slower.



Human causes of accidents

A study of human errors [1.25] showed that almost half of all accidents with human causes had

to do with perceptual errors:

e Improper lookout occurred frequently on intersections. Drivers would look, but failed to see
other road users, did not pay attention, or failed to look in the right direction.

¢ |nattention often had to do with drivers failing to see on time that the car before them
stopped or braked.

e Internal distraction also played a key role.

Figure 1.7 shows what happened immediately before the accident, to what extent various
human factors played a role and in what percentage of accidents this may have been a
contributing factor. The study in question used two data sets (2,258 accidents that were
extensively analysed ‘on-site’ and 420 accidents that were extensively analysed after the fact
(‘in-depth’). The data sets produced similar results.

The dark blue bars indicate the percentages of accidents in which the researchers were ‘certain’
that the factor in question was one of the causes (reliability interval 0.95 - 1.00) and the light

blue bars show the percentages including the cases in which the researchers classified the factor
in question as ‘probable’ or ‘possible’ (reliability interval 0.80 - 0.94).

Figure 1.7. Traffic-related causes of accidents and their relative contributions to accident numbers [1.47]

% of accidents

5 10 15 20 25 30
1. Improper lookout In—depth 16 23.1
Onssite  [NNNNE0! 203
2. Excessive speed In-depth NS 16.9
On-site NN 14.7
: in-depth NG 150
3. Inattention Onsite 8 139
) . In-depth  [NGIE 133
4.1
mproper evasive action On-site _ e
) . In-depth [EZ 9.0
5. Internal distraction Onsite [0 6.1
ving technique | "-depth NGO 50
6. Improper driving technique Onsite BMIZS
7. Inadequately defensive In-depth  [2H 8.8
driving technique Onsite 28 4.9
8. False assumption In-depth [N 83
On-site [N 118
9. Improper maneuver In—depth [0l 6.2
On-site R 7.0
. In-depth BBl 6.0
10. Overcompensation Onsite  [i8 32
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Figure 1.8. Continuum of traffic events, from undisturbed journeys to fatal accidents [1.77]

seriously
injured

slightly
injured

near-accidents

slight conflicts

potential conflicts

undisturbed passages

With training, however, people can get better
at performing a task, perform it more smoothly
and make fewer mistakes. Moreover, people
have certain skills that technology cannot yet
take over, such as anticipating complex situ-
ations and dealing with them instantly. Every
time they make a journey, people make deci-
sions, and most of them are the right ones. The
pyramid in [1.77] clearly illustrates that most
of the time most of what happens in the traffic
process turns out right, with only the occa-
sional incident (figure 1.8).

1.2.1 Road unsafety caused by the road user
Human errors are the main cause of traffic
accidents. Based on this general observation,
it would seem useful to investigate what type
of human error immediately precedes an acci-
dent. The question remains as to how the cause
of the accident came about. For example: what
was the reason why a driver was distracted
from driving? Was he under the influence of
alcohol? Countermeasures cannot be taken
until the real reason is known. An inventory
that drew a lot of attention from road safety
experts was the ‘100 car naturalistic driving
study’ in the US. As part of this study, 100

cars were fitted with a video camera filming
the driver’s face and events outside [1.40].
This showed what happened immediately
prior to an accident and under what circum-
stances, such as roads, weather conditions, and
what the driver was doing. If, for example, an
accident happened while the driver was making
a phone call, this could be compared to other
situations in which drivers were calling but no
accident happened. This gave a good assessment
of the real risk related to making phone calls
while driving. This is an extremely valuable
study, because it also provided information

on the non-occurrence of accidents under the
same circumstances.

A special category of disturbed concentration
is thinking about other things, such as home,
work, daydreaming and the like. This is not a
case of deliberate external distraction, but
rather internal distraction. Obviously, it is dif-
ficult to ascertain what proportion of accidents
is caused by this type of distraction. The ‘100
car naturalistic driving study’ does give an
impression of external distraction, but, under-
standably, gives no indication of the driver’s
thoughts. At best, the observation made in the



event of an accident is ‘looked but failed to
see.” It will then be necessary to study why the
object in question was not seen. Research has
shown that ‘looked but failed to see’ played a
role in 10% of the accidents studied. If acci-
dents caused by alcohol and drowsiness/
fatigue are disregarded, the percentage
‘looked but failed to see’” was as much as
22.8% [1.13, 1.61]. Accident analysis only
yields information about the accident and sel-
dom provides any pre-crash information. As
such, we should be wary about interpreting
accident statistics too quickly. The American
‘100 car naturalistic driving study’, for
instance, demonstrated that almost all acci-
dents happened on straight roads. But then
again, most non-accidents also occurred on
straight roads. The fact of the matter is that the
majority of roads are straight. It would be
wrong to conclude from the fact that in 85% of
the accidents the driver was calling, making
phone calls while driving is extremely danger-
ous . For if, generally speaking, it appears that
85% of people are making phone calls while
driving, then that figure is meaningless and
presents nothing more than a starting situation.
This example clearly shows the importance of
knowing how frequently something occurs in
non-accident situations (exposure degree).

The American study shows that doing some-
thing else (secondary task) while driving
affects the chance of an accident. However,
fatigue is one of the principal contributors to
the chance of an accident (see table 1.5).

This clearly shows that certain activities con-
siderably increase the chance of a (near-)acci-
dent. ‘Insect in car’, for example, has a high
score, but this happens so infrequently that it
is difficult to ascertain whether there is a real

effect. According to this study, a passenger in
the passenger seat significantly decreases the
chance of a (near-)accident. Apart from the
fact that the presence of a second person may
affect a driver’s behaviour (for instance
through the passenger’s sense of responsibil-
ity) or keep him alert, the passenger can also
help monitor what happens on the road and give
a warning, if necessary. Incidentally, the effect
of certain influencing factors depends on the
target group. A different study showed that the
presence of male peers does increase the chance
of young men getting into an accident. A few
simple theories on how people process infor-
mation will be described below. In general, the
processing of information is understood as
cycle of perception > assessment > decision >
action. Seeing (visual perception) plays a key
role in road use. It should be noted that not
everything that is visible is always seen. Per-
ception is not a passive process, but an inter-
action between seeing and the road user’s
expectations.
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Table 1.5. Type of distraction and the factor with which the chance of a (near) accident

increases or decreases

Type of distraction

Increase/decrease in chance of accident or
near-accident (1 = neutral)

Moderate to severe fatigue
Complex secondary task1)

Normal secondary task2)

Simple secondary task3)

Reaching for a moving object
Insect in car

Looking at external object

Reading

Applying make-up

Dialling a number on mobile phone
Changing CD

Eating

Reaching for non-moving object
Talking in or listening to mobile phone
Passenger on passenger seat
Passenger on back seat

Child on back seat

Comment:

6.23
3.10
2.10
(1.18)
8.82
(6.37)
3.70
3.38
3.13
(2.79)
(2.25)
(1.57)
(1.38)
(1.29)
0.50
(0.39)
(0.33)

Factors that deviate significantly from 1 are presented in bold; these lead to an increased or decreased chance of an accident.
The figures between brackets do not differ significantly from 1 (no increased or decreased chance of an accident).

1) A complex secondary task includes dialling a phone number, using a PDA, reading, applying make-up, et cetera.

2) A normal secondary task includes having a telephone conversation, holding a mobile phone, changing a CD, eating, et cetera.
3) Asimple secondary task includes adjusting the radio, talking with a passenger, drinking, smoking, et cetera.

1.2.2 The driving task

The driving task is often considered a single
task, but is, in effect, a combination of tasks:
operating the vehicle (with sub-components
such as steering, accelerating and braking),
keeping an eye on other traffic (checking in
mirrors, watching vehicles in front, et cetera),
keeping an eye on traffic signs, lights and the
like and driving a certain route (for example
choosing the right route based on signposting).
Personal characteristics, motivation, attitude
and ambitions all play a key role in performing
the driving task.

The driving task can be described in a model
comprising three levels: the strategic level,
the tactical level and the operational level
([1.37]).

» The highest level is the strategic level,
which includes the planning aspects of the
driving task, such as the destination (where
am I going?), the choice of transport mode
(will I take the car?) and the route to take
(what road will I take to my destination?).
At this level, information processing and
decisions take place only occasionally while
driving (after having left home), at minute-
or even hour-long intervals (on longer jour-



neys). Information processing at this level is
almost entirely conscious.

¢ The middle level is the tactical level, which
concerns tasks related to the interaction with
the road/road environment, such as bends,
lanes, signs and traffic lights, and with other
road users (other drivers, but also cyclists and
pedestrians). There are frequent activities at
this level, at intervals of several seconds to a
few minutes. Information processing at this
level is partly conscious, partly automatic.

* The lowest level is the operational level,
which entails the actions needed to control
the movement of the car, such as steering,
accelerating, braking. Activities at this level
are most frequent, almost continuous, with
the occasional brief interruption (at intervals
of only seconds or even tenths of a second).
Tasks at this level are almost entirely automatic
—which is a good thing, because some deci-
sions must be taken within a split second.

To do justice to the personal aspects of road
users, Keskinen [1.30] distinguishes a fourth
driving task level ‘on top of” the three levels
described above: the level of Goals for life and
Skills for living. This level is included in the
GDE matrix in Chapter 9.

Alexander and Lunenfeld [1.5] distinguish dif-
ferent levels of complexity in the driving task
(driving inside the lines is less complex than
finding a route in an unfamiliar city) and differ-
ent levels of urgency (see figure 1.9). The most
urgent task always has priority. This is always
the task at the next lowest level (tactical or
operational level). A sudden gust of wind or flat
tyre will shift all attention to the lowest level
(operational level) in order to keep the vehicle
on the road, completely interrupting information
processing for the route to be followed at strategic
level.

The way in which a road user performs the tasks
depends largely on routine. While some tasks
require a driver’s undivided attention, others are
more or less automatic. These different levels
of performing tasks are often described using
Rasmussen’s SRK model of human behaviour
[1.42] as knowledge-based, rule-based and
skill-based behaviour.

Figure 1.9. Three levels of the road user’s task and their
interrelations, according to Alexander and Lunenfeld [1.5]
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Figure 1.10. The road user’s task in three
dimensions ([1.54])
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Knowledge-based behaviour is often related to
new situations. An example is a novice driver
who still has to think about switching gears,

or a driver driving in the centre of an unfamil-
iar city. New knowledge is constantly being
garnered and applied, in an attempt to see what
works best. At this level, information process-
ing and behaviour are very deliberate. This
level requires a lot of attention and time, which
makes it quite taxing. There is a high risk of
making a mistake, particularly when driving at
relatively high speed with little time to respond
to changing or unexpected circumstances.

Rule-based behaviour is characterised by the
use of rules and procedures to select a course

of action in a familiar situation. The rules can
be a set of instructions, such asif ... then ...,
and can be acquired through experience or
taught by someone else. An example is right
of way: road users learn that they should give
right of way when they see give-way road
markings. Rule-based behaviour is generally
about interpreting everyday situations and
scenarios. Over time, a rule emerges on how to
handle a certain situation and recognition will
result lead to behaviour appropriate to that situ-
ation. A potential problem with rule-based
behaviour is selecting and applying the wrong
rule. Once started, a series of fixed behaviour
patterns is often difficult to interrupt. An ex-
ample: the approach to a priority intersection



Figure 1.11. Combined behavioural model of factors affecting the behaviour of road users
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or a regular junction without any designated
priorities is often characterised by a different
but stereotypical viewing pattern. A driver
approaching a regular junction will concentrate
mainly on traffic coming from the right. Most
people don’t even look left. At a priority inter-
section, drivers first look left, then right. A
driver who thinks he is approaching a regular
junction (selecting the viewing pattern for a
regular junction) and performs the appropriate
actions, will easily overlook traffic from the
left if it turns out to be a priority intersection.
Another example: if a driver is approaching a
roundabout and the car in front accelerates, that
driver will also start moving and looking out for
traffic from the left. But if the car in front then
decides to stop, that is easy to miss because the
driver expects the car in front to have driven on.

Skill-based behaviour represents a type of
behaviour that requires very little or no con-
scious control to perform or execute an action.
An example is a skilled driver who drives
inside the lines — this requires no thought and
minor deviations in his position will automat-
ically lead to a steering correction. Skill-based
behaviour occurs when a task has been trained
alot, such as changing gear. A novice road
user hardly has any skills at this third level,
and will need to concentrate more or less con-
sciously on the performance of all subtasks.

In general, most behaviour at strategic level
will be knowledge-based, at tactical level rule-
based, and at operational level skill-based. If
these classifications are linked to the cycle of
perceptions, this results in a representation of
the road user’s driving task as shown in figure
1.10.

This model is not so much an explanation

of traffic behaviour as a system description.
Several other factors affect how the road user
experiences or interprets matters, such as the
design of the road environment, the behaviour
of other people and, last but not least, the driver’s
characteristics.

A frequently used theoretical model in
psychology is Ajzen’s theory of planned
behaviour [1.2], which suggests that a person’s
behaviour is determined in part by his
intentions. These intentions are, in turn, a
function of that person’s attitude, subjective
norm (‘what do I think others think about it”)
and perceived behavioural control (‘am I
capable of keeping the car on the road at this
speed’). Figure 1.11 represents the application
of this model to the perception-assessment-
decision-action cycle discussed in the next
section [1.22].
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Figure 1.12. Taxonomy of unsafe actions [1.64, 1.43]

uninentional errors

>I slips ld—l

unintentional skill-based
= action behaviour
I ;I lapse }4_—'
unsafe
ERIES rule-based
f behaviour
| ;l mistake Iq—
intentional
» a=iem knowledge-based
behaviour
. conscious
g violation

Unsafe behaviour can be roughly divided into
consciously unsafe and unconsciously unsafe
behaviour [1.23]. In the case of consciously
unsafe behaviour, the road user is aware of the
fact that he is doing things that are not permit-
ted or dangerous; he has his own reasons for
taking the risk anyway. In the case of uncon-
sciously unsafe behaviour, the road user thinks
he is behaving correctly and is, therefore, not
aware of the fact that he is acting dangerously.
Measures to influence consciously unsafe
behaviour are mostly on the level of enforcing
correct behaviour and traffic enforcement.
Unconsciously unsafe behaviour can be pre-
vented by proper training and information and
aroad and traffic environment that is opti-
mally geared to the road user’s expectations.

An important qualification is that most
offences are not committed deliberately or
attitude-driven [1.78]. Primary reasons for
violating the rules are habitual behaviour,
social manipulation such as copy-cat behaviour
and — as taught in driving class — ‘going with
the flow’, even if that flow is going too fast.

Reason [1.43] has become very famous for his
book on human error. His taxonomy of human
error is based on Rasmussen’s SRK model
(see figure 1.12). In considering the human
contribution to accidents, the difference
between errors and conscious violations is of
particular importance. Reason emphasises this
difference because they have different psycho-
logical origins and demand different modes of
remediation. He asked 520 drivers to complete
a questionnaire which asked them to judge the
frequency with which they committed various
types of unintentional errors or violations
when driving. Three factors were identified:

e conscious violations;

* dangerous errors (for example not watching
what you are doing and cutting someone off
as a result);

* relatively harmless slips and lapses
(for example switching on the wind-screen
wipers instead of the indicator).

Violations declined with age, errors did not.



1.2.3 Cycle of human information processing
The cycle of human information processing
comprises four steps:

1 perception;

2 assessment;

3 decision;

4 action.

Step 1: Perception

Visual perception plays a key role in performing
the driving task. It is said that approximately
90% of the input, the information that drivers
use, is visual. Not everything that is present in
the road environment is necessarily actually
seen. Perception is preceded by a process of
selection: an object has to be selected before it
can be assessed. In most cases, selection starts
by directing your gaze at it, as in looking at a
traffic sign, for example.

This attention process can be controlled in two
ways: by the driver himself or based on the
information that the driver has to deal with.
An example of driver-directed attention is a
driver who is looking for a certain street and
scanning all street signs until he finds the right
one. However, sometimes this process is less
explicit, for example when a driver monitors
the surroundings based on his expectations —
drivers expect traffic signs on the right side of
the road, and will look for them there. In the
case of information-directed attention, drivers
are not explicitly looking for something, but
their attention is drawn by an object, such as
the brake lights of the car in front, or a car that
is overtaking them.

The information offered in a traffic environ-
ment is so extensive that road users cannot
select and assess all of it. For experienced
drivers, the visual selection process of driver-

directed attention plays a key role. In this case,
perception is an interaction between the road
user’s expectations and the object he looks at
and perceives.

This distinction between driver-directed and
information-directed attention when driving is
of paramount importance. If a road user is look-
ing for information but does not find it where he
expects it, chances are that that information will
not be found at all [1.57].

However, expectations may be so strong that a
driver looks at the traffic sign without its real
message sinking in [1.33] — the driver sees what
he expects. The surroundings of the new sign
does not affect the driver’s selection process as
much as the driver’s search criteria.

With knowledge-based tasks, the driver
attempts to divide his attention as efficiently as
possible, trying to take in everything. Inexperi-
enced drivers hardly have any self-directed
control. This means that there is considerable
competition between the information offered,
because every element from the surroundings
could be selected, depending on its conspicuity.
That carries a risk, because a driver cannot look
at everything and, lacking experience, may look
at things of minor importance. At the rule-based
level, the driver uses a self-directed approach in
which he has clear expectations, clearly directing
his attention toward certain elements. In most
cases, his expectations will match the important
objects. The problem is that the self-directed
approach is so strong that things that are
equally important but are not in line with the
driver’s expectations are sometimes not
selected or are looked at but not consciously
perceived. A classical example is the looked-
but-failed-to-see accident described earlier.

A lot has been written about this phenomenon
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in the literature, because it is remarkable that a
driver did look in the right direction yet failed
to see the cyclist coming toward him. The
driver kept on driving and hit the cyclist,
shocking the driver because he was convinced
that he had looked but that there was nothing
there. This type of accident frequently occurs
with cyclists and motorcyclist (but sometimes
with larger vehicles as well). The explanation
often given is that a driver actually looks to see
whether there is another car, as this is what
occurs most of the time. So whereas cars do
meet the expectations, cyclists and motor-
cyclists do not. In these cases, drivers want to
act safely and do look, but false expectations
result in dangerous situations and accidents.

It is important, therefore, to check whether the
nature of the information and the location at
which it is offered fit the road user’s expect-
ations. If not, the information will have to have
extremely information-directed characteristics
(large size, striking colours, a background
plate for signs or blinking lights) and be cap-
able of actively attracting attention.

Perception means becoming aware of some-
thing through the senses. In traffic, sight is
most important, but hearing plays a role as
well. Sometimes even sense of balance comes
in, alerting a rapidly accelerating driver to the
chance of going off the road or tilting.

All senses have a number of elementary prop-

erties in common:

* There is an absolute perception threshold.
The amount of energy reaching the senses
(light, sound) must exceed a certain min-
imum to be perceived. A slight noise, for
instance, will not be heard.

There is a difference threshold. The differ-
ence between two stimuli (for example two
sounds or two colours) must be large enough
to be able to perceive the difference. The
threshold value for this difference is a roughly
constant ratio (the Weber fraction) between
the change in the stimulus and the original
stimulus. For example: when someone has
100 coins in his hand, he will not notice the
addition of a single coin. That only happens
after about five coins. But if the starting situ-
ation is 1,000 coins, the difference is not
perceived after five coins, but after about
fifty. The Weber fraction, or the just notice-
able difference, for weight equals about 5%,
but this fraction is different for each of the
senses.

Senses demonstrate adaptation: The longer
a constant stimulus is continued, the more
the sense’s response to that stimulus
decreases. Adaptation of the eye to light is
an everyday example: when you drive into a
dark tunnel, you will at first see very little,
until our eyes have adjusted to the dark and
you will start seeing again. Adaptation to
darkness is slower than adaptation to light.
Adaptation to a truly dark environment may
take up to an hour, while adaptation to
bright light happens in a matter of seconds.
It is for this reason that tunnel entrances are
more dangerous than tunnel exits.

The relation between the strength of the
stimulus expressed in physical units and the
resulting perception is (almost) never linear.
If, for example, the light intensity of a lamp
is doubled, the subjectively perceived light
intensity only increases by 25%.



Expectations and road environment

Because the expectations of road users play such an important role, the road design, the
roadscape and the traffic situation must be optimally geared to these expectations and
automatically elicit traffic-safe behaviour. This notion is at the core of the recognisability
principle of Sustainable Safety and the concept of Self-Explaining Roads (SER).

Roads are self-explaining when desired behaviour matches the road users’ expectations [1.55,
1.56]. The expectations that road users have or develop concerning a certain category of roads
is related to both the infrastructure design and the intended use by himself and other road
users. Unexpected traffic situations simply demand more of the road user’s time to detect them,
perceive them, interpret them, assess them and respond to them in the correct manner. A
transition from one category of road to another or from one method of directing traffic to
another requires a carefully designed environment. Moreover, the road user must have
sufficient time to adjust his behaviour. Alexander and Lunenfeld [1.5] distinguish between
a-priori expectancies (which are long-term and based on past experience, such as ‘red’ for
danger and ‘green’ for safe) and ad hoc expectancies, which are short-term and based on
recent situations encountered when driving. An example is that if a sign warns against a
number of bends in a winding road, this creates the expectation that there will be warnings
against all sharp bends.

Both forms of expectation not only play a key role in recognising and understanding (see also
section 2.2.4.2) road situations, they are also important in handling certain traffic measures. If,
for instance, an elderly driver no longer wants to drive in the dark, but is not averse to driving a
familiar road section where he knows there is sufficient public lighting, a measure such as
switching off or considerably dimming the public lighting at night (dynamic public lighting) will
come as an unexpected surprise to him, resulting in insecurity and possibly incorrect behaviour.

Conspicuity

The degree to which information carriers or objects draw attention differs: the visual conspic-
uity of objects varies. There are objects that inevitably catch the eye. Advertising companies
know all about this, but have to then do everything in their power to explain that their
messages are applied in such a way that they do not draw the attention of passing drivers and
are not, therefore, a safety risk ...

Conspicuity can be expressed as the maximum angle from which an object can be detected
without looking at it directly [1.18]. The larger the angle, the more conspicuous the object has
to be. There is an optical instrument that can quickly and reliably determine the conspicuity in
concrete situations (the ‘conspicuity meter’ [1.65]). It is a known fact, for instance, that lights
that switch on can attract a large measure of attention. The drawback is that something that
attracts attention can also distract from other important issues. Advertising should, therefore,
for safety reasons, have to meet certain requirements: not too conspicuous and preferably not
located in places where the driver already has a stressful driving task, such as at route choice
locations, entries and exit roads.
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Perception threshold and difference threshold in perceiving movement and speed
in traffic

The absolute threshold value for movement of an object lies in an angular dimension (so that
the change in the angle at which an object is viewed) in the order of two minutes of an arch per
second. At an equal angular dimension, the moving object may be close by and moving slowly
or further away and moving rapidly. Without indications as to distance, the eye cannot
distinguish which it is.

Table 1.6. gives examples of differences in speed a driver can perceive between himself and the
vehicle in front. When driving 40 m behind the other car, a driver can perceive a difference in
speed of 5 km/h. If the distance is 160 m, the difference must be as high as 27 km/h in order to
be perceptible and at a distance of 320 m 64 km/h.

Table 1.6. Smallest perceptible speed difference with vehicle in front (measured in
the dark, thus based on perception of the relative movement of the rear lights of the
vehicle in front)

Perception distance (in metres) . Perceptible speed difference (in km/h)
40 : 5
80 o

160 - 27

320 © 64

640 © 151

As a result, it is very difficult to formulate rules as to what people can and cannot estimate.
Human perception is strongly influenced by specific circumstances. For similar reasons, it is
difficult for people to ascertain whether they are nearing an object or the object is nearing
them.

Adaptation in perceiving movement and speed in traffic

The phenomenon of adaptation also occurs in the perception of movement and speed.
Habituation to your own driving style is an important factor to consider here, for instance
when turning off a motorway onto a lower-order road. Having driven at the same high speed
on the motorway then gives the driver the idea that the lower speed is illogically low, as a
result of which he will increase his speed — an undesirable situation to say the least.

It has also been found that adaptation to a higher speed is completed within a short period
of time (1 to 2 minutes on the motorway), while getting used to a lower speed is a much
slower process. This may have as a result that a driver does not want to drive too fast, but,
looking at the speedometer, constantly finds himself doing so. This is clearly not a case of
‘consciously unsafe’ behaviour (taking the risk of driving too fast) but more of ‘unconsciously
unsafe’ behaviour.



Non-linear relation between subjectively perceived and objective own speed

Figure 1.13 presents the relationship between objective and subjectively perceived own
driving speed. Actual and perceived speed differ: up to approximatly 65 km/h, there is
subjective overestimation, at higher speeds underestimation.

Figure 1.13. Relation between actual and perceived own speed
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Another contributing factor is the height of the driver in relation to the road surface. The
impression of speed appears to be proportional to the number of the person’s eye levels
above the road surface someone covers in the direction of movement per second. A pedes-
trian covers approximately 1 eye level per second, a driver in a passenger car approximately 10
and a lorry driver approximately 4. This is the reason why driving in a lorry appears so much
slower than driving in a passenger car at the same speed. In the extreme case of an aero-
plane, this ratio is in the order of 0.03.

The environment, too, determines how fast we think we are driving. In a narrow street with
lots of vertical elements (buildings or trees flanking the street) and a rough surface (for example
cobblestones) drivers think they are going fast, while when driving at the same speed on a
motorway with broad lanes they believe they are going very slowly. If we want to take
measures to influence the perceived speed, these and similar factors will have to be taken
into account.
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Step 2: Assessment of information

The previous section (on detecting and per-
ceiving information) discussed a number of
fundamental properties of the senses. This sec-
tion addresses the subsequent phases of recog-
nition and interpretation of information.

Recognition

‘Recognition’ or identification takes place
when the information offered corresponds to
what a road user knows or has experienced
before. This, of course, comes in different
stages: some things he sees every day, others
hardly ever. When you have expectations
regarding what is to come (for instance the
word Amsterdam on traffic signs), recognition
and identification happen quickly when the
sign contains the expected word.

This can be illustrated by means of the debate
on what is known as the reading time formula,
which represents the relation between the
number of names on a sign and the time
required to read the sign. This formula is as
follows:

T =N/3 + 2 (seconds)

Where: T = required reading time, N = number
of information elements on the sign.

This formula can be used to determine the max-
imum number of names on a sign at a certain
driving speed. That number would always be
low: never more than five or six on signs on
motorways. A considerably more realistic
starting point is that drivers do not have to
read all names when looking for a specific
destination because they know what they are
looking for. If the destination in question is

on the sign, a driver will have to read only

half of the names on the sign, on average,
before finding the right name.

The visual representation will also help the
driver to recognise the name he is looking
for. Studies based on this principle [1.3, 1.4]
concluded that the number of place names on
traffic signs could well be higher than hitherto
assumed on the basis of the reading time for-
mula (see figure 1.14).

The distance at which the driver is capable of
determining whether the destination looked
for is on the traffic sign decreases only slowly
with the number of names on the traffic sign.
Even if there are ten names, decision distances
are not overly short. If the name is not on the
sign (‘no’ in figure 1.14) decision distances
are shorter, of course, because a driver will

Figure 1.14. Decision distance as a function of the
number of names on a trafficsign [1.4]
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Data from a previous study [1.3] is also plotted for
'yes’ cases, i.e. those cases in which the name looked
for was on the traffic sign.




then have to read on until the very last name.
In that case, the line slopes more steeply.
However, this situation is not as critical as the
‘yes’ situation, although ten names will prob-
ably be the practical maximum.

A hard requirement for placing signs above or
alongside the road is that the road user must
have finished looking for the right name
before the sign is out of his range of vision.
The last thing we want is a situation in which
drivers slow down to read the signs. In order to
prevent this, signs along the road must be
placed at a distance of a/tancl, where a is the
lateral distance between the driver and the sign
and o the angle between the line observer/sign
and the line perpendicular to the sign. This
means that the distance to the sign on which
the search process must be completed is
approximatly 50 m. The value is similar for
signs and panels above the road.

A second hard requirement for signs is that the
letters and symbols must be large enough for
road users to be able to read what they say. At
a given font, the maximum legibility distance
of the text depends on the observer’s visual
acuity, the letter height and the legibility co-
efficient of the letter used. This coefficient is
expressed in the maximum legibility distance
in meters per cm of letter height. The visual
acuity of Dutch road users aged 18 and over is
distributed normally, with an average of 1.61
and a standard deviation of 0.54. It follows
that 85% of this population has a visual acuity
of 1.06 or higher. This 85th percentile value is
usually taken as the basis for the design of texts.

Understanding

Even while a message is clearly legible and
identifiable, it is not necessarily understand-
able. The understandability of a message can
be expressed as the chance that users give it
the intended meaning. Figure 1.15 is about the
understandability of a pictogram near the exit
of a building.

For a message to be understandable, it is better
to use existing symbols than new ones. There
may be occasions on which a new design is
easier to understand, but because people
already know the meaning of the initial picto-
gram, they fail to grasp the new symbol. Link-
ing up with existing meanings wherever pos-
sible has proved to be effective. Here, too,
expectations play a clear role. People are very
bad at combining different signs. An example
is a prohibitory sign with a sign below it stat-
ing: “This applies to’. In such cases, it is often
not clear what you are allowed to do and what
not (figure 1.16 on the left). Different encod-
ings with the same meaning (prohibition) can
also result in problems with understandability
(figure 1.16 on the right).
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Understandability of pictograms

The example in figure 1.15 [1.66] illustrates the understandability of pictograms that are
supposed to represent the entrance to and exit from a building. Of the more than 300 subjects
that were asked to point out the symbol for ‘entrance’, 93 selected ‘exit’. When asked to point
out the symbol for ‘exit’, 264 of the more than 350 subjects selected the correct symbol, while
87 selected the symbol for ‘entrance’.

Figure 1.15. Understandability of graphical messages (pictograms): the confusion between ‘entrance’
and ‘exit’
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Figure 1.16 Example of a sign that is difficult to understand due to a combination of messages (left) and prohibitory
signs with different encodings (right), without and with red line through the pictogram
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Itis not easy to give a general indication of
when a road design is understandable. What is
certain is that unambiguity is important. There
has been a lot of debate in recent years about
extra lanes during rush hour, which are emer-
gency lanes that can be used as extra driving
lanes. Initially, extra lanes had discontinuous
markings (11 m of white line, 1 m interruption)
to make it clear that drivers were allowed to
cross this line. However, outside rush hour a
red cross had to be shown on the digital traffic
signs to indicate that this lane was not to be
used.

The Ministry of Transport, Public Works and
Water Management did not think it was a good
idea to have a red cross over the lanes for most
of the day, while there was nothing in particular
going on; they were afraid of devaluation of
the function of the red cross. It was decided,
therefore, to use a continuous line to mark the
extra rush hour lanes. Such continuous lines
could be crossed when indicated by a green
arrow above it. But because people have learnt
not to cross continuous lines, the message to
the drivers was ambiguous. First of all, drivers
had just got used to the concept of an extra
rush hour lane and the road layout that went
with it. Secondly, that layout then confused
the message of the continuous marking. It is
not inconceivable that drivers would then think
they could also cross continuous markings at
will in other situations.

Because this solution has since been shown to
cause problems (with drivers using the extra
lane during rush hour even though it was
closed), the road authorities have reverted to
showing a red cross above a closed extra lane.
Research is currently being conducted into a
final solution that is acceptable to all.

Step 3: Decision

Once the road user has collected and assessed
the information, he has to decide what to do
with it.

Even if the process of seeing and assessing
information has gone smoothly, different road
users may take different decisions on what to
do with that information. A study by Lewis
and Cook [1.32] illustrates this well. The
warning sign for falling rocks — well known in
alpine countries — is an excellent sign in terms
of perceptibility and understandability. Lewis
and Cook asked their subjects what they
would do if they saw this sign. Half of them
said they would speed up to decrease the
chance of being hit by a rock falling at that
precise instant. The other half said they would
slow down in order to be better able to swerve
around rocks on the road. So even an excellent
sign can lead to divergent decisions.

A second element in the decision-making
process is that road users are not led solely by
information just gathered, but also by their
own motivations. A driver may decide to
ignore a clearly visible and understandable
sign because it disallows what the driver wants
to do. An example is the sign prohibiting
U-turns. A lot of drivers still make them when
they have taken a wrong turn or want to go
back the way they came, despite the presence
of the sign. This constitutes a conscious choice
to violate the rules.
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Risk adaptation

An interesting phenomenon in decision-making
behaviour is risk adaptation, which is also
called risk compensation or risk homeostasis.
This is the fact that, following a safety enhancing
measure, drivers adapt their behaviour to such
an extent that they counteract or even eliminate
the favourable effect of that measure.

Three questions with regard to risk adaptation

must be answered:

* Why do road users change their behaviour?
The answer: not because they want to be
annoying, but because they think it is useful
or beneficial. Because objective safety has
improved, road users feel that driving faster
is less dangerous and ‘no problem’. The
measure, then, does not result in ‘increased
safety’ but in ‘improved mobility’.

» When, in what situations, in what circum-
stances, do road users display such adaptive
and possibly counterproductive behaviour?
This question cannot be answered in general.
Studies have shown that behaviour changes
unfavourably when people start driving cars
with ABS [1.7] and when they start wearing
seat belts [1.27]. The use of a porous friction
course has a similar effect, in the sense that
driving speeds are higher when roads are
wet. Not every safety-enhancing effect is by
definition counteracted by risk adaptation,
but the safety effect achieved is often less
than expected (when calculations failed to
include this phenomenon of risk adaptation).
On balance, there usually is only a slight
effect.

e How can risk adaptation be suppressed or
preferably prevented? If it is assumed that
road users deliberately weigh the costs and
benefits of safety and factors such as travel-
ling time, classical measures such as infor-

mation and education will not be very effect-
ive, because any information they provide
is already known or will be included in a
new consideration with the same counter-
productive result. One option would be to
adjust the balance of costs and benefits by a
selective use of rewards and penalties for
safe and unsafe behaviour, as is already the
case with no-claims bonus insurance systems.
A second option would be to integrate add-
itional safety systems in cars without telling
the drivers. But because car manufacturers
also use these safety systems to compete
with other manufacturers, this will probably
not be feasible.

Risk adaptation can also work the other way
around. If a driver drives a car whose brakes are
not working properly, he will brake sooner and
keep more distance to the car in front. Elderly
people who have trouble seeing and interpret-
ing everything on time, will also slow down.
In that sense, risk adaptation can also have a
positive effect. Here, too, the adaptation will
not correspond to the additional risk.

The phenomenon of ‘accident migration’ as
described in the literature is another manifest-
ation of risk adaptation. Accident migration
refers to a situation where action to reduce road
traffic accidents in one black spot may result
in them resurfacing in a nearby location where
no action has been taken yet. The question as to
how this can be explained has been discussed
for many years. In addition to a statistical
explanation called ‘regression to the mean’,
risk adaptation may also provide an explan-
ation. Accident locations are said to keep road
users sharp. If such a location is made safer,
road users might not be as alert, resulting in
more accidents in nearby locations.



Risk adaptation not only occurs after technical
measures, but also following measures
directly aimed at people, such as education.
There are strong indications that attending an
anti-skid course results in more accidents on
slippery roads [1.17].

A special case of ‘increased risk’ is the fre-
quently observed risk of being caught in the
event of traffic enforcement. This is discussed
in Chapter 10.

Step 4: Action

Once the driver has decided what needs to be
done, he will have to act. An important aspect
of action is reaction time: the time that has
elapsed from the moment at which the event
requiring a response occurred until the actual
response itself. Although this reaction time is
not ‘visible’ until the action is performed, it is,
of course, the total of all previous stages of
information processing.

Reacting in skill-based behaviour works
differently. Here, a stimulus offered results
directly in a reaction without any intervening
conscious decision-making process. Even if
you wanted to, this reaction cannot be sup-
pressed. In traffic, such behaviour is often
extremely safe because the reaction time is

so short, as when a driver brakes to avoid a
suddenly braking car in front of him. However,
the reverse may also be true, one example being
immediate automatic opposite lock steering
when you have run off the road with the result
that the car hits a tree on the other side of the
road.

The difficulty with taking reaction time into
account is that it does not have a fixed value,
even though that impression is usually given.

AASHTO [1.1], for example, uses a standard
value of 2.5 seconds for road design purposes,
which is the sum of 1.5 seconds for perception
+ assessment + decision and 1.0 second for the
actual response. However, reaction time
depends on numerous factors, which means
that using a fixed value is not really sensible.

The key aspect concerning reaction time that
must be included in road design is the situation
in which a driver has to respond . When a driver
has his foot on the accelerator, he needs a cer-
tain amount of time to release it, take his foot
off the accelerator, move it to the brake and
push down the brake pedal. The reaction time
between seeing and action must be added to
this. Moreover, at a given speed, a car needs

a certain amount of time and distance to stop.
Time and distance increase quadratically with
speed. Taking into account the reaction times
and the situation in which action is required
results in a differentiation in starting points to
be used for the design (stopping sight distance,
deceleration sight distance, driving sight dis-
tance, overtaking sight distance, approach
sight distance, crossing sight distance and
steering sight distance) (see for example [1.19]).
An important fact for the entire process of
information processing is that people cannot
do everything at once — their mental capacity
is limited. How large that capacity is differs
from person to person and from situation to
situation. In terms of traffic facilities it is safe
to assume that people are, in principle, single-
channel processing systems: they can only
concentrate on one thing at a time. If they can
do more, that is a bonus, but it is safer to assume
that they cannot. There are strong indications
that some people have more difficulty than
others shifting attention rapidly and monitoring
different objects at the same time and that this
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directly affects involvement in accidents. This
is especially true for elderly road users. Ball et
al. [1.10] showed that for elderly people aged
55 and over this span of concentration, which
is called UFOV, or Useful Field of View, is
highly predictive of their involvement in traffic
accidents. So this, too, is a somewhat more
complex aspect of action that cannot be
described with a single parameter. A computer
test has been developed to measure someone’s
UFOV, and there also are tables with scores
on the basis of which people can be advised to
stop driving altogether. It is currently not pos-
sible to indicate how the limitation of the road
user’s mental capacity can be included in road
design.

1.2.4 Characteristics of road users and road
safety
The previous sections discussed the general
characteristics of perception, decision, et cetera.
However, people differ in their response to
these processes in terms of quality and speed.
There are differences between elderly road
users, people with little driving experience,
men and women, people with a more aggres-
sive driving style and people who adopt a
careful driving style, etc. How important are
these differences between people in relation to
road safety and how can these be incorporated
into the traffic system?

Classification in terms of road user
characteristics

Janssen and Van der Horst [1.29] indicate that,
in the literature, individual differences are almost
always related to driving behaviour or involve-
ment in accidents. Thorough overviews
include those by Janssen, Lourens and Gobel
[1.28] and Stembord and In ’t Veld [1.48].
However, the resulting picture is quite diffuse.

In order to give some structure to the data,
they have classified characteristics into back-
ground characteristics, information processing
functions, road user performance and, ultim-
ately, system performance in a ‘funnel
model’ (see figure 1.17). Background charac-
teristics of road users determine how certain
information processing processes are per-
formed. This then results in certain behaviour
on the road, which ultimately leads to certain
system performance qualities, such as safety,
traffic flow and comfort.

Of importance to road safety is the distinction
between human characteristics that can be
changed (e.g. by means of education and train-



ing), characteristics that cannot be changed

but that can be used for selection purposes

(for instance by means of an entrance exam),

and characteristics that cannot be changed but

that are so vital that road design must be mod-
ified to accommodate them.

This last category is important for safe traffic

systems. Several fundamental questions play

arole:

e What characteristics affect the risk of
accident the most?

* Who and what is taken into account, and to
what extent? After all, it is impossible to
design roads for people who drive poorly,
are virtually blind or deaf, or who drive
aggressively. In other words, there is a
certain cap on what groups to allow for.

Figure 1.17 Organisation of (categories of) road user
characteristics
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Road designers often use 85% of a population as
the basis. This means that the design does not
take into account 15% of the population that is
taller, heavier, has poorer eyesight, et cetera.
This part of the population will just have to fend
for itself. Asmussen [1.8] lists a set of functional
limitations in such a manner that 90% of the
population is included as a road user (see box
on the next page).

Should all key characteristics be included, or are
there reasons to exclude them? For example:
should roads be so wide that even drunk drivers
can stay on the road? The more key character-
istics there are, the smaller the chance that a
design meets all requirements. The following
questions remain: can characteristics be grouped,
are there sufficiently high correlations between
characteristics to combine them, and how

can future developments and trends such as
aging and other demographic developments
be anticipated?
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People with functional loss and functional limitations [1.8]

Today'’s traffic and transport system is geared mostly to strong road users: 20 to 55-year-olds
without functional loss or functional limitations. Some six million people in the Netherlands
suffer a temporary or permanent functional loss or limitation. These include people with a
visual impairment or people in wheelchairs, for example, but also more everyday cases such
as parents with prams wanting to get on a train. In the near future, as the population ages,
this problem is only set to worsen [1.9]. It is important that sufficient allowance is made for
these groups.

Table 1.7. Number of people with a functional loss or limitation [1.8]

Number of people with a functional loss

Wheelchair users 70,000

Blind people 15,000
Deaf people : 20,000
Total . 105,000

Number of people with a functional limitation

Children aged 0-14 © 2,800,000

Walking impaired : 400,000
Disturbance of equilibrium 400,000
Limited stamina (limited lung and heart function) : 400,000
Severe visual impairment : 300,000
Hearing impaired 300,000
Cognitive and mental limitations : 400,000
Temporarily disabled persons : 500,000
Parents with prams 500,000
Total (incl. 3,500,000 elderly people, overlap) . 6,000,000

With the addition of this carefully selected list of functional limitations, 90% of the population
are included as road users. Key aspects of functional loss or functional limitation in terms of
road use are slowness and the degree to which this can be compensated. Road design can take
this into account by creating a continuous network for cyclists and pedestrians in residential
areas, traffic arteries without steep elements (such as bevelled kerbing) with a view to crossing
the road, and the possibility of always crossing the road in two stages, thus by way of the refuge.



Demographic characteristics and road
safety

Elderly people

Elderly drivers are in a traffic category of their
own. The risk of death for the 65-74 bracket is
about twice as high as for the 30-64 bracket.
For people aged 75 and over, this risk is over
eight times higher. The risk of death of elderly
drivers is considerably lower than that of death
of elderly cyclists and pedestrians [1.51].

Because of their physical vulnerability, elderly
people run a higher risk of severe injury. Not
only is their risk of getting into an accident
higher, the consequences are also more serious.
Elderly car drivers have to deal with a number
of functional limitations: they process infor-
mation slower, they cannot process several

things at the same time, and they have
decreased flexibility of the neck and body
(which is important when looking over their
shoulder before making a turn). Accidents
that occur when turning left at a crossing are
a case in point, as drivers need to look over
their shoulder, act quickly and keep an eye on
traffic from various directions. Elderly people
often avoid certain situations because they
make them feel unsure of themselves, such as
driving in the dark, rain or mist or during the
rush hour. Elderly people often do not drive
alone and avoid busy intersections.

The routes to the most commonly visited
destinations such as shopping centre, doctor
and community centre are important to the
elderly, especially as slow road users. Such
routes must be suitable for rollators, mobility
scooters, et cetera. Urban designers have to take
into account that a neighbourhood should
accommodate people of all ages. Disabled
people often have the same needs as elderly
people (such as wheelchair-friendly kerb
edges), but also need specific facilities, such
as tactile paving and/or audible traffic signals
for the vision impaired.

Children

At the other extreme of the age range are
children. Special attention must be given to
children in traffic, particularly in their direct
living environment, as children still need to
master the different skills needed to participate
in traffic. This means that children must have
the opportunity to be introduced to traffic in a
safe manner and must be able to make mistakes
without this having serious consequences.
Table 1.8 presents the mobility development
of children.
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Table 1.8. Mobility development of children

Age :
1year : Crawling
. Exploring the home
2 year . Walking
Discovering the area around the home, being included in groups of older
. children
3year Riding a tricycle on the pavement of their own street (100 metres to the left and
. right of home), establishing contact with neighbours
4 year * First attempts at cycling
: Exploring other streets in the area (around the block), playing with children of
the same age, establishing contacts with the adultworld (such as running an errand)
5year . Going to kindergarten (in a 1-km radius)
© Visiting school friends
6 year : The school route is self-evident
. Action radius is the neighbourhood or village (walking or cycling)
7 year Exploring small town, longer cycling tours are possible, opening up a larger
. area. Use of public transport in the home town becomes a matter of course
10 year : The city and neighbouring municipalities come within reach, sports facility and

: swimming pool are visited. Cycling in the area is normal, as is use of public transport

Today’s traffic does not always do justice to

children’s development needs, which means

that traffic curtails some children’s develop-

ment. Children’s routes to school, the school
environment and play areas therefore require
special attention.

Man-woman

Alleged differences between men and women
who participate in traffic are a popular topic
of conversation. Weber [1.63] already proved
that men and women drive under totally dif-
ferent circumstances. According to him, the
difference in their involvement in accidents
can be traced back to these exposure variables
rather than to the quality of the way in which
men and women perform the driving task.
Women are involved in fewer accidents, but
also drive fewer kilometres a year than men.

Corrected for exposure, the connection
between aggression and the male hormone
testosterone explains most of the difference in
the accident involvement of young people.

Young, inexperienced drivers

The accident risk of young, inexperienced
drivers (18-24 bracket) is more than four times
higher than that of experienced drivers. The
risk of young male drivers is even six times
higher. This higher risk is due to two factors.
Firstly, the lack of experience, as a result of
which they misjudge certain risks, and secondly,
age-related characteristics that come with a
higher risk (for example risk-seeking behaviour).
Young people want to try out new things and
impress their friends, and they often drive in
dangerous conditions, such as under the influ-
ence of alcohol or drugs and on weekend



nights [1.59]. This is also why insurance
premiums for young people are higher.

Chapter 12 discusses the different risk groups
in detail.

Judging own driving ability

One aspect that plays an important role in traffic
is whether people are able to judge whether or
not they are good drivers. Logically speaking,
someone running a risk will try to minimise
this by means of behavioural compensation,
for example waiting longer to cross the road,
driving slower, or taking greater care.

As early as the 1970s, it was assumed that
most drivers think they are better than the
average driver. Americans and Swedes in a
lecture theatre were asked to give themselves
a mark for their driving skills and their level
of safety compared the other people in the
audience [1.39]. Around 80% of them believed
they were safer drivers than the average other
road users in the group. Of the Americans in

the group, 93% believed they were better than
the average drivers in the group; of the Swedes
this was 69%.

Preston and Harris [1.41] compared a group of
road users involved in accidents with severe
injury (with hospitalisation) with a group of
road users that had never been involved in an
accident before. When asked about their driving
ability, the two groups gave themselves the
same score. Even the road users involved in
serious accidents believed they were better
than average. In about 70% of these accidents,
the police report indicated that these drivers were
to blame. The drivers in this group had also been
involved in more previous traffic violations than
the group that had never been in an accident
before. The fact that this over-assessment of
one’s own driving ability can lead to unsafe
behaviour is self-evident. Not for nothing has
state awareness (the ability to assess one’s
capacity to handle the driving task) been
included in ‘Advancing Sustainable Safety’
[1.64] as a sustainability principle.
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Fatigue

Fatigue is a temporary factor that can have
major consequences for driving behaviour
and road safety. This varies, of course, with
the level of fatigue. Drivers who actually fall
asleep behind the wheel will stop steering and
probably veer off the road or collide with
another car, with all the consequences this
entails. Fatigue is a gradual process, with an
increasingly negative impact on driving behav-
iour and, consequently, safety.

Chapter 11 discusses the issue of fatigue in
traffic in detail.

Alcohol, drugs and medication

Everybody knows that the use of alcohol and
drugs in traffic negatively impacts road safety.
This is why legal limits for alcohol consumption
in traffic have been included in Dutch legislation.
A blood alcohol concentration (BAC) of 0.5%0
is the statutory limit; for inexperienced drivers,
this is 0.2%o. The limit for inexperienced drivers
is lower because they are often young people,
who run a higher accident risk and who cannot
hold their drink too well. Different rules apply
in different countries; the statutory limit in
Italy and Switzerland is 0.8%o (less strict),

that in Sweden and Norway 0.2%o (stricter).
The 0.2%o limit represents no alcohol: the
human body always contains a certain level of
ethanol that is unrelated to the consumption of
alcohol, which is why the permitted level has
been set at 0.2%o.

A large-scale study in the 1970s proved that the
relative chance of an accident increases greatly
with increasing BAC [1.11]. The relationship
is not linear; not every sip (step) of alcohol
increases the chance of accident by the same
amount (step).

The relationship is exponential: the chance of
an accident increases at a greater rate than the
blood alcohol percentage.

Accident analyses sometimes estimate the risks
related to alcohol based on BAC measurements
of people involved in an accident. The single
observation that people involved in an accident
have been drinking is of little use to calculating
the risk of alcohol in traffic. If, for example, it
is found that 10% of accidents involved people
who had been drinking, this says nothing about
the relationship between safety and accidents.
The only conclusion that can be drawn from
this figure is that 10% of all drivers get behind
the wheel after they have been drinking. The
risk must, therefore, be calculated in a differ-
ent manner. Borkenstein et al [1.11] made an
in-depth comparison of people involved in an
accident and BAC, on the one hand, and people
not involved in an accident and BAC, on the
other. The key conclusion of this study was
that under 0.4%o there is no relationship
between BAC and the chance of accident,

but that this chance increases strongly from
0.4 to 0.5%o. This is confirmed by other studies
([1.35], for example). The best-known effect
of alcohol is a longer reaction time, causing
people to respond more slowly, to careen more
and have less attention for the driving task. Risks
may also be misjudged, with underestimation
especially leading to safety problems.

Where alcohol in traffic is concerned, matters
are relatively simple: the relationship between
alcohol and blood alcohol concentration has
been proven and the law prescribes a statutory
limit. The situation with drugs and medicines
is quite different. The dose-effect relationship
is often less clear, and there is no statutory
limit. The law does stipulate that drivers are



not allowed to be under the influence of a
substance that can reasonably be assumed to
affect the ability to drive. Certain medicines
come with a warning that they can influence
the ability to react, thus shifting the responsi-
bility to the driver. The effects of certain medi-
cines on driving behaviour can be worse than
that of alcohol [1.12]. Sleeping pills and seda-
tives are known to have a protracted numbing
effect. Soft drugs like marihuana or hashish
may also affect driving behaviour and, there-
fore, road safety.

Chapter 11 discusses the issue of driving under
the influence of alcohol, drugs and medicines
in detail.

Emotions in traffic

Emotions may also influence road safety, as
they may affect the behaviour of road users.
Well-known emotions are frustration and
aggression, which may cause drivers to tail-
gate or cut in front of each other. Often, how-
ever, emotions will not run so high. Mesken
[1.36] studied the role of emotions in traffic
and found that happiness is the most common
emotion in traffic, although it is completely
unrelated to the traffic situation itself. Emo-
tions are highly personal and some people
react emotionally to certain situations more
quickly than others. People who generally
tend to respond with anger or aggression say
they are prone to respond that way in traffic
as well. Near-accidents occur more frequently
when people are angry, probably because the
anger led to more risky driving. There is a
relationship between anger and aggression,
on the one hand, and risky driving behaviour,
on the other ([1.15], for example).

Chapter 11 also discusses the role of emotions
in traffic in detail.

Lifestyle

As early as 1949, psychiatrists Tillman and
Hobbs already wrote: ‘A man drives as he lives’.
A Swedish study [1.20] defined lifestyle as a
certain profile based on a number of everyday
variables, such as frequency of going to the
disco, alcohol consumption, interest in sport
and music, which was then related to accident
involvement. Four different lifestyles were
identified that were associated with a higher
accident involvement, and two lifestyles
—mainly among women — that were associated
with a lower accident involvement. Figure 1.18
shows several details.
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Figure 1.18. Relationship between lifestyle and accident involvement per profile
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The four high-risk and the two low-risk lifestyle profiles in Gregersen and Berg’s study [1.20]. Every profile consists
of a number of interests and activities in a number of fields, as judged by the subjects themselves (top) and the
relationship between lifestyle and accident involvement (random sample n = 1774).

Apart from the actual content, the significance of these types of study is that they focus on patterns instead of on
individual characteristics such as accident chance predictors.




Driving behaviour and weather conditions

How does the weather affect driving behaviour? Various studies (including [1.21, 1.34]) have
shown that bad weather is strongly correlated to the chance of accidents. Causes include
decreased visibility when it is raining and reduced friction due to a wet road surface. A recent
Finnish study showed that the number of injuries due to accidents resulting from a wet road
surface is many times higher than the number of injuries in dry weather [1.34]. A Swiss study
has shown that the accident risk on motorways in rainy conditions during the daytime is five
times higher than in dry weather; the accident risk in rainy weather at night is more than
eleven times higher than in dry weather [1.58]. Recent Dutch research has shown an increase
between 35 and 182% in the number of accidents that happened in rainy weather on national
trunk roads [1.49]. The accident risk correlates with the speed limit and the time of day.

A comparison of accident victim statistics
(based on averages for 1973 - 2001) in dry
and wet weather leads to the conclusion that
the chance of accidents on wet roads is five
times higher than on dry roads [1.14].
Reduced visibility during bad weather causes
a larger variation in average speed, which is
often considered an indication of unsafe
behaviour. Remarkably, however, accidents
that occur during bad weather are often less
serious than accidents during dry weather.
This suggests that road users are aware of the
increased risk and try to compensate for it.
Such compensation may take the form of reducing speed and, to a lesser degree, increasing the
distance to the car in front. Yet this is often not sufficient: bad weather causes an average
decrease in speed of only 4 km/h [1.46]. In foggy conditions, drivers tend to drive even closer to
the car in front, which, combined with reduced visibility, may increase the accident risk [1.21].

1.3 Mechanical aspects

The category assigned to a road determines
its functional and technical requirements and,
consequently, to an important degree its
design. The classification of a road already
determines most of the prerequisites for use
of such aroad, as well as which users share
aroad and the conditions in which they meet.
Network classification is strongly related to
spatial planning.

The choice for separating or mixing traffic
is related to the homogeneity principle of
Sustainable Safety: equality of speed, direc-
tion and mass at moderate and high speeds.

1.3.1 Energy transfer during a collision

The mechanical properties of the traffic sys-
tem are a key principle for road safety con-
cepts. Mechanical properties are subject to the
laws of physics, where energy transfer during
acollision is defined on the basis of the law of
conservation of momentum. Momentum com-
prises three components:

* speed;

* mass;

e direction.
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It is assumed that the two objects that collide
are not deformable and therefore do not absorb
collision energy.

In reality, however, road users and their
vehicles are most certainly deformable.

The formula for momentum P is

P =mass X speed

where speed not only has a magnitude,
but also a direction.

If no external force is exerted on a
system, the total momentum will be
conserved. This principle is applied to the
collision of two objects (such as billiard
balls).

The components speed, mass and
direction also determine the amount of
energy E that is absorbed (and ultimately
converted into heat) when two objects
collide. The formulais

Eyinetic= 72 X mass X speed?

That is why resilience — the ability to absorb
collision energy — of the two objects is import-
ant alongside mass, speed and direction. A
car’s resilience is determined by the combin-
ation of a safety cage and a crumple zone.
Humans can only absorb very little energy
without being damaged, especially in view of
the large amount of energy released in a crash.

1.3.2 Differences in speed

It is sometimes suggested that ‘a few km/h
above the speed limit does not influence road
safety’. This is demonstrably incorrect. Even
small speed violations affect road safety. Speed
is important for several reasons. It determines
the available response time and, therefore, the
accident risk, but it also determines the speed

of collision and, consequently, the seriousness
of the crash.

Incidentally, most speed-related accidents are
not a result of violations of the speed limit, but
of cars driving too fast given the circumstances.

Speed determines reaction distance and
speed of collision

When a road user has to react to avoid a collision,
the car’s speed determines the amount of time
available to respond. Consequently, driving at
high speeds requires considerably greater antici-
pation than driving at low speeds.

An example (from the ‘stopping slide’, published
by Overijssel Regional Road Safety Body):
assume a stopping distance of 15 metres. This
equals a situation in which a child runs onto the
street three parked cars down. Under favourable
conditions (a braking deceleration of 8 m/s? and
a l-second reaction time, this gives the follow-
ing picture:
e drivers going 30 km/h can stop in time and
avoid a collision;
e drivers going 40 km/h collide at a speed of
25 km/h (similar to a 2-metre free fall);
e drivers going 50 km/h collide at a speed of
45 km/h (similar to an almost 10-metre free
fall);
e drivers going 60 km/h have not reacted yet at
the moment of collision (similar to a 14-metre
free fall).



Under less favourable conditions (such as a
slippery road), the differences in stopping
distance increase even further. This sharp
increase in stopping distance was the reason
for introducing 30 km/h zones.

Itis generally assumed that 30 km/h is a safe
speed. However, the risk of a fatal collision
with a car going 30 km/h is still five times
higher than a car that is driving at walking pace
(15 km/h) in a home zone (see table 1.9).

Table 1.9. Relationship between
collision speed and the risk of death

Collision speed (km/h) : 15 ‘30 ‘50
Chance (%) (12 :5-10 :50

By driving at walking pace (15 km/h) instead of
30 km/h, the chance of a collision also
decreases. Table 1.10 shows the reaction

path, the brake path and the stopping distance
as functions of speed. Reaction path is the
distance covered during the reaction time,
while the brake path is the distance covered
while braking. The sum of these two distances
is the stopping distance.

Table 1.10. Reaction path, brake path
and stopping distance as functions of
speed

Speed (km/h) 115 -30 :50
Reactionpath(m) 4 : 8 14
Brake path (m) i 2 : 8 122

Stopping distance (m) 6 :16 :36

braking deceleration 8 m/s? and a reaction time 1 second

Driving at 30 km/h certainly decreases the

risk compared to the original speed of 50 km/h,
but driving at walking pace increases safety
considerably more. In addition, it considerably
improves a road’s residential function and
usability in terms of social activities for
young and old. In other words: 30 km/h is
safe, but 15 km/h is safer.

Speed determines the severity of the crash
There is also much to be said about the
relationship between speed, the chance of an
accident and the severity of that accident.

Theoretically, a change in average traffic speed

and the consequences in terms of accident risk

are related as follows [1.16, 1.17]:

« the effect on the number of accidents is
quadratic;

* the number of severe accidents is proportional
to the power of three;

* the number of fatal accidents is proportional
to the power of four.

This calculated connection does not, however,

include any other important aspects, such as

road categories.

Speed and risk

The differences in the relationship between
speed and risk reverberate in the different
design requirements for the different road
types. These requirements are geared to the
amount of information road users can effect-
ively process. A motorway is less complex
than the underlying road network. Because of
this lower level of complexity, risks increase
more slowly with increasing speeds on a
motorway.
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In order to be able to predict the effects of a
change in speed on road safety, it is important
to at least consider the specific conditions.
Moreover, a change in speed limit may also
bring about an increase in speed differences.

The relationship between speed differences
and risks manifests itself in two ways:
* Roads with a broad range of speeds are
less safe.
* Vehicles that drive faster than average run
a higher risk. Vehicles that drive slower
sometimes appear to run a higher risk,
sometimes no change in risk is found [1.79].

1.3.3 Differences in mass

The difference in mass determines what portion
of collision energy is absorbed by the collision
partners. Mass differences between a lorry and
apassenger car may be a factor 10; mass dif-
ferences between cars may be up to a factor 3,
while mass differences between vehicles and
vulnerable road users vary between factor 10
and 700. In the event of large differences in
mass, an accident may have serious conse-
quences even at very low speeds.

A separation in time (for instance using traffic
lights) or space (for instance with bicycle tracks)
is a way of eliminating collisions, thus making
mass differences irrelevant. However, a separ-
ation in time or space is not always practically
possible. For instance, heavy traffic driving
through residential areas is not a desirable
situation, but there may be no alternatives in
ribbon developments; besides, relocating
companies that come with a lot of heavy traffic
often costs a lot of money.

Where separation is reasonably impossible,
both weaker and stronger road users must be

given a fair chance of behaving in a safe manner.
They should know that there are other road
users, should be able to see each other and
judge each other’s (potential) behaviour, and,
finally, they must be willing to take responsibil-
ity for their own behaviour. This is not as self-
evident as it appears. It is usually not possible
to see whether a lorry is heavily loaded or not,
but this makes all the difference in terms of
braking behaviour for the cars behind it. And
predicting drivers’ attitude is something that
is completely unclear.

Resilience

The vulnerability of road users (and their
vehicles) is often related to the difference in
mass: lightweight road users are usually less
protected than heavier road users. Because
some groups of road users, such as pedestrians,
cyclists, moped and motorcycle drivers do not
have a protective cage, seat belts and airbags
that can absorb the collision energy for them,
these groups are vulnerable. This is even more
the case with elderly people, who are physically
weaker and more vulnerable to begin with.
Falling can have serious consequences for them,
a collision even more so. This is an aspect that
must be taken into account given the aging of
the population. Vulnerable road users are dis-
cussed in chapter 13 ‘High-risk groups’.

The resilience of car passengers has increased
considerably. Cars often achieve the maximum
score possible in crash tests, while a safety
cage, crumple zones and one or more airbags
have become standard features. The safety of
children also receives considerable attention.

The reverse is true for the safety of pedestrians
and cyclists in the case of a collision with a
car. A collision-friendly car front has been the



subject of study for a few decades now, but
this aspect does not feature much in crash
tests, where the focus is more on collisions
with other vehicles and concrete surfaces.

It took a long time before a car achieved the
maximum score for collision-friendliness with
vulnerable road users in the EuroNCAP test.

1.3.4 Differences in direction

Based on the differences in direction of

the different road users, various groups of

conflicts exist:

e passing conflicts in the same driving
direction, such as rear-end collisions;

* conflicts in almost the same driving
direction, such as when changing lanes;

* crossing conflicts, with driving directions at
more or less right angles, such as with right-
of-way mistakes;

* unilateral conflicts with a stationary object,
such as an obstacle by the side of the road;

* frontal conflicts with opposite driving
directions, such as frontal crashes.

The severity of a conflict depends in part on

the fact that the modes of transport and, there-

fore, the vehicles, have a different level of
resilience in different directions. The front of

a car is more resilient than the side or the back.

1.4 Summary

This chapter discussed the frame of reference for
the terminology used in this manual, describing
key concepts and key visions of road safety.
Theories on road safety have changed dramat-
ically over the years: where initially only one
dominant cause was sought, this has now shifted
to a systems approach in which all factors that
determine road safety are considered in their
interrelations. The Sustainable Safety principle
was developed on the basis of the available

knowledge. The frame of reference forms
the basis for describing road safety and
motivating measures.

Most unsafe traffic situations can be traced
back to human errors. This was discussed in
terms of unsafe behaviour by road users, a
general description of the driving task, the
cycle of human information processing
(perception, assessment, decision, action)
and the way in which people perform tasks.
The individual characteristics of and main
differences between humans and the relation-
ship with accident risk were also discussed.

Laws of physics are also relevant alongside
human behaviour. This refers to the mechanical
characteristics of the traffic system. A collision
causes a transfer of energy that is determined
by speed, mass, resilience and differences in
directions. This transfer of energy may cause
injury and damage, and as such, it is crucial to
the end result of the accident.
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Learning objectives for students:

* to get an idea of the key trends and
developments in road safety and the
measures taken over the years;
to gain an understanding of the social
costs of a road unsafety;
to know the meaning of material

i s and immaterial costs;

N to be able to put road safety figures

into an international perspective.
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2 Developments and trends

2.1 Developments in road safety over
the years

The first fatal traffic accident in the Netherlands

Between 1950 and 1972, there was a significant
increase in the total number of traffic fatalities,
peaking at 3,264. Since 1973, the number has

decreased steadily. In the early 21st century,
this decrease appeared to stop at approxi-
mately 1,080 traffic fatalities per year. In
2004, however, this number dropped sharply
to 881. The figures for 2005, 2006 and 2007
(817,811 and 791 respectively) appear to
show a structural improvement in road safety.

occurred in 1905 [2.4], when a car rolled down
a hill during a military exercise in Valkenburg
and came to rest against a farmyard gate.

The German observer in the car died on the
spot, after which the shocked military officer
informed the Royal House by telegram. In 2006,
over 100 years later, the number of fatal traffic
accidents had risen to approximately 680 a year,
in which 811 people were killed. In the same
period, there has been an enormous increase
in traffic mobility from O to more than 135
billion vehicle kilometres travelled every year.

The first fatal traffic accident

On 17 August 1896, Bridget Driscoll became the first known traffic fatality. She was also the
first pedestrian ever to be hit by a car. The accident happened in Great Britain on a terrace near
Crystal Palace in London. The car was owned by an Anglo-French car company that was putting
on demonstrations for the public. Witnesses spoke of the car hitting the victim at extreme
speed: the driver was doing 4 miles per hour.

That driver was Arthur Edsell, an employee of the car company. He had been driving for three
weeks, in an era when there was no such thing as driving tests or driving licences. He had appar-
ently tampered with the transmission, which caused the car to double its intended speed. He
was also talking to one of the passengers in the car when the accident happened. In the court
case that followed, the jury passed a verdict of accidental death. Neither the driver nor the car
company were sued but the judge said that the verdict should stand (‘I trust that this sort of
nonsense will never happen again’).

The first case of victims to die in a car occurred three years later when, on 25 February 1899,
Edwin Sewell, an employee of the Daimler Company, lost control of his motorised ‘wagonette’
while driving at high speed down a steep hill in Grove Hill Road in Harrow (northwest London).
He was giving potential buyers a demonstration of the vehicle. Major James Miller, who was
sitting alongside him, also died from his injuries. The accident was caused due to the wheels
collapsing at 20 miles per hour, which was considerably quicker than the speed for which the
car had been designed.

Record 26: Road safety manual
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Figure 2.1. Development of traffic fatalities 1950 — 2006 in the Netherlands
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Figure 2.2. Development of vehicle kilometres travelled in the Netherlands
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2.1.1 Total number of traffic victims

In 1975, Traffic Accident Registration was
established in order to get an effective
overview of the number of traffic victims
nationwide. This organisation ensured that
every accident registered by the police was
recorded in a large database. In 1992, the
organisation was incorporated into the
Directorate-General for Public Works and
Water Management’s Transport Research
Centre (currently the Centre for Transport and
Navigation). Over the years, efforts have been
made to continually improve registration.
Since 1997, it has been customary to use the
(estimated) actual number of victims as an
indication of the road safety rather than the
number that is registered by the police. In
1997, the Ministry of Transport, Public Works
and Water Management and Statistics
Netherlands (CBS) published the first official
estimates of the actual number of traffic

victims, based on the following sources:

» CBS statistics regarding ‘unnatural death’;

e PRISMANT, the National Medical Register;

¢ Injury Information System from the
Consumer Safety Institute.

Traffic fatalities

In the period between 1996 and 2003, the total
number of traffic fatalities decreased gradually
from approximately 1,251 to 1,088 a year. The
decrease was most significant in 2004: 19%
compared to 2003. In 2005, 2006 and 2007,
the decrease continued, albeit less rapidly.

In 2007, there were 791 traffic fatalities, 37%
less than in 1996.

Hospitalisations

The number of hospitalisations has also
decreased, albeit considerably slower than

the number of fatalities. This shows the danger
of measuring road safety based on fatalities

Table 2.1. Overview of the actual number of traffic victims between 1996 - 2006

1996 © 1997 1 1998: 1999 : 2000 : 2001
Fatalities 1,251 ° 1,235 1,149 1,186 : 1,166 : 1,083
Hospitalisations 19,420 : 19,740 :° 18,520 : 19,330 : 18,600 : 18,110
Emergency assistance 91,000 : 107,900 : 104,900 : 115,000 : 117,000 : 92,000

2002 : 2003 : 2004: 2005 : 2006 :
Fatalities 1,069 1,088 881 817 811
Hospitalisations 18,380 : 19,040 : 18,060: 17,680 : 16,750 :
Emergency assistance 91,000 : 97,000 :unknown :unknown :unknown :

(source: DVS)



alone. In 2005, 17,680 casualties needed

hospital treatment, constituting a decrease

of approximately 9% compared to 1996.

An analysis of files from the National Medical

Register from 1984 to 2005 also shows that

the seriousness of injuries sustained may have

decreased.

e The average time spent in hospital fell from
16 to 6 days. However, given that a similar
decrease was also evident in other patient
groups, it cannot be concluded that traffic
accidents have become less serious.

The average number of injury diagnoses in

traffic victims decreased from 1.8 to 1.5 per

person, a decrease of 17%. This is an indication
of improvement in road safety.

e The number of hospitalisations for the sole
purpose of ‘observation’ increased,
meaning that the relative proportion of
hospitalisations due to injury decreased.

e The number of casualties with at least minor
injuries (MAIS 2+, as measured using the
Abbreviated Injury Scale) decreased from
84% to 69%. This applied predominantly to
motorists and passengers but not to cyclists
and pedestrians.

Emergency assistance

The number of casualties requiring emergency
assistance has fluctuated around 100,000 for
several years.

2.1.2 Registration rate

The number of traffic victims is higher than
appears in police reports because not all
traffic victims are registered by the police.

The registration rate for different categories

of severity is as follows:

* injuries requiring emergency assistance:
registration rate circa 10-15%;

* hospitalisations: registration rate circa 55%;

« traffic fatalities: registration rate more than
90%.

Therefore, the more serious the injury, the
better the registration rate. The level also
differs for different types of accident; it is
higher for accidents involving motorised
vehicles and mopeds than for accidents
involving slow-moving vehicles. Registration
of cycling accidents involving no other road
users is particularly low. The registration rate
of accidents requiring hospitalisation and
emergency assistance also appears to have
decreased in recent years.

2.1.3 Victims by type of road user

Number of fatalities

The foremost developments in the period

between 1996 and 2006 are:

e The number of fatalities involving pedestrians,
cyclists and motorists/passengers and
delivery drivers clearly decreased up to 2005.
However, accident statistics showed that the
number of bicycle fatalities in 2006 had
returned to the higher level recorded in 2004.

¢ The number of fatalities involving moped
drivers has been stable for years, with a
slight decrease between 2002 and 2005 and
an increase in 2006.

e The number of fatalities involving motor-
cyclists increased until 2002, but has
decreased annually since 2003.

¢ The number of fatalities involving passengers
in lorries and buses remained largely the same.

2 Developments and trends
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Table 2.2. Number of fatalities by type of road user

Mode of transport 1996 : 1997 : 1998 : 1999 : 2000 : 2001
Pedestrian 1320 132 133 130  114: 115
Bicycle 2390 264 212 227 233 225
(Light) Moped 102 : 98 : 85: 105 110 85
Motorcycle 94 : 98 : 85 : 83 : 95 : 85
Car/delivery vehicle 626 : 617 : 617: 615: 593 : 547
Lorry/bus 13 10 7 14 9 18
Other 45 : 16 : 10 : 12 12 : 8
Total 1,251 © 1,235 ° 1,149 1,186 - 1,166 : 1,083
Mode of transport 2002 : 2003 : 2004 : 2005 2006
Pedestrian 1M1: 107 : 77 89 : 73

Bicycle 194: 219: 180 181: 216

(Light) Moped 107 : 99 : 87 : 78 : 87
Motorcycle 101 : 96 : 91 : 89 : 73
Car/delivery vehicle 540 : 549 : 432 : 371 : 361

Lorry/bus 13 : 8 : 10 : 1 9

Other 3: 10 : 4: 9: 5

Total 1,069 1,088 881: 817: 811

(source: SWOV Cognos))

Table 2.3. Number of hospitalisations by type of road user

Mode of transport: 2000 : 2001 : 2002 : 2003 : 2004 : 2005 : 2006
Pedestrian © 1,240 1,150 : 1,170 : 1,040 : 1,070 : 1,060 : 960
Bicycle 6,490 : 6,270 : 6,680 : 7,440 : 7,110 : 7,460 : 7,240
(Light) Moped 3,450 © 3,360 : 3,430 : 3,550 : 3,340 : 3,140 : 2,980
Motorcycle 1,190 © 1,310 1,290 : 1,310: 1,210 : 1,170 : 1,120
Car 6,010 : 5830 : 5610 : 5500 5150 i 4,670 i 4,310
Lorry/bus 150 © 130 : 140 : 80 : 110 © 100 : 80
Other 80 : 60 : 60 ©  110: 70 : 80 : 60
Total : 18,600 : 18,110 : 18,380 : 19,040 : 18,060 : 17,680 : 16,750

(source: AVV)



Number of hospitalisations

The foremost developments in recent

years are:

e The number of hospitalisations involving
car passengers decreased.

e The number of hospitalisations involving
pedestrians, moped drivers and motor-
cyclists remained largely the same.

e The number of hospitalisations involving
cyclists increased between 1984 and 2005
from almost 6,400 in 1984 to almost 8,200
in 2005 [2.7].

¢ The number of cyclists hospitalised after
an accident involving a motor vehicle
decreased in the period between 1984
and 2005. In 1984, 2,000 cyclists required
hospitalisation after such an accident.

In 2005, this number had decreased to
1,500. The severity of the injuries in such
accidents also decreased.

* However, the number of cyclists that were
hospitalised after an accident involving no
other party (e.g. a fall or a collision with a
lamp post) increased from approximately
4,400 in 1984 to approximately 6,700 in
2005. The injuries were primarily to the
legs, with a further one-third involving head
injuries. There is little sign of a decrease in
the severity of the injuries sustained.

2.1.4 Victims by gender
Approximately 65% of traffic fatalities
involve men. There has been no obvious
change to this in recent years.

Figure 2.3. Actual number of traffic fatalities by gender, 1996-2006
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2.1.5 Victims by age

In terms of age, traffic fatalities do not reflect
Dutch society, with considerable to extreme
overrepresentation in proportion to their
population share of teenagers and people in
their early twenties (15-19 years old and 20-24
years old) and the elderly (70 and over).

The risk of an accident plays a relatively great
role in the former group during their initial
participation in traffic (moped and car). As for
the elderly, higher vulnerability plays arole.
The largest ‘underrepresentation’ in traffic
victims is found in children (0-14 years old),
who make up almost 20% of society and only
5% of traffic fatalities. The three age groups
between 30 and 59 years old constitute a
(smaller) ‘underrepresentation’ of traffic
fatalities compared to their proportion in
society.

2.1.6 Victims by road type

Fatalities: predominantly on roads with speed
limits of 80 km/h

Approximately 50% of all traffic fatalities
occur on roads with speed limits between 60
and 90 km/h. The largest proportion of these
are probably on 80 km/h roads, with a smaller
proportion on 60 km/h roads. The 60 km/h
zones were not introduced until the late 1990s,
which might explain the decrease in the
number of accidents on 60-90 km/h roads

in recent years.

Almost 40% of all traffic fatalities occur on
roads within built-up areas. This is a slight
increase compared to ten years ago. Almost
15% of fatalities occur on trunk roads and
motorways, which is a slight increase compared
to 15 years ago and is probably attributable to
the fact that more kilometres are travelled on
this type of road now compared to then.

Figure 2.4. Proportion of traffic fatalities and population by age group in five-year increments, 2004-2006
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Table 2.4. Number of registered traffic fatalities according to speed limit for the

years 1988-1990, 1996-1998 and 2004-2006

Speed limit © 1988-1990 1996-1998 : 2004-2006
numberof: % number of : % numberof : %
. fatalities . fatalities © fatalities :
0-50 km/h 1485 © 35 0 1,170 © 34 860 : 38
60-90 km/h 2,266 54 1,793 . 53 1,103 . 48
100-120 km/h a7 o 446 13 - 321 14
Total © 4,198 100 3,409 100 :© 2,284 100
Average per year © 1,400 1,140 © 760

(source: AVV)

Table 2.5. Number of registered hospitalisations according to speed limit for the

years 1988-1990, 1996-1998 and 2004-2006

Speed limit - 1988-1990 1996-1998 © 2004-2006
number of hospita- number of hospita- number of hospita-
© lisations © % © lisations S % © lisations D%
0-50 kmvh £ 24550 0 60 : 19,671 : 56 : 15873 @ 57
60-90 km/h L 14,026 | 34 12,662 © 36 9,444 : 34
100-120 kmv/h 2383 0 6 3081 9 ¢ 2622 9
Total © 40,959 100 35414 100 : 27,939 : 100
Average per year © 13,650 : 11,800 : © 9,310

(source: AVV)

Injuries: particularly within the built-up area
More than 50% of all hospitalisations result
from accidents on roads within the built-up
area with speed limits of 0 to 50 km/h. This
proportion has decreased marginally in the last
15 years. Measures such as the construction of
roundabouts, the increased number of 30 km/h
zones and ‘mopeds on the carriageway’ have
all contributed to making built-up areas safer.
More than 30% of all hospitalisations result
from accidents on roads other than trunk roads
and motorways outside the built-up area
(where speed limits are 60 to 90 km/h).

There has been no change in this respect in

recent years. 9% of hospitalisations result
from accidents on motorways, which is
almost double that of 15 years ago. This is
also probably due to the increased number
of kilometres travelled on these roads.

2 Developments and trends

97



98

26: Road safety manual

[
[
[3

Figure 2.5. Development of the number of traffic fatalities per billion vehicle kilometres travelled
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Figure 2.6. Traffic fatalities per billion vehicle kilometres travelled and the exponential trend
(5.9% per year) on a logarithmic scale
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2.1.7 Risk

Risk is a measure for the road unsafety. It can
be used to compare the safety of modes of
transport, age groups, road types and countries,
for example. In road safety research, risk is
mostly defined as the chance that someone has
of being fatally or seriously injured in an
accident set off against another unit (the degree
of exposure), for example:

distance travelled;

time spent in traffic;

number of people in a certain age category
or number of inhabitants in a particular
country.

There is also the accident risk: the chance that
aroad user will be involved in a fatal or
serious accident set off, for example, against:

vehicle kilometres travelled;
road length.

The most common measure of risk is the number
of traffic fatalities per billion vehicle kilometres
or kilometres travelled. Between 1950 and
2004, the total number of traffic fatalities per

Table 2.6. Reduction of fatal risk per distance
(motor vehicle kilometres travelled) over
different periods

billion kilometres travelled decreased almost
continuously. Given that the data concerning
the number of kilometres travelled since 2000
is not yet definitive, the risk shown here for the
most recent years is

an estimate.

Whenever the same data is plotted on a
logarithmic scale, the risk appears to decrease
each year with a more or less fixed percentage.

Analysis shows that the decrease in risk differs

per period. The largest reduction took place

between 1973 and 1985, caused in part by the

large-scale road safety measures implemented

during that period, which included:

* introduction of speed limits on all roads;

* introduction of a maximum blood-alcohol
level and better methods of testing that;

e compulsory use of helmets for moped
drivers;

e compulsory use of seatbelts in cars for all
passengers.

Period . Annual average reduction
. according to distance
1950-1962 : 3.4%
1962-1973  5.5%
1973-1985 © 9.2%
1985-1991 | 5.4%
1991-1995 © 1.0%
1995-2004  7.5%

(source: SWOV)
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Figure 2.7. Average number of traffic fatalities per mode of transport per billion kilometres travelled in the years

1996-1999 and 2000-2003
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This period also saw the first attempts to
manage the increasing levels of mobility,
which included the construction of motorways
and bicycle paths. These measures also helped
to reduce risks.

The sharp decline in the late 1990s and early
2000s was probably due to the introduction of
Sustainable Safety and the increased interest
in road safety and introduction of specific
safety-related measures that accompanied it.
The substantial decrease in the number of
victims in 2004 distorts the decline in risk
between 1995 and 2004 somewhat. Omitting
2004, the reduction percentage for 1995 to
2003 is 5.8%.

Risk per mode of transport

The risk per mode of transport can also be
calculated on the basis of data concerning the
number of kilometres travelled. Figure 2.7
provides information on the number of
fatalities per billion kilometres travelled for
different modes of transport between 1996
and 1999 and 2000 and 2003.

Motorcyclists (motorcycles and (light) mopeds)
run by far the greatest risk per distance travelled
of being involved in a fatal accident. Pedestrians
are also exposed to a relatively high risk. The
fact that pedestrians need more time to cover a
certain distance should also be taken into
consideration, because this means they are
exposed to traffic for a longer period per
distance travelled. ‘Pedestrians’ also include
children playing in the street even though they
do not actually cover any distance. Exposure
in terms of distance travelled is, therefore, an



inadequate measure. The fact that this is still
by far the most common indicator is because
it is the easiest to measure. Comparatively
speaking, the car has the lowest risk per
kilometre travelled.

When the figures for 2000 - 2003 are compared
with those for 1996 - 1999, we see that there
has been no change in the order of risks for the
different modes of transport, with the risks

decreasing for almost every mode of transport.

One exception is the ‘motorcycle/scooter’
category, which has seen a recent increase
in risk. The ‘other’ category has also seen a
slight increase.

Risk for different road categories

Data required to show the risk per road category
(the number of kilometres driven per road type
and the number of accidents per road type) is
not readily available as such. The SWOV is
currently working on new risk figures for the
Sustainable Safety road categories as currently
distinguished.

A comparison of the risks in 1986 and 1998
shows that the risk of injury decreased on all
road types. The traffic arteries within the
built-up area have the highest number of
injurious accidents per distance travelled,
followed by residential streets. Motorways
and trunk roads presented the lowest risk.

Table 2.7. Number of serious accidents per million

vehicle kilometres travelled per road type
(core figures) in 1986 and 1998

Road type © 1986 1998

Outside the built-up area

Motorway :0.07 0.06

Trunk roads ©0m 0.08

Road closed to slow : 030 0.22
moving traffic :

Road open to all traffic . 0.64 0.43

Inside the built-up areas :

Traffic artery © 133 1.10

Residential street 0.76 0.57

Home zone o021 0.15

Total road network in 0.53 0.35

the Netherlands

(bron SWOV)
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2.2 Road safety measures taken over
the years

The number of (registered) traffic fatalities
tripled between 1950 and 1972, after which
there was a noticeable decline. The number
of traffic fatalities is currently under the 1950
level despite the enormous increase in
mobility. This can be attributed to various
factors, which can be roughly sub-divided into
three groups [2.1]:

1 traffic planning measures;

2 road safety measures;

3 external factors.

2.2.1 Traffic planning measures

The total number of trips, the mobility in the

Netherlands continues to grow. This has

various consequences for road safety:

* traffic becomes busier and more complex
and the number of encounters increases,
which is bad for road safety;

* increased density leads to lower speeds,
which is good for safety;

e asharp growth in mobility leads — with
some measure of delay — to ‘regulated’
traffic measures by the government,
for example, bundling traffic flows,
dedicated lanes, separation of slow and
fast-moving traffic, all of which are good
for safety.

Between 1973 and 1985, several of these
traffic planning measures were taken, such

as the construction of motorways, trunk

roads and bicycle paths. This led

to a significant decrease in risk. After 1985,
relatively few fundamental planning measures
were taken, save in the last few years: tempo-
rary overtaking bans for lorries and dedicated
lanes.

While on balance, the growth of mobility is

bad for safety in the short term, the long-term
effect of introducing planning measures will
be positive. This reduces the chance of being
involved in an accident per kilometre travelled
(the risk) despite the fact that more and more
kilometres are being travelled.

2.2.2 Road safety measures

A large number of statutory measures were
taken in the 1970s and 1990s with the specific
intention of improving road safety. Little was
done to that effect in the 1980s, however.

The 1970s: radical measures

In the 1970s, a number of important national
measures were introduced: the compulsory use
of seatbelts and helmets, speed limits outside
the built-up area and the statutory alcohol limit,
as well as the introduction of home zones. This
period also saw significant improvements to
the crashworthiness of vehicles.

The 1980s: decentralisation and enforcement
Few new road safety measures were intro-
duced in the 1980s, with developments more
on the administrative side: road safety was
becoming more of an issue for regional and
local government, who were being encouraged
to concentrate more on road safety. This was
the period in which the Regional/Provincial
Road Safety Bodies (ROVs/POVs) were
established. The most concrete measures in
this period focused on police enforcement:

e Introduction of breath analysis as evidence
for alcohol use, which made the supervision
of driving under the influence significantly
more efficient.

* The possibility of issuing fines based
on registration numbers, which made it
possible to carry out surveillance of
speeding and drivers ignoring red lights



:
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Table 2.8. Overview of road safety measures b

Road safety measures taken over the years Year of E

introduction §_

Introduction of the driving licence for cars : 1952 E

Speed limits within the built-up area 1957/58 a

Seatbelts fitted as standard in new cars 1971 o
Compulsory use of helmets for motorcyclists 1972
Speed limits outside the built-up area 1974
Introduction of statutory alcohol limit (0.5% blood-alcohol level) : 1974
Compulsory use of seatbelts in front seats of car (where fitted) 1975
Compulsory use of helmets for moped drivers 1975
Home zone act 1976
30 km/h zones act 1983
Children aged 0-3 on approved seat in front seat of car 1977
Introduction of breath analysis during checks for driving under the influence © 1987
Introduction of quantitative objectives for road safety 1987
New-style roundabouts : 1989
Traffic Regulations (Administrative Enforcement) Act ('Mulder Act’) : 1990
Road traffic facilities contribution scheme incl. construction of bicycle paths 1990
Compulsory use of seatbelts by all passengers, where fitted 1992
Educational Measure on Alcohol and Driving (EMA) : 1996
Theory certificate for moped drivers 1996
Combined goal-oriented grant : 1996
Sustainable Safety Start-Up Programme 1997
Area-related enforcement projects (regional plans) 1999
'Mopeds on the Carriageway’ programme © 1999
Right-of-way to slow-moving traffic from the right 2001
Start of the transitional Sustainable Safety arrangement (1997 - 2002) 2002
Ban on handheld phones at the wheel 2002
Introduction of the driving licence for beginners 2002
Start of the Multi-year plan for road safety campaigns 2003
Blind spot mirrors for lorries : 2003
Safety Scan for road transport and haulage 2004
Ban on radar detectors 2004
Essential recognisable characteristics for road infrastructure 2004
Combined target distribution scheme incl. budget for local and regional road safety policy§ 2005
Maximum permitted blood-alcohol level for young drivers of 0.2% 2006
New regulations for child safety measures : 2006
Digital tachographs for haulage industry 2006
Registration numbers for mopeds © 2006

(source: SWOV and processed by DVS)
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without stopping the offender, which is
more efficient.

¢ Introduction of the Traffic Regulations Act
(Administrative Enforcement) (‘Mulder
Act’), which made the handling of minor
infringements simpler and quicker.

* The formulation of the spearhead policy,
which focused on the most endangered groups
of road users and the riskiest behaviour.
Furthermore, the first national quantitative
goals were set in 1987. Collision safety for
vehicles has also continued to improve.

The 1990s: Sustainable Safety
In the early 1990s, it was clear that there was
little more improvement to be had in road
safety and hence a more structural approach
was needed to achieve the objectives set for
2010. ‘Sustainable Safety” was introduced.
The essence of this approach was the avoidance
of encounters between road users with largely
differing masses, speed and direction. This
approach was designed to lead to an inherently
safe traffic system in which accidents and
serious injuries would be as good as excluded.
In late 1997, the national government, prov-
inces, water boards and municipal councils
signed an agreement for the Sustainable
Safety start-up programme, which obligated
them to implement the first series of measures
towards the realisation of a sustainable safety
system. The programme primarily focused on:
* distinguishing between traffic arteries and
traffic-calmed areas;
* expansion of 30 km/h zones;
* expansion of 60 km/h zones in rural areas;
* right-of-way on traffic arteries;
* uniform right-of-way on roundabouts;
* mopeds on the carriageway;
* bicycles and mopeds from the right have
right-of-way.

The Start-up programme began in early 1998
and ran until 2002.

The early years of the 21st century

The beginning of the new millennium saw the
completion of the Sustainable Safety start-up
programme, including the introduction of the
‘right-of-way for slow-moving traffic from
the right’ rule. Measures followed that were
primarily focused on tackling the significant
risks posed by new, often young, motorists.
Road safety policy was further decentralised:
‘decentralise where possible, centralise where
necessary’. The new National traffic and
transport plan, the National traffic and
transport strategy memorandum, was
established in 2005.

2.2.3 External factors

There are several external factors that are not
directly concerned with traffic but have an
influence on road safety nonetheless. These
factors can explain short-term developments
such as the annual fluctuations in the number
of casualties on the one hand, and long-term
developments on the other.

Short term: the weather

The weather is a key factor in looking at

short-term fluctuations in the number of traffic

casualties. Extreme weather conditions are

often the cause of large deviations in the

number of casualties.

The weather influences safety in three ways:

1 traffic density (the exposure);

2 the way in which people travel (mode of
transport as well as road user behaviour);

3 risk during a journey.



Long term: age, possession of a driving
licence and ‘collective learning’

Age

The most important cause of long-term
fluctuations is the age distribution in Dutch
society. Some age groups have a greater
chance of being involved in a traffic accident
than others. The groups constituting the
highest risk are the 16 to 24 year olds and
those aged 65 and over. The more people in
the group, the more casualties.

Since the early 1970s, the so-called ‘pill effect’
has caused the annual birth rate to drop by almost
30%. This is clearly visible in subsequent
accident data in terms of the number of
victims in high-risk age groups, with a dip in
the number over the last thirty consecutive
years among:

* young pedestrians and cyclists;

* moped drivers;

¢ young motorists/motorcyclists.

However, the latest dip, which included young
motorists and motorcyclists, is now a thing of
the past.

In the meantime, there is another age group
with a relatively high risk of being involved
in a fatal or injurious accident: the over 65s.
This increase will be gradual until 2010, after
which it will rise at an exponential rate due
to the wave of post-war births who will then
reach the age of 65.

Possession of a driving licence

There is a steady increase in the number of
driving licences being issued in the Netherlands,
particularly among the elderly: in the last
twenty years, this group has seen the number
of driving licences double.

The number of driving licences issued to
young people decreased slightly in the early
1990s, possibly due to the introduction of the
annual public transport pass. Since 1995, the
number of driving licences issued has risen
again, although in the last four years, this
increase has been slight.

Table 2.9. Development in the possession of
driving licences in percentages

. 18+years 18to : over65

: old : 24 years:
1985 = 682 : 596 : 30.0
1990 722 © 588 : 380
1995 764 568 : 457
2000 782 © 595 512
2004 802 : 606 : 562
2005 796 : 605 : 577
2006 802 ‘ 61.1 ° 599

(source: SWOV Cognos)

‘Collective learning’

The current generation of road users has
considerably more experience in traffic than
the generation immediately after the Second
World War, and more experience leads to a
lower accident risk. This experiential effect on
road safety has been shown for specific groups
for relatively short periods of between five to
ten years.
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2.3 The social costs of road unsafety

Traffic accidents have social consequences:
medical costs, loss of production, material and
immaterial costs, handling costs and congestion
costs. These costs are shouldered by society
and are considered social costs. In addition,
there are the costs that are passed on to the
individual such as the costs of all sorts of
(extra) safety features on cars or the choice of
amore expensive car on account of its safety
considerations. This group is not included in
the social costs, and neither are the costs of
road safety research [2.8].

Medical costs

Medical costs are the result of the treatment

of casualties, such as hospital costs, rehabilita-
tion costs, medical costs and the costs of
adjustments made for the disabled.

To determine these costs, different data sources
are used, including CBS statistics and the
National medical register. Information includes
the average number of days that a victim is
hospitalised, the average daily cost of care in
a hospital or nursing home and the number of
ambulance journeys a year.

Loss of production

The costs resulting from the loss of production
stem from the temporary or permanent
incapacity to work of those injured and killed
in traffic accidents.

The calculation assumes the potential loss of
production, which is to say the (financial)
contribution that someone could have made if
they had not been injured or died prematurely.
Itis irrelevant whether the individual victims
were employed prior to the accident and
whether they would have worked in the future.

Material costs

Material costs are the result of damage to
goods such as vehicles, freight, roads and road
furniture. The estimation of these costs is
based on insurance details such as claims for
damages paid, estimates of damages that have
not been claimed and the excess to which the
insured party is subject.

Immaterial costs

Immaterial damage or ‘human loss’ relates

to the loss of quality of life for casualties and
their next-of-kin. These are ‘costs’ in the form
of grief, pain, sorrow and the loss of enjoyment
of life. It might seem peculiar to translate human
grief into financial costs, but it is nonetheless
an instrument that helps to concretise the
importance of road unsafety.

In the Netherlands, immaterial costs are
determined using a survey into the amount that
people are prepared to pay for a particular
reduction in accident risk. This research
determines what is known as the ‘value of a
statistical life (VOSL)’, which forms the basis
for the calculation of immaterial damage. The
VOSL is adjusted for the loss of consumption
of traffic fatalities because this is already
included in the costs of loss of production.
Little is known about the immaterial costs of
non-fatal injuries. On the basis of a study
conducted in the UK, the immaterial damages
per injury requiring hospitalisation is currently
estimated at 10% of that of a fatality.



Table 2.10. Social costs as a result of a road unsafety

Social costs 1997 2003

Amount in millions (€) : Amountin millions (€)
Medical costs 232 232
Loss of production 2,449 : 1,294
Material costs 1,625 : 3,866
Immaterial damages 2,573 : 5,549
Handling costs 640 : 1,262
Congestion costs 100 : 125
Total 7,618 : 12,327
(source: AVV)

Table 2.11. Costs of road unsafety per traffic casualty

Type of casualty Cost (€)

1997 : 2003
Traffic fatalities, total 2,032,980 : 2,426,650
Hospitalisations, total 212,242 249,482
Emergency assistance, per casualty 5,318 7,909
Minor injury, per casualty 2,566 4,618

(source: AVV)

Handling costs

Handling costs are the result of dealing with
accidents and the resultant damage caused to
organisations such as the fire brigade, police,
the judicial service and the insurance companies.
Handling costs are estimated on the basis of
CBS statistics and insurance details.

Congestion costs as a result of accidents
Congestion costs are the result of the time lost
due to traffic congestion caused by an
accident.

To determine congestion costs, use is made of
research into the total congestion costs and the
proportion of time lost due to congestion
caused by accidents. This proportion appears
to be approximately 13%.

Total cost of a road unsafety

The total costs of traffic accidents in 2003 is
estimated at 12.3 billion euro. The individual
costs are shown in table 2.10.

The costs per casualty type in 1997 and 2003
are shown in table 2.11.
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2.4 The Netherlands in an
international perspective

The reduction of traffic fatalities in the EU
Compared with many other countries, the
Netherlands is one of the top three countries
in the field of road safety. The reduction in the
number of traffic fatalities in the past 15 years
is comparable with the average reduction in
the 14 other ‘old” EU member states (Austria,
Belgium, Denmark, Germany, Finland,
France, Greece, Ireland, Italy, Luxemburg,
Portugal, Spain, Sweden and the United
Kingdom) [2.1]. The ten ‘new’ member states
(Cyprus, the Czech Republic, Estonia, Hungary,
Latvia, Lithuania, Malta, Poland, Slovenia and
Slovakia) are less developed in this respect.

The number of traffic fatalities in the EU has
decreased steadily, with a 42% decline in the
old member states between 1990 and 2004
—exactly the same as the percentage in the
Netherlands over the same period.

The EU has set road safety goals that aim to
halve the number of traffic fatalities by 2010
compared to 2001. In comparison to 2001, the
old member states have achieved a reduction
of 18%, which is approximately 30% of the
intended reduction. In this period, the
Netherlands has seen a 19% reduction,
although this can be attributed in full to the
favourable figures achieved in 2004. By contrast,
the ten new member states have experienced a
slight increase in traffic fatalities since 2001,
which, if this continues, will prevent the EU
from achieving its targets.

Mortality: the number of traffic fatalities
per 100,000 inhabitants

In terms of the number of traffic fatalities per
100,000 inhabitants, the Netherlands is second
in the EU after Malta, with Sweden and the
UK following close behind. The diagram in
figure 2.8 shows the average figures over a
three year period (mostly 2002 - 2004) for the
25 member states and the average for these
countries (EU). Several non-EU countries are
also represented. This road safety measure
does not take into consideration the total
amount of (motorised) traffic in the country,
nor does it include foreign vehicles driving
through the country.

Risk: the number of traffic fatalities per
billion kilometres travelled

Another indicator for road safety aside from
the number of fatalities per number of
inhabitants is the number of fatalities per vehicle
kilometres travelled. Given the lack of informa-
tion concerning kilometres travelled, many
countries use the number of motor vehicles
instead. The diagram in figure 2.9, therefore,
is incomplete and incomparable in terms of the
period shown. Within the EU (in so far as data
is available), Sweden and the UK have the
lowest number of traffic fatalities per vehicle
kilometre travelled, followed by the Netherlands
and Finland. The Netherlands scored slightly
higher than such countries as Australia, Canada,
the United States and Japan.
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Figure 2.8. Number of traffic fatalities per 100,000 inhabitants in different European and non-European countries

(average 2002-2004)
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Figure 2.9. Number of traffic fatalities per billion vehicle kilometres travelled in different European and non-Euro-

pean countries (average 2002-2004)
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Global trend

According to the World Bank, more than one million people are killed in traffic accidents
worldwide every year, with many millions more seriously injured. The World Road Association’s
(PIARC) Road Safety Manual puts the total number slightly lower at between 800,000 and
950,000 fatalities in 2002, but expects a substantial growth in the number of fatalities world-
wide by 2020: between 1.1 and 1.3 million.

The increase in traffic accidents is not attributable to the Netherlands and the other ‘rich’
countries, where the number is actually decreasing. The decrease in safety throughout the
world is particularly prevalent in ‘poor’ countries. The table below illustrates the global trend
alongside that of rich countries.

Prognosis of the development in the number of In the coming years, the difference
fatalities as a result of road traffic between 2000  between ‘rich’ and ‘poor’ countries
and 2020, divided into World Bank regions is expected to become even greater.
This is a worrying development, all
South Asia C 4+ 144% the more so because a road unsafety
East Asia/Pacific + 80% is coupled with high social costs.
Sub-Saharan Africa + 80% Road unsafety is the result of being
Middle East/North Africa + 68% exposed to a particular risk. If risk is
South America/Caribbean + 48% split into an accident ratio (chance
Europe and Central Asia + 18% of an accident) and a severity ratio
Subtotal + 83% (chancg of_a serious outcome), the
o . ) following image emerges for
Rich’ countries Lo 28% developing and developed
World total .+ 66% countries.

(source: [2.17])

What strikes one first is that the exposure in developed countries is higher than in developing
countries due to the fact that there are more kilometres travelled in developed countries. The
reason that safety is better in these countries is related to the accident ratio and the severity ratio:
both the risk of an accident and the risk of being seriously injured in one are smaller.

The consequence of the differences between developed and developing countries is that the
latter require different types of measures with regard to road safety (and efficacy) than
developed countries. [2.9, 2.10]

Accident ratio

Developing countries

Developed countries

Exposure

,/Severity ratio



2.5 Key developments in the future

In the coming years, several trends will
influence road safety in the Netherlands [2.11].
An aging population and increased goods traffic
have already been included in the National
traffic and transport strategy memorandum in
determining road safety goals.

Aging

Aging will be of critical importance to road
safety in the Netherlands in the coming years.
Given that the elderly belong to the group of
more vulnerable road users, this development
will clearly have a negative impact on traffic
accident figures. The fact that aging in the
Netherlands is also shaped by the decreasing
number of children has a positive effect on
accident figures because children also belong
to the most vulnerable group. Moreover,
adecrease in the number of children also
means a decrease in the number of new

drivers. On balance, however, road unsafety
increases as a result of this development.
From 2011, the post-war baby boom generation
will reach the age of 65, which will mean that
the total number of over 65s will increase from
2.37 million in 2007 (14.5% of the Dutch
population) to 3.28 million in 2020 (19.6% of
the Dutch population).

The road user group that sees a relatively
large number of traffic casualties will,
therefore, become considerably greater in

the future. Furthermore, the consequences
and costs of caring for casualties in this group
are relatively high.

Figure 2.10. CBS population prognosis (reference year 2008) [2.16]
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Growth in passenger traffic

Traffic is expected to increase significantly
over the next decade. The National traffic and
transport strategy memorandum assumes a
growth in passenger traffic of around 20%
between 2000 and 2020. However, the
Welfare, prosperity and quality of the

living environment (WLO) scenario study
subsequently published by the Netherlands
bureau for economic policy analysis, the
national institute for spatial research and the
netherlands environmental assessment agency
assume growth of between 15% and 40%
depending on economic developments. This
means, therefore, that the roads will become
busier and the chance of traffic accidents will
increase accordingly. The fact that this trend is
also manifested within the built-up area is
particularly detrimental to the road safety of
vulnerable road users such as pedestrians,
cyclists and the elderly. Since many years one
third of the fatal accidents occure on 50 km/h
roads.

Growth in goods traffic

According to the National traffic and
transport strategy memorandum, goods
traffic will increase by 15% to 80% by 2020
depending on international and economic
developments. The memorandum’s growth
scenarios have since been adjusted (upwards)
on the basis of the WLO study. Goods traffic
will grow more quickly than passenger traffic,
which will result in a shift in their mutual
relationship. The increase in heavy goods
vehicles has a major impact on road safety.
Although heavy vehicles are less frequently
involved in accidents, the injuries sustained
tend to be more serious and more often result
in fatalities.

Multicultural society

Statistics Netherlands expects that Western
and non-Western immigrants will constitute
approximately 21.5% of the Dutch population
by 2020 as compared to 19.4% in 2007.
Based on a study into the mobility of Turks,
Moroccans, Surinamese, Antilleans and other
ethnic minorities in the fifty largest cities in
the Netherlands, the Netherlands institute for
social research has concluded that immigrants
are less mobile. They travel less than native
Dutch citizens and cover less distance in the
same time. In addition, they also make more
use of public transport.

This group also made significantly less use of
cars and bicycles than native Dutch citizens,
although this is beginning to change. 25% of
Turkish, 30% of Moroccan and Surinamese
and almost 50% of Antillean households do
not own a car. Furthermore, 25% of immigrant
households do not have access to a bicycle.
Despite relatively low car ownership, Turkish
immigrants use their cars more often (64% of
journeys) than native Dutch citizens (55%),
with Moroccans (51%), Surinamese (50%)
and Antilleans (43%) using it less.

In general terms, the travelling habits of
immigrants in the Netherlands are good for
road safety. In order to retain this positive
balance, investments into the quality of public
transport are required as well as attention to
public spaces from the perspective of the
pedestrian. Because integration and emanci-
pation will prompt more immigrants to cycle
and drive, this will probably add a group to the
(motorised) traffic that previously only partici-
pated to a limited extent, which deserves
attention in road safety policy.

What these figures mean for road safety is as



yet unclear. However, the trend is important
enough to monitor and to study its consequences
for road safety.

Internationalisation

The international importance of road safety is
linked to continuing globalisation, which was
highlighted by the World road safety week
organised by the United Nations and the
World Health Organisation in April 2007.
Worldwide interest stems from concerns about
the social costs that result from road unsafety
and the sorrow that is caused. Moreover, the
worldwide growth in the number of traffic
casualties is expected to persist, particularly in
developing countries, where road unsafety is
the prime cause of death in young people
between 15 and 21. In its role as the “World
road safety champion’, the Netherlands is seen
as an example to all.

European Union

The influence of the European Union as
governmental tier and legislator is increasing.
In areas such as vehicle technology, the
Netherlands depends to a large extent on
Europe. In collaboration with other member
states, organisations and the European
Commission, the Netherlands is endeavouring
to improve safety standards in cars. This is
increasingly important because many people
expect that a key part of the improvements to
the road safety of new vehicles will depend on
technology. This should make it possible to
achieve the goals set for 2020. The fact that
there are now more countries with less road
safety means that the EU is also performing
less well, which is putting pressure on
European goals to halve the number of traffic
casualties in the period up to 2010 compared
to 2003. Countries where road safety is

problematic can still take the most obvious
measures and make greater inroads into
achieving the goals than leading countries
such as the Netherlands. The Netherlands can,
however, benefit from exchanging best
practices with other European countries that
are performing well and join those countries
in acting as an example to those less de-
veloped countries that still have some way to go.

Foreign road users

In the Netherlands, foreign road users account
for more than 10% of traffic offences. The
opening of EU borders and the growth of
traffic throughout Europe as a whole have
resulted in an increased level of foreign road
users in the Netherlands. Despite driving
licence requirements being brought into line
throughout the EU, there are still significant
differences in education and testing. This is
particularly true of the relative unfamiliarity
that some drivers have with the prominent role
of cyclists in Dutch traffic, which can have
serious consequences. Many of the road safety
measures in the Netherlands are only applicable
to people who live there. Requirements
regarding education, testing, vehicle checks
and suchlike do not apply to foreign drivers,
who are rarely exposed to the relevant
information, if at all. Following the severe
weather warnings in 2007, for example, Dutch
lorry drivers parked along the side of the road
for their own safety, while their foreign counter-
parts continued driving. Extra attention should
be focused on both this group and Dutch drivers
in foreign countries, where good information
in advance can prevent accidents. Although
the effects of these developments on road safety
are not yet fully known, the developments are
important enough to continue looking into more
closely.
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Technology

There is currently a great deal of new technology
being developed, with yet more being launched
all the time. Mobility-related technology is
becoming ever more advanced, which is a
trend relevant to the Ministry of Transport,
Public Works and Water Management in terms
of its policy goals regarding accessibility,
environment and road safety, because new
systems can make traffic systems more
efficient, cleaner and safer. There is a clear
trend towards cars fitted with sensors, which
make driving easier, provide risk warnings
and/or intervene in the event of danger in the
same way that ABS (Anti-lock Braking System)
and ESC (Electronic Stability Control) keep
the car under control in difficult circumstances
such as sudden swerving or braking on slippery
roads. ACC (Automatic Cruise Control) helps
to maintain distance between cars. While these
are sold as comfort systems, they also contribute
to safety. ACC is also often combined with an
anti-collision system. There are also applications
to help drivers stay in lane and maintain a safe
speed. One example is the ISA (Intelligent
Speed Assistance) system, which the Ministry
of Transport, Public Works and Water
Management would like to test. Roadside
technology such as extra lanes during rush
hour, ramp metering and traffic management
is also taking on an ever greater role.

In deciding to introduce new technology,
attention must be paid to its possible conse-
quences. Drivers, for example, must not be
distracted by navigation systems or on-board
diagnostics or feel that they are safer as a
result of having them and start to drive less
safely. Support is also important. Practical
experience has shown that innovative products
are mostly introduced on a voluntary basis

first, which means that acceptance gradually
grows. In time, an application is introduced as
standard through habituation, possibly by way
of a statutory obligation.

Another development is the rise of car
entertainment systems such as DVD players,
which must be addressed if it poses a danger to
road safety.

Relationship between citizens and
government

The relationship between citizens and
government has changed dramatically in
recent decades. Dutch people have become
more articulate and more conscious of their
power as consumers, which is partly due to
the rise of the internet. The government
understands this (as witnessed by action plans
such as ‘A different government’) and would
like to be more reticent in what they regulate
and how they regulate it. The government
would like to appeal to social forces more
often and provide space for the independent
citizen who is mature and engaged.

This development demands a government that
presents itself as a social ally, that is reliable
and that works on solutions in collaboration
with citizens. It calls for an alternative philoso-
phy with regard to governance with a better,
customer-oriented provision of services, less
bureaucracy, more decentralisation and an
adroit government organisation. In this new
role, the government will pay more attention
to dialogue and to listening to and working
with citizens through, for example, the use of
the internet to provide opportunities to contribute
ideas. The government must instil confidence,
provide space and equip people to participate
fully and shoulder responsibility. The govern-
ment should be subservient and put the citizen



first. Regulations are still necessary and need
to be adhered to, but time will tell if these
regulations are actually of any use. The
government maintains responsibility, of
course, but this does not detract from the fact
that policies stemming from dialogue lead to
greater involvement, which encourages
workability and leads to better results.

2.6 Summary

The key points in this chapter are:

» The level of road safety has increased since
1974, resulting in a decrease in traffic
fatalities from over 3,250 in 1972 to 971
in 2007.

* The number of hospitalisations has also
decreased, albeit less rapidly.

e The decrease is the result of a number of
road safety measures that have been
introduced in recent decades.

* In 2003, the social costs of road unsafety ran
to €12.3 billion.

¢ Internationally, the Netherlands is one of
the countries with the highest levels of road
safety.

e Aging and the increase in goods traffic are
identified as factors that have a primarily
negative impact on road safety.
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Learning objectives for students:

* to gain an understanding of road
safety policy in the Netherlands;

¢ to know the reasons behind this
policy;

* to know how road safety policy is
organised and who is responsible for
which part;

* to understand the role played by the

European Commission.
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3 Policy

3.1 National traffic and transport
strategy memorandum

The Traffic and transport planning act
prescribes the need for a national traffic and
transport plan. This plan will be prepared by
the Ministry of Transport, Public Works and
Water Management in consultation with the
national government, the provinces, the Joint
regulations act+ (JRA+) regions, municipal
councils and water boards. Within 18 months
of adopting the national traffic and transport
plan, the provinces and Joint regulations act+
regions must have one or more provincial and
regional traffic and transport plans in place
that elaborate the national traffic and transport
plan. While municipal councils do not need to
have a specific traffic and transport plan, they
must implement a visible traffic and transport
policy that corresponds with the national
objectives and the provisions of provincial or
regional traffic and transport plans. JRA+
regions are also known as Framework Act
regions. These are regional public bodies
comprising several municipalities in an urban
area that are assigned certain statutory tasks.
They include: Haaglanden region, Rotterdam
region, Twente region, the Arnhem-Nijmegen
region, Amsterdam region, Utrecht region and
Eindhoven region.

The Planning act also stipulates that ‘decisions
of vital importance’ can be recorded in a separate
section entitled “The essential parts of the
policy’. Such essential parts must be devel-
oped in the policies and plans of the national
and decentralised authorities.

Road safety in the National traffic and
transport strategy memorandum

Dutch road safety policy is described in broad
outline in the Ministry of Transport, Public

Works and Water Management’s National
traffic and transport strategy memorandum
[3.1, w3.1], which is the national traffic and
transport plan that provides frameworks and
objectives for traffic and transport policy in
both the medium term (to 2010) and the long
term (to 2020). The Memorandum is valid for
15 years and contains measures that pertain to
a strong economy, a safe society, a good living
environment and an attractive country.

The Memorandum gives priority to permanent
improvements in (traffic) safety. The structural
reduction in the number of casualties must be
continued so that the Netherlands can retain its
position at the top of the European Union. The
aim is to reduce the number of traffic fatalities
and hospitalisations in the Netherlands to a
maximum of 750 and 17,000 respectively
before 2010. This equates to a 30% decrease
in the number of fatalities and a 7.5% decrease
in the number of hospitalisations compared to
2002. The aim for 2020 is a reduction of 45%
and 34%, which equates to 580 fatalities and
12,250 hospitalisations.

In terms of finances, this will result in an annual
reduction in social costs of more than 5 billion
euro. These are not the final aims of the road
safety policy, but rather intermediate goals in
the attempts to improve safety on a permanent
basis. According to the National traffic and
transport strategy memorandum, this aim can
only be achieved if radical European-wide
improvements are made in vehicle technology
and a mobility pricing policy is introduced.

One key maxim in the National traffic and
transport strategy memorandum is: ‘Decentralise
where possible, centralise where necessary.’
Decentralisation was implemented much earlier
in road safety policy than in other transport



Figure 3.1. Aims for 2010 and 2020 in terms of fatalities and hospitalisations
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policies, but with the adoption of the National
traffic and transport strategy memorandum,
however, decentralisation has been universally
established. Government contributions such as
Sustainable Safety measures and the Combined
target disbursement were combined to form the
broad goal-oriented grant (BDU). The provinces
and Framework Act regions ensure that these
financial means are available for regional and
local transport projects.

3.2 Road safety strategy 2008 - 2020

In 2008, the Ministry of Transport, Public
Works and Water Management published its
‘Strategic road safety plan 2008-2020:
Safety memorandum of, for and by everyone’
[3.2], which elaborates on the policy outlined
in the National traffic and transport strategy
memorandum. The following is a summary.
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3.2.1 Ambitions

* The Netherlands must remain the world
champion in road safety;

* continue the success, implement permanent
improvements;

e cornerstones are co-operation, an integral
approach and Sustainable Safety;

e more attention to the protection of vulner-
able groups and dealing with persons
responsible for accidents;

* innovation provides a key contribution to
the desired reduction in the number of
accidents.

Challenging aims, challenging policy

The Netherlands would like to maintain its
position as one of the world’s safest countries
in terms of traffic, which makes the realisation
of the ambitious aims set out in the National
traffic and transport strategy memorandum of
key importance. According to the Ministry of
Transport, Public Works and Water Manage-
ment, this will only be possible if a new and
challenging policy is introduced that focuses
on vulnerable and weaker road users and in
which road users who cause accidents are dealt
with firmly. Strategic choices will be necessary
that can have far-reaching consequences for
the landscape (‘no tree-lined roadside verges’),
for example, or for the costs of a separate
infrastructure that will help to prevent accidents.
Moreover, measures may be necessary to change
the existing dilemma between freedom of
movement and limiting measures (for example
an increase in the age at which a person can
drive a moped) or to utilise technology to
force road users to act in a particular fashion
(for example speed limiters in vehicles).

Three cornerstones, two policy lines

In the period between 2008 and 2020, road
safety policy will be based on the three
cornerstones that have made the policy so
successful in recent years:

* co-operation;

* integral approach;

 Sustainable Safety.

Co-operation is sought not only within the
world of road safety but outside it as well, with
associations being formed with the education
sector and, in terms of enforcement, with the
police, judiciary and Public Prosecutor,
including the collaboration within the local
triumvirate (mayor, police and public
prosecution service). Countless social
organisations also play arole in the implemen-
tation of policy.

Not all target groups, vehicles and road types

have benefited equally from improved safety

in recent years; others are subject to substan-
tial risk. Against this background, policy to
improve safety is divided into two distinct
lines:

 The first builds on the success of recent
years with generic measures (vehicular
policy, behavioural measures, and stimulat-
ing regional and local measures).

* The second focuses on specific areas of
attention, which stem from an analysis of
accident data and trends that could influence
road safety in the future.

The second line distinguishes between the

following two areas of attention:

1 Road user groups that demand extra
attention, both victims and perpetrators of
accidents. Groups that are the victims of
accidents on a frequent basis include such
vulnerable road users as the elderly, cyclists



and pedestrians, all of whom run a relatively
high risk. The decrease in accident rates in
recent years has not been as marked in this
group as it has been in others. Other groups
that require extra attention are speeding
motorists and inexperienced drivers
because, consciously or otherwise, they are
relatively often the cause of unsafe situations.
2 Roads, especially 50 and 80 km/h roads, and
vehicles that require extra care. Despite
every effort to the contrary, 50 and 80 km/h
roads still see the greatest number of casual-
ties. Vehicles that require policy attention
include delivery vehicles and lorries,
particularly because of their size and volume.

The key is finding a balance between the
generic and the specific; for example, ISA
(Intelligent Speed Assistance) will not be
imposed on all drivers, but only on those
notorious for speeding.

Innovation

Innovative solutions must help realise the
ambitions of the road safety policy. Many
new technologies are being developed, with
yet more being launched all the time. Mobil-
ity-related technology such as navigation
equipment is becoming ever more advanced.
This is a trend relevant to the Ministry of
Transport, Public Works and Water Manage-
ment in terms of its policy goals regarding
accessibility, environment and road safety.
New systems can make traffic more efficient,
cleaner and safer. This is why innovative
measures are also part of the package of
measures. The role played by innovation is
becoming more important as mobility
continues to grow. However, we should also
pay attention to any undesired side-effects of
new vehicular technology, such as when the

driver’s attention is diverted or when drivers
begin to drive more dangerously as a result of
such technology lulling them into a false sense
of security.

3.2.2 Approach

A mixture of measures will be implemented,
all of which include the three cornerstones
(co-operation, integral approach, Sustainable
Safety). There are different measures focusing
on infrastructure, vehicles, and humans and
education (after all, the design of infrastructure
is also largely intended to affect behaviour).

Generic measures

Generic measures are the more general themes

of road safety policy, many of which were

introduced years ago and have proved
successful. These measures include:

* Vehicular policy. Vehicle safety has
increased significantly, with the EuroNCAP
programme in particular providing direction.
Moreover, European research programmes,
in which the Netherlands plays an active and
financial role, encourage the vehicle
industry to develop active safety systems
in vehicles. In addition, Dutch knowledge
institutes and market parties also work on
the development of such systems such as
Adaptive Cruise Control (ACC), Electronic
Stability Control (ESC), Stop and Go,
and Intelligent Accelerator.

 Education. This involves information and
campaigns, road safety education and the
Educational Measure on Behaviour and
Traffic (EMG).

* Encouraging regional and local measures
via the broad goal-oriented grant. Every year,
80 million euro is made available for such
measures, although it should be noted that
in the context of departitioning, the sum
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is not specifically earmarked for safety.
The provinces and Framework Act regions
determine for themselves how they use the
financial means available to them to realise
the aims set out in the National traffic and
transport strategy memorandum for their

region. An integral approach is encouraged.

Tackling areas of attention

The ‘Strategic road safety plan’ [3.2]

distinguishes between the following areas of

attention;

e pedestrians;

e cyclists;

e children;

o the elderly;

e new drivers;

* moped or light moped riders, and drivers of
single-seat vehicles with moped engines/
mobility scooters;

e motorcyclists;

e drivers under the influence of alcohol,
drugs, medication or fatigue;

* motorists who exceed the speed limit;

* single-vehicle accidents;

e 50 and 80 km/h roads;

* lorries and delivery vehicles;

These areas of attention will not be dealt with
as separate issues. A cohesive approach on
more than one front would appear to be the
most effective. In terms of the safety of
cyclists, for example, different perspectives
are examined such as cars and lorries (collision
compatibility), behaviour (driving lessons,
danger recognition) and infrastructure
(separate cycle lanes and maintenance).

Sustainable Safety approach

Because the principles of Sustainable Safety
have borne fruit in recent years, this approach
will continue to be used. The following five
principles of Sustainable Safety remain the
basis for infrastructure design: functionality,
homogeneity, forgivingness, recognisability
and state awareness.

Of course, it is also important to gauge the
efficacy and the social support of measures
taken in the context of Sustainable Safety.
Prioritisation on the basis of risks is seen as
the most useful approach.

Tackling infrastructure

Every road will be provided with the new road
markings known as essential recognisability
characteristics. The road markings are linked
to the categorisation of roads. Chapter 7 will
discuss the infrastructure aspects of Sustainable
Safety in more detail.

State roads are more dangerous than motorways,
even if they are properly designed. A programme
is currently underway to eliminate the weak
points on these roads. If this approach proves
successful, it will also be used on provincial
roads.



Innovation and experimentation

The first area of attention for the Ministry of
Transport, Public Works and Water Manage-
ment in terms of innovation and experimentation
is that new technological applications are not
assessed in isolation but in their complete
context. The introduction of ABS has shown
the relevance of this approach. From a purely
technical perspective, ABS had enormous
potential to contribute to road safety. However,
drivers’ risk compensation behaviour has meant
that, in reality, ABS has provided less in terms
of safety than was previously expected.

A second area of attention concerns the
acceptance of new functions. Not every system
that increases safety will be accepted by road
users as a matter of course. The boundary
between what is technically feasible and what
people find acceptable will shift as a result of
the developments themselves and through
force of habit.

A third area of attention concerns the inter-
action between driver and technology. Should
a system only provide a warning or actively
help with driving or even intervene automat-
ically? Independent intervention by technical
applications is, in principle, justified if it helps
to protect drivers and other road users in
dangerous situations (slippery roads) or in
emergencies.

The Ministry of Transport, Public Works and
Water Management does not advocate
compulsory intervention in the generic sense
with a normal driving task unless drivers
choose such a system themselves. The time
isn’t ripe for the introduction of compulsory
active speed limiters with ISA technology
(Intelligent Speed Assistance) across the
board, but the Ministry would like to make
ISA compulsory for road users who repeatedly

exceed the speed limit. As mentioned earlier,
the introduction of technological innovations
should also include a means of monitoring
potential risk adaptation, which is to say that a
driver will behave more recklessly due to an
enhanced feeling of safety.

ABS is one example of innovation that
appears to deliver little in the way of positive
results. Section 1.2.3 on the cycle of human
information processing discusses this aspect in
more detail.

To enable good ideas to prove themselves, the
Ministry of Transport, Public Works and Water
Management supports knowledge institutes
such as SWOV, TNO and the Transumo
foundation, as well as facilitating experiments
with, for example, in-car technology.

Behaviour: perpetrators and victims

Focus on perpetrators

Repeat offenders should be dealt with firmly,
with the principle ‘the perpetrator pays’ being
applied more often. Repeat offenders con-
sciously disrupt the safe environment that the
authorities provide and constitute a risk to
both themselves and other road users. As the
offences or their consequences become more
serious, so the freedom of the perpetrator will
be more seriously curtailed within the traffic
system by using new technology such as speed
limiters and alcolocks.

Studies should also be conducted into road use
and the construction and maintenance of
roads. Road unsafety is not always caused by
drivers; an inferior road infrastructure or
insufficient maintenance could also lead to
dangerous traffic behaviour.
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Antisocial behaviour

In addition to a firmer approach to repeat
offenders, explicit attention should also be
paid to antisocial and dangerous driving
behaviour including such offences as cutting
in, tailgating, exceeding the speed limit and
jeopardising the safety of others such as road
workers. In 2008, the Educational measure on
behaviour and traffic (EMG) was introduced
for these antisocial road users, which is similar
to the Educational measure on alcohol (EMA).

Driving licence as permit

In passing the driving test, a learner driver has
to show driving proficiency and suitability.
However, this does not apply solely to the test;
drivers should continue to see to it that they
remain proficient and suitable to drive. If a
driver appears unable to shoulder this responsi-
bility, taking conscious risks and causing
potentially dangerous situations, it should be
easier to revoke their driving licence. One
such example is the driving licence that is
linked to a points system, whereby points are
added after every penalty up to a maximum
number at which the licence is revoked.

Focus in road safety education

Working on behaviour demands a focused
effort in terms of road safety education, which
is why this remains a key policy element.

Enforcement

Traffic enforcement remains an important
instrument in tackling road safety. Where
necessary, the current enforcement standards
will be continued at least at the same level,
which requires efficient collaboration between
the Ministry of Traffic, Public Safety and
Water Management, the Ministry of Justice
and the Ministry of the Interior.

However, enforcement is not considered an
autonomous instrument. Cohesion between
repression (enforcement) and prevention
(infrastructure and communication) is of
paramount importance. The general principle
is that enforcement only takes place at a
certain location when no improvement can be
made on the road design. Chapter 10 on traffic
enforcement will discuss this in more detail.

Efficient enforcement requires risk analyses
of factors that determine road unsafety.

These can be divided into a minimum of three
types, including:

e traffic violations;

e road users;

e locations.

The approach taken by the police to traffic
violations is primarily focused on a number of
spearheads: the correct use of crash helmets,
wearing a seatbelt, stopping at a red light,

no alcohol in traffic, and enforcing maximum
speed. This approach has already made an
important contribution to the improvement
of road safety. The spearheads will continue
to apply even as their relevance is subject to
periodical evaluation.

Research has shown that the objective and the
subjective (instinctive) probability of detection
has a considerable influence on the extent to
which drivers conform to normal traffic
behaviour. The objective probability of
detection will be increased by making use of
new technologies that make it easier to detect
traffic violations. This will be discussed in more
detail in chapter 10 on traffic enforcement.



Reward

In addition to sanctioning, rewarding is also
used as an instrument to influence behaviour.
For smaller target groups, rewarding is a
particularly successful addition to conventional
police repression, being in line with the strategy
to focus measures on specific areas. An organisa-
tional framework will be designed for the
development and implementation of the
reward instrument with intermediary and
interest groups playing a key role.

Knowledge

The implementation of an effective and
efficient road safety policy requires knowledge,
for example of the trends that are relevant to
road safety, the volume and background/causes
of accidents and the effects of potential road
safety measures. Knowledge must be made
accessible in good time to the proper parties:
policy makers/administrators and implementing
parties at national, regional and local levels.

Direction

The adoption of the National traffic and
transport strategy memorandum signified the
decentralisation of many tasks and responsi-
bilities in the field of road safety. However,
the Ministry of Transport, Public Works and
Water Management remains responsible for
the effective progress of the process as a
whole, stepping in if things are not running
smoothly at a decentralised level. Initially,
they will act as a catalyst in the event that
processes are wavering. If this still results in
insufficient progress or unfavourable influence
on road safety, they can then employ a more
rigid central control mechanism. If the problem
is infrastructural, the Ministry can formulate
compulsory regulation. In terms of permanent
road safety education, the regional parties

would appear to play a key role in the
development of a more structured approach.

The market

Private parties can play an important role in
the realisation of road safety objectives. The
following are a number of key issues:

—_—

Responding to consumer needs. Safety must
be linked to the market principles of profit,
practicability and pleasure, making it
interesting for market parties to directly

or indirectly contribute to road safety.

2 Ensure that companies and organisations
can distinguish themselves on the market.
One such example is EuroNCAP: which car
deserves the most stars?

3 Consider the costs and show hidden cash
flows. How much, for example, do traffic
accidents cost the transport sector?

4 Where can the authorities provide help by
eradicating the problems of others whilst
increasing road safety?

5 What do government authorities have that

the business sector finds interesting enough

to want to implement or exchange?

3.2.3 Alternatives

This approach will still result in 580 traffic
fatalities and 12,250 hospitalisations by 2020.
In a sense, this is an admission that in 2020
fifty fatalities a month is acceptable and that
this is the collective price of freedom.
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However, an alternative scenario exists that
would reduce the number of fatalities in 2020
to a maximum of 250. This demands that
choices of an alternative and more radical
nature be made:

1 investing billions of euros in the infrastructure

through the stringent application of the
principles of Sustainable Safety;

2 limiting the freedom of mobility: prevent

accidents through limiting or banning
mobility for high-risk target groups;

3 acombination of 1 and 2.

3.3 European road safety action

programme EU

The ‘European Road Safety Action
Programme’ [3.4] states that a high price is
being paid for increasing mobility. In Europe,
1,300,000 personal injury accidents a year
result in more than 40,000 fatalities and
1,700,000 injuries, with direct and indirect costs
being estimated at 160 billion euro a year, or
2% of the EU’s gross national product (GNP).

The main causes of traffic unsafety at
European level are:

Excessive and improper speed, the cause of
about one third of all fatal and serious
accidents and a major factor in determining
the seriousness of injuries.

The consumption of alcohol and drugs, or
fatigue. Drinking and driving is responsible
for about 10,000 deaths each year. The
problems of driving under the influence of
drugs and fatigue are also increasing.
Non-compliance with the driving/rest times
by professional drivers, which leads to
fatigue.

Failure to wear a seatbelt or crash helmet is
amajor aggravating factor in accidents;

proper use of these safety measures could
save almost 7,000 lives a year.

* The lack of sufficient protection provided
by vehicles in the event of impact. Analysis
of accidents indicated that 50% of all
injurious, fatal and disabling accidents
could have been avoided if protection had
been better.

* High-risk accident sites (black spots).

* Poor visibility of other road users or an
insufficient field of vision for the driver.
The lack of visibility in the blind spot
towards the rear of vehicles alone causes
500 deaths a year.

The action programme aims to reduce the
number of fatalities by 50% by 2010, or in
other words, save the lives of 20,000 people
ayear. Incidentally, road unsafety varies from
country to country.

The recommended areas of action were:

1 Encouraging road users to improve their
behaviour;

2 Using technical progress to make vehicles
safer;

3 Encouraging the improvement of road
infrastructure;

4 Safe commercial goods and passenger
transport;

5 Emergency services and care for road
accident victims;

6 Accident data collection, analysis and
dissemination.

In 2005, there were some 41,600 traffic casual-
ties in Europe —a 17.5% decrease in four years.
If this reduction rate continues, the number of
casualties will reach 32,500 by 2010, far short
of the intended maximum of 25,000.



Many issues that are prescribed at European
level can be ‘politically sensitive’ because
they concern the sovereignty of member states
and personal freedoms, or what is known as
the subsidiarity principle. There is little debate
in the EU about the desirability of designing
safer cars and infrastructure. Similarly, no-one
in the EU disputes that Brussels has an
important role to play in the promotion of road
safety as a quality aspect of the transport
policy, which is also the ‘lubricant’ of the
European internal market.

However, as soon as the behaviour of road
users and monitoring of this behaviour comes
up for discussion, decision-making processes
become more difficult. This touches upon such
issues include alcohol use, speed limitations
and driving/rest times in the haulage industry,
for which the EU member states have widely
varying regulations, particularly concerning
alcohol [3.5].

One successful action in Europe is the European
New Car Assessment Programme (EuroNCAP)
for impact testing. EuroNCAP is a joint
initiative between a number of countries and
organisations, which initially included the EU.
The costs are borne by the participating
organisations. EuroNCAP successes are
currently centred on making cars safer for
passengers. Unfortunately, less has been done
to improve the safety of cyclists and pedestrians.
The EU sometimes has an unfavourable effect
on road safety in the Netherlands. The transfer
of powers of member states to the EU has both
positive consequences — including the improve-
ment in the safety quality of vehicles — and
negative consequences, like the obligation to
allow less safe vehicles such as the single-seat
car with moped engine into the country.
Moreover, EU expansion will lead to more

foreign drivers and hauliers, which will result
in increased traffic risks, as foreign companies
often lack a safety culture.

In terms of the daily practice of traffic engineer-
ing, the EU has had only a limited influence in
the past. It is highly possible that Europe will
have a greater influence on road safety policy
in the near future. Europe determines to a large
extent the requirements placed on cars, which
is why European legislation is often incorporated
into its Dutch counterpart (the Road traffic

act and the Motor vehicle regulations).
Moreover, innovations are also prepared in
what are known as European Framework
programmes. Vehicular innovations developed
in collaboration between car manufacturers,
research institutes and European governments
may be especially influential for the develop-
ment of road safety in the period after 2010.

In addition, the collaboration between countries
within the EU will also be encouraged, particu-
larly with regard to measures on the Trans
European Road Network (TERN).
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3.4 Policy development

Policy is developed according to the policy
cycle: identifying a problem and the accom-
panying need for policy, formulating policy,
implementing, measuring and evaluating and,
if necessary, adjusting it.

Figure 3.2 shows the cycle for road safety
policy. Road safety problems are identified on
the basis of accident data or other sources.
Advance assessments of the effects of possible
measures must indicate which measures can
provide a solution that will reduce the road
unsafety observed. A popular method for
conducting advance research is the use of
pilots, in which measures are initially tested
on a small scale. One example is the ‘Mopeds
on the carriageway’ programme, where a
number of road sections in three different
cities were tested first before the programme
was implemented nationwide. Before a
measure can be implemented, there must be
evidence that the initiative has the support of
a substantially large proportion of the Dutch

population. Every year, the Ministry of
Transport, Public Works and Water Manage-
ment assigns a large-scale survey of the Dutch
population — the Periodic regional road

safety survey —in which people are asked to
voice their opinions about the new measures
as well as their own behaviour (also in terms
of speeding) and involvement in accidents.
Due to their legal consequences and because
they encroach upon the specific freedoms of
Dutch road users, new measures such as
‘Mopeds on the carriageway’ are submitted
for approval to the Upper and Lower Houses
in the form of a legislative proposal or a
Governmental Decree (AMvB). After
implementation, new measures are monitored
and evaluated again after a number of years.
Where possible, the effect is quantitatively
recorded, although this is not always possible
given that road safety measures are often not
autonomous but take place in an environment
that is subject to other changes as well.
Monitoring developments and evaluating
policies help policymakers understand the



extent to which measures have been success-
ful and whether they require adjustment.

Not all measures are formulated on the basis
of the policy cycle. Some also originate from
political parties that regularly put forward
proposals for the implementation of new
measures. An example is the preparation of
the demerit points driving licence, which is
the result of an amendment presented by the
parliamentary parties. In addition, many meas-
ures come from the EU, particularly require-
ments that apply to vehicles. Member states
are obligated to include the new regulations in
their legislation.

3.5 Organisation of responsibilities

The national government seeks optimum
collaboration between public and private
parties. In that context, it is important that
responsibilities are properly organised and
processes appropriately co-ordinated. The
Ministry of Transport, Public Works and
Water Management distinguishes four levels
of policy implementation:

1 International policy. The Netherlands plays
an active role (for example in vehicular
programmes and EU framework programmes)
in the development of international legislation
such as the European driving licence guideline
and the vehicle-related guidelines and
legislation.

2 National policy. In addition to measures
oriented towards people, vehicles and
infrastructure, the national government is
also responsible for the knowledge infra-
structure. It has its own knowledge services
(such as the Centre for transport and
navigation) and subsidises several knowledge
institutes such as SWOV, TNO, CROW and

KpVV, all of which play their own role. The
national government is also responsible for
issues such as driving licence policy
(learner’s licence, lower alcohol limits for
new drivers, driving lessons and exams,
driving licence documentation, moped
licence), enforcement policy (Bureau for
Traffic Enforcement of the Public Prosecu-
tion Service and regional enforcement
teams), information (Multi-year road safety
campaigns programme) and legislation.

3 Regional policy. The provinces and the city
regions are seen as the directors of regional
road safety policy, with the national
objectives being translated into regional
objectives. In order to achieve these, the
regions formulate a traffic and transport plan
in collaboration with their partners such as
provinces, municipalities, water boards,
police and the Public Prosecution Service,
companies, citizens and lobbyists. The
national government makes money that is
not otherwise earmarked available to the
regional authorities for their regional and
local road safety policy. This is known as
the BDU, the broad goal-oriented grant.
The regions determine their own set of
measures, set their own priorities and divide
the money within their own region. Moreover,
regional and local means must also be used
to achieve the objective.

4 Local policy. Municipal councils and water
boards take measures to improve road safety,
such as the construction of the 30 km/h
zones and 60 km/h zones, road safety
education and enforcement.
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Actor

: Why is this necessary?

Regional and provincial road safety
bodies /Provinces/City regions

: Co-ordinator of education and regional
. campaigns

Central office for motor vehicle driver
testing (CBR)

: Expertise in driving lessons, driving tests, driving
. licences, educational measures

Knowledge platform for traffic and
transport

Supports decentralised government agencies with
the implementation of transport policy

Dutch traffic safety association (VVN)

Expertise in traffic behaviour and safety

Dutch association of the bicycle and
automotive industries (RAI)

: Vehicular expertise

Information and technology platform for :
transport, infrastructure and public space
. infrastructure, traffic, transport and public spaces,
- focused on all levels of government

(CROW)

Development, dissemination and management of
practically applicable knowledge in the fields of

BOVAG (the association of motor car
garage and allied trades)

Vehicular expertise

Dutch cyclists’ union

Expertise in bicycles and cycling

Dutch organisation of public transport
users (ROVER)

Expertise in public transport

Dutch transport operators association
(TLN)

: Expertise in haulage

Dutch confederation of agriculture and
horticulture (LTO)

. Expertise in the agricultural sector

Royal Dutch touring club (ANWB)

. Interest group for road users

Public transport companies

Expertise in public transport products

Emergency services and hospitals

: Expertise in the consequences for emergency
: services

Enforcement/Bureau for traffic enforce-
ment of the public prosecution service

Expertise in and use of traffic enforcement

The various road authorities

* Necessary for co-ordination

The various tiers of government

Necessary for co-ordination, application of available
 means, legislation, implementation of regulations

Institute for road safety research (SWOV)

Scientific experts in road safety

Centre for transport & navigation
(previously known as the Transport
Research Centre)

Basic information on road safety, knowledge
: centre for road safety for the Ministry of
: Transport, Public Works and Water Management

Netherlands organisation for applied
scientific research (TNO)

Expertise in vehicle safety, human factors

Consultancies

Expertise in traffic engineering and traffic
: technology



Figure 3.3. Pizza model
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Farties in road safety

Road safety is the responsibility of many
different parties, all of whom have their own
role to play. The key is to involve the right
parties early enough when making decisions
that impact road safety. The overview on the
opposite page can be used as a general
checklist. For some decisions, other parties
such as citizens and associations of shop
owners may need to be involved.

3.6 Policy strategies

3.6.1 An integral approach

Just like road safety itself, decision-making
processes and responsibilities of the various
tiers of government can be based on either a
preventive or a curative approach.

The best way to promote road safety in policy
is to take a preventive approach. Many aspects
of policy have direct or indirect consequences
for traffic, transport and mobility and, therefore,
also for road safety. One such example is the
scale increase in the education sector, which
has caused an increase in the distance between
the schools and the pupils, and which, in turn,

will have a negative influence on road safety.
Including road safety as an integral element
in the various deliberations from the early
stages of the decision-making process will
save substantial amounts of money and effort
afterwards.

Irrespective of whether the approach is

preventive or curative, road safety policy

is based on different strategies, which are

characterised by the following unique

working points:

 organisational measures, focused on
transport concepts;

¢ technical measures, focused on the physical
environment;

* legislation and enforcement, focused on
human interaction,;

¢ educational measures, focused on individual
human behaviour.

The four different aspects are shown together
in the pizza model above (see figure 3.3) [3.8].

3 Policy
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This model clarifies a number of issues.
Firstly, road safety policy demands a cohesive
approach to different aspects. Policies that
focus on only one or two of the four aspects
while excluding the others is less effective and
certainly less efficient. For example, introducing
measures designed to reduce speed while the
car and the roadscape invite the road user to
drive too fast has little effect and is inefficient.
The second issue is that of stratification:
measures need to be consistent within and
between the various tiers. For example, there
is little point in charging and fining a lorry
driver if his company pays the fine for him.

3.6.2 Safety management and safety
culture
Safety management
Safety management is a widely known term
in the process industry, where large-scale
disasters in the oil/gas and nuclear industries
have prompted companies to analyse risks
proactively, to develop the necessary manage-
ment measures and to learn from their mistakes.
The structural and demonstrable management
of safety risks is called safety management.

Government authorities, like industry, have
processes that they need to implement. For
road authorities, for example, this involves the
management, construction and maintenance of
roads that are made available for public use.
Unlike industry, most authorities are not yet
familiar with safety management. While not
compulsory for government authorities, it is
often imposed on companies and the aviation
industry. However, disasters such as the
firework factory explosion in Enschede (2000)
and the café fire in Volendam (2001) have
prompted authorities to stop and think, and
safety management is now seen as a key

instrument for government bodies to be
in control.

Safety management aims to prevent casualties
and political damage/damage to an organisa-
tion’s image. It focuses on the people and the
means that are applied to achieving safety in
the broadest sense of the word within the
organisation, as well as on the procedures and
supervision of all related aspects. Without
safety management, an organisation has no
structural overview of the risks, cannot
structurally manage those risks and cannot
structurally interfere in the event of emergencies,
let alone structurally prevent them from
occurring. In addition, a key aim of safety
management is to permanently improve the
organisation and production. An organisation
that learns from its mistakes and uses those
lessons to directly or indirectly improve its
primary processes will in time function better,
suffer less damage and be valued as a good
and attractive employer that invests in the
welfare of its staff.

A safety management system (VMS)

comprises the following elements:

* arisk inventory;

* asystem for reporting incidents (safely);

* an incident analysis; for instance using
PRISMA, SIRE, TRIPOD;

* asystem for managing improvement
measures and recommendations from
incident investigations and audits.



Chapter 1 deals extensively with (research into)
the causes of accidents and the processes that
precede accidents.

The chances of being involved in an accident
and/or the seriousness of the consequences of
an accident are not the same for all types of
risk. It is important, therefore, to introduce a
means of prioritisation. Formulating what is
known as a ‘risk matrix’ allows an objective
consideration for prioritisation. The criteria
required will differ per organisation and will
depend on the organisational objectives.

A road authority whose primary aim is the
permanent flow of traffic will not only give

a high priority to the prevention of serious
accidents but also to accidents that cause
long-term traffic jams such as those involving
overturned lorries. A lot can also be learned
from near-misses and incidents. The registra-
tion of serious accidents only provides a
limited picture of the actual scope of road
unsafety and is, therefore, only the tip of the
iceberg. This is why it is vitally important that
employees report even the slightest incident,
a precondition for which is a system by means
of which this can be done safely.

Quality assurance

Safety culture

An important condition for the success of a
safety management system is a sound safety
culture. A safety management system is not
possible in an organisation that does not
actually subscribe to the importance of safety,
where the desire to learn is minimal and where
the issue of responsibility is not discussed.

According to Reason [3.9], a safety culture is
characterised by a number of aspects:

Being informed: Managers and employees
know what is going on in
the organisation.
Employees are prepared to
report faults and incidents.
Trust is prevalent within
the organisation and there
is a low-blame culture.
The organisation has a high
tempo and a large measure
of routine in its operations,
but is flexible when
required.

The organisation is
prepared to learn.

Reporting:

Just/honest:

Flexible:

Learning:

Quality assurance in traffic management is experiencing a new development in that tendering
sometimes takes place on the basis of functional requirements (rather than on the basis of a plan

that indicates the product’s specification).

When introducing a new product, a suitable amount of attention should be paid to aspects of
road safety precisely because of these functional requirements. There is little point in referring to
statutory requirements because they are already mandatory. There is not yet a standard formulation
with regard to road safety, but a concrete contribution that is commensurate with the existing
ambitions and aims with regard to road safety would seem logical. An ambition or aim with
neutral effect is insufficient; in that case, separate additional measures for road safety should be

introduced upon completion.
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Figure 3.4. Different safety cultures employed by Shell [3.3]

Increasing
insight

Calculative

We have systems to

Generative

Safety is an integral part
of everything we do

manage all possible risks

Reactive
We take action after
every incident

Pathological
Why spend time on
safety?

Increasing
trust

Hudson [3.10] added a sixth aspect here:
Cautious:  The organisation always expects
the unexpected, is very vigilant.

Figure 3.4 shows the different safety cultures
employed by Shell.

3.7 Legislation and regulations

Legislation regarding road traffic is contained
in the Road traffic act (WVW 1994) [w3.3],

which is the basis for the regulatory framework.

This is elaborated in Governmental decrees
(AMVBs). Only those regulations that are
extremely detailed or require constant
adjustment are laid down in ministerial
regulations instead of Governmental decrees.

The Road traffic act includes five Governmen-

tal decrees:

* 1990 Road traffic and traffic signals
regulations; rules and indications regarding
the behaviour of road users;

* Administrative provisions (road traffic)

decree (BABW); regulations for making

decisions regarding traffic and the placement
of road signs;

Motor vehicle regulations: technical vehicle

regulations;

* Vehicle registration regulations: vehicle
registration;

* Driving licences regulations: driving
proficiency/driving licence.

The following ministerial regulations are

particularly important to road authorities:

 BABW implementing regulations with
regard to road signs;

e 1991 Traffic lights regulations;

* Disabled parking badge decree;

* School crossing patrol decree.



In addition to various legal sections and
Governmental decrees for many specific
cases, the Road traffic act also contains
generic legislation, which in turn contains
three basic principles: safety, fluency (or flow)
and trust. The principle of safety forms the
normative aspect of legislation and takes
precedence over the other principles. Section 5
of the 1994 Road traffic act states that road
users are not permitted to “...behave in such a
way that precipitates or could precipitate danger
on the road or that results in traffic being
hindered or potentially hindered.” The section
does not provide precise regulations concerning
behaviour in a concrete situation, indicating
instead that, irrespective of the situation, the
driver should always behave in a way that
does not or could not precipitate danger on the
road. Rights based on the principles of fluency
and trust also do not release road users from
their obligation to be alert to the faults of others
and where necessary to avert a potential
accident. The general character of ‘catch-all
section’ 5 of the WVW makes it more difficult
for the police to prove that someone has acted
in a dangerous manner than if the section had
stipulated a number of concrete acts that are
deemed to be dangerous. The principle of
fluency is important because the increase in
mobility demands increased regulations in
order to ensure that traffic keeps moving.

The principle of trust articulates, in a sense,
the social system on which traffic is based.
People have to be able to trust that other road
users will act according to the law.

Liability
In the Netherlands, road authorities are liable
unless they can prove otherwise. They can be
held liable for negligence. Potential liability is
important in relation to accidents and damages,
and relates in this sense to physical failings of
the road itself as well as, for example, insuffi-
cient safety measures during road works.

With regard to shortcomings on the road, the
liability of road authorities is stipulated in
Section 6:174 of the Netherlands Civil Code:
‘The owner of a structure that does not comply
with requirements that might be reasonably
expected of it in particular circumstances, and
that, therefore, constitutes a danger to person
and property, is, in the event that that danger
is realised, liable, unless there is no liability
on the basis of the previous section in the
event that they knew about the danger at the
moment at which it occurred.’

Section 6:162 of the Netherlands Civil Code
stipulates the liability of the road authority if
the road is in order, but is not, for example,
clean. Contrary to the previous section, the
burden of proof here rests with the victim and
not the road authority.

‘Anyone who is responsible for an attributable
unlawful act towards another is obligated to
compensate for the damages suffered by the
other party as a consequence. Unlawful acts
are considered to be infringements of a right
and an action or omission that is contradictory
to a statutory obligation or that which befits
an unwritten right in society, all of which is
subject to justification’.

Section 174 describes an extra (risk) liability
for owners of ‘structures’ in addition to
general liability due to unlawful actions.

As such, it is applicable to road authorities.
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Guidelines

For the design and equipment of a road, the
road authorities have various CROW guidelines
at their disposal [w3.2]. However, these guide-
lines have no legal status, which means that
road authorities can deviate from them, although
it is advisable to motivate deviations and, where
necessary, at the very least take measures to
guarantee safety.

3.8 Monitoring and evaluation of
policy
Policies and measures have to be evaluated
periodically and developments monitored.
These phases in the policy cycle of preparation,
decision-making, implementation, evaluation
and monitoring are essential in determining
whether the correct measures have been
effective and whether policy requires
adjustment.

It is also important to monitor developments.
Autonomous developments can cause gradual
changes that can harm road safety. One example
of a development that has increased road
unsafety is the introduction of the mobile
phone. On the other hand, new technologies in
vehicles have also often resulted in decreases
in serious injuries or have even prevented
accidents from occurring in the first place.

In order to follow national road safety
developments, various data sources can be
consulted and analysed. The Centre for
transport & navigation feeds every accident
registered by the police into a national accident
database. Other sources of data include Statistics
Netherlands (data concerning the causes of
non-natural deaths), the National medical
registration system and the Consumer safety

institute. The Ministry of Transport, Public
Works and Water Management and Statistics
Netherlands publish their figures on a yearly
basis. At regional and local level, the Dutch
registered accidents database (BRON) is
primarily used to record dangerous situations.
It should be noted, however, that registration
has declined sharply in recent years. The police
do not register every accident because they no
longer always visit the scene of the accident or
because they are limited to such tasks as securing
the scene or the distribution of claim forms.
The less severe the injuries are, the lower the
registration rate. This will also be discussed in
chapter 4. For a more comprehensive picture,
other sources are also available, such as local
police and municipal monitors and reports by
road workers and road inspectors.

Every tier of government will evaluate and
monitor road safety policy in its own way, for
which the policy impact statement is a useful
instrument.

3.9 Summary

This chapter discussed road safety policy in
the Netherlands. The National traffic and
transport strategy memorandum [3.1]
contains an outline of road safety policy up
to 2020. A more detailed version of this is
the Strategic road safety plan of, for and

by everyone [3.2], which was issued in 2008.
Road safety is also an issue at European level
with the European road safety action
programme [3.4], which aims to cut the
number of traffic fatalities by 50% by 2010.
The chapter also discussed the influence of
the EU on road safety in the Netherlands.



The policy cycle of preparation, decision-
making, implementation, evaluation and
monitoring was also discussed, as was the
organisation of responsibilities on national,
provincial/regional and local levels. The chapter
highlighted the strategies required to design
policies and looked at their evaluation and
monitoring. The relevant regulatory framework
was also mentioned. Legislation on road traffic
is contained in the Road traffic act (WVW,
1994). This is primarily elaborated on in
Governmental decrees (AmvBs). There are
also ministerial regulations.
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Learning objectives for students:

* to know what information is neces-
sary to answer the research question;
to know where to find this informa-
tion and what any accompanying
problems might be;
to know the different ways of
gathering additional information;
to be up to date on key analytical
techniques;
to be capable of assessing research
proposals;
to be capable of interpreting research
findings;
to understand the key terms of road
safety research.

The chapter contains the glossary.
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4 Data collection and data analysis

4.1 Introduction

This chapter contains a glossary and aims to
help to understand assignments relating to
road safety research and read and assess the
results. This chapter also provides support in
formulating the correct research questions,
reading scientific reports and assessing the
quality of research carried out on behalf of a
third party. Because an understanding of the
terminology used is so important, this chapter
reviews all the basic terms.

When assessing the quality of research, it is
also important to know what type of research
is suited to what research question, what the
advantages and disadvantages are of different
types of research and what the pitfalls are
when conducting road safety research. This
chapter deals with the various types of research,
from simple descriptions of a single character-
istic of road safety, such as the number of acci-
dents in a certain region, to experimental
research that evaluates the impact of a measure
that has been implemented. This chapter also
discusses what data is required, the manner in
which data can be collected, the way in which
data can be analysed, and the conclusions that
can be drawn from the results. Key terminology
will also be explained.

4.2 Traffic and safety data

4.2.1 Required data

Irrespective of the type of research to be con-

ducted, information is necessary to describe

the situation. In terms of road safety, this
information usually comprises three principal
data groups:

e number of accidents or casualties;

* exposure data or, in other words, the level of
exposure to traffic (for example distance
travelled in kilometres);

* risk data (for example accidents per billion
vehicle kilometres).

These three data types can be used to describe
all kinds of situations, from the general road
safety situation in the Netherlands to that of an
intersection in a random municipality. In order
to explain or understand road safety in any
given location, more information is required,
including:

* the way in which the traffic situation is
organised (road design, road environment);

» which road users use this traffic situation
(age, gender, experience);

 which vehicles are used (type and accesso-
ries);

* how the road users behave (speed, behaviour
in terms of overtaking, behaviour in terms
of right-of-way, use of crash helmets, et
cetera).

Developments over time can be explained by
data for different moments in time. This is
called a time series.



4.2.2 Available data

A great deal of information is available at
national level regarding these aspects of road
safety. The following sections will deal with
the different data sources and their quality and
representativeness. Despite international

data sources as IR-TAD, CARE and SARTRE,
these sections will be limited to Dutch data.

More information concerning these and other
data sources can be found in the knowledge
base section of the SWOV website [w4.1].

Accident and casualty data

By far the most important source of data con-
cerning accidents on the Dutch road network
is the Dutch registered accidents database
(BRON), which was created by the Ministry
of Transport, Public Works and Water Man-
agement on the basis of registration forms
supplied by the police. These registration
forms provide concise information about the
key characteristics of the accident and the road
users involved (see table 4.1).

According to the international definition [4.21],
a traffic accident is an ‘incident on a public
road that is related to traffic and results in
damage to objects and/or injury to persons and
which involves at least one moving vehicle’.
In theory, accident data should contain every
accident that occurs on the public road net-
work, but in reality, the level of registration
would appear to be dependent on the severity
of the accident (the more serious the accident,
the better the level of registration) and the modes
of transport involved. Someone who breaks a
leg falling off his bicycle satisfies this definition.
In practice it is often seen as a ‘minor accident
in which someone has fallen’ rather than a
‘traffic accident’. This is why one vehicle

Table 4.1. Characteristics that are
registered on a police registration form

Time of accident

Location (municipality, street, buildings)
Speed limit

Road authority

Nature of the location

Temporary circumstances

0 N O b WN =

Light conditions (daylight, twilight,

darkness)

9 Road lighting (none, on, off)

10 Weather conditions (dry, rain, snow, et
cetera)

11 Road surface (dry, wet/damp, snow/ice)

12 Pavement (bricks, concrete, asphalt,
porous asphalt, et cetera)

13 Nature of the accident (side impact,
rear-end collision, single-vehicle
accident, et cetera)

14 Details of those involved (vehicle, driving
licence, gender, date of birth, alcohol use)

15 Insurance details of those involved

16 Description of material damage

17 Details of casualties (injury, passenger
or driver, date of birth, gender, hospital)

18 Brief description of the accident and

a sketch of the scene

accidents involving only one bicycle often go
unregistered in the accident data.

The incomplete nature of registration is

largely due to the fact that:

* the police are not always informed and,
therefore, not always aware that an accident
took place.

¢ the police do not always register and inform
the ministry about reported accidents.
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Table 4.2. Level of registration per road user and seriousness of injury

Road user . Level of registration

Death

: Hospitalisation :

Emergency assistance : Other injuries

(CBS, 2000) : (LMR, 2000) - (LIS, 2000) (OBIN, 1997/98)
Car/lorry/ motorcycle 95% : 84% 25% 38%
Moped : 96 % 67% 14% : 26%
Bicycle 88% 33% 4% 13%
Pedestrian 94% 55% 21% :
Total 93% 60% 13% 24%

Accidents are registered more frequently

(see table 4.2):

* The more serious they are.

 If amotorised vehicle is involved. The aver-
age level of registration for hospitalisations
1s 60%, while for casualties in/on motorised
vehicles (car, lorry, motorcycle) and mopeds
it is more than 80%. The level of registration
for accidents involving cyclists and pedes-
trians is well below 60%, but registration
of accidents involving a collision between a
cyclist or pedestrian and a motorised vehicle
is more complete than registration of accidents
where no motorised vehicles are involved.

The actual volume and level of registration are
determined by comparing the Traffic Accident
Registration to other sources such as CBS
statistics relating to the causes of death,

the National Medical Registration (LMR),

the Safety Institute’s Injury Surveillance System
(LIS) and the results of the Injuries and Physical
Activities in the Netherlands (OBiN) study.

Traffic accident data can be consulted in

various ways:

* the Ministry of Transport, Public Works and
Water Management’s data portal [w4.2]

offers different products that provide an initial
impression of road safety in a particular
region, including ‘blackspots on the map’
(BLIK), a geographical tool to look at loca-
tions where there has been a proliferation of
accidents (see also chapter 5).

* the ‘online table elaboration’ (AUTO)
application provides insight into regional or
municipal developments in the number of
traffic casualties by allowing the selection
of an accident or casualty characteristic of
which the development is to be studied
(for instance the age of the casualty or the
weather conditions at the time of the accident).

* onthe SWOV website, any kind of table
containing accident and casualty data can
be created with the help of Cognos; different
characteristics can be combined in one table.

Extra information concerning the cause of
traffic accidents can be found in the official
reports (PVs) drawn up by the police. The PVs
for serious accidents often contain a report
from the regional office of the police’s Traffic
accident analysis unit (VOA). In some regions,
this office is called the Forensic technical
research unit (FTO) or the Technical accidents
unit (TOD). These reports contain a substantial



amount of information concerning the vehicles
involved and the location of the accident. PVs
of traffic accidents can be requested via the PV
Foundation in Zoetermeer or directly from the
regional police. The advantage of PVs is that
they contain more information per accident
than BRON. However, like BRON, PVs are
not available for all accidents and their content
often has a legal tone. Police registration is
primarily intended for the legal handling of the
accident, which is why the police are especially
interested in who violated the Road traffic

act and is, therefore, responsible for paying
the damages incurred.

Exposure data

Exposure to traffic can be expressed in different
ways using statistics, based on either road users,
vehicles, or means necessary for a vehicle to
drive. The outcome varies and not every statistic
gives an equally accurate image of the exposure.
In practice the choice of type of exposure data is
often determined by the availability of statistics
for the area, the roads or the type of road user to
be analysed. While the types of data below can

all be used as exposure statistics, the top four

provide the best indication of exposure to traffic:

e traveller kilometres: the total number of
kilometres travelled by individuals
(as passengers or drivers of a vehicle);

¢ vehicle kilometres: the total number of
kilometres travelled by vehicles;

* volume of traffic: the total number of vehicles
that pass a certain spot during a certain time;

e journeys: the total number of journeys made
by people;

¢ vehicle numbers: the total number of vehicles
in use;

e total number of residents in the region
concerned;

* fuel consumption (can be linked to vehicle
numbers).

The time that people spend in traffic will also
provide an accurate image of their exposure,
because it also takes into account the fact that
cyclists and pedestrians spend much more
time in traffic than motorists, even if they only
cover a distance of five kilometres. However,
the time that people actually spend in traffic is
rarely recorded, if at all.

4 Data collection and data analysis
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Traveller mobility and trips

Information concerning the distances covered
by travellers and the number of trips people
make is collected in the Ministry of Transport,
Public Works and Water Management’s
Mobility study (MON). Until 2004, this study,
conducted by Statistics Netherlands, was con-
ducted under the name National travel survey
(OVG@G). Both the OVG and MON are surveys
of the mobility of the Dutch population, which
is sent to a random number of households
every year and which asks the inhabitants of
that household to record every trip that they
make on a particular day.

For each trip, the following information must

be recorded:

* place of origin and destination, distance
travelled;

e time of departure and arrival, total time
necessary to make journey;

e modes of transport used;

* reason for trip (commuting, shopping,
family visit, et cetera).

Further background information is also

requested including age, gender, province,

vehicle ownership and driving licence.

The mobility of approximately 50,000 people
forms the basis for the data collection, which
is of key importance for road safety research
because it is used to calculate risks. However,
the OVG/MON do not fully describe mobility
on Dutch roads. The primary deficiency is the
lack of information concerning the mobility of
freight transport, foreign vehicles and Dutch
holiday traffic. In addition, the OVG/MON
contain no information about journeys divided
according to road category or the distinction
between journeys within or outside the built-
up area.

‘When using this data, it is good to note that the
annual figures are based solely on the journeys
made by these 50,000 people on a particular
day. This might seem a lot, but when looking
at a particular group of road users such as moped
drivers over the age of 75, for example, the
information concerns a very small number of
journeys (28 in 2006). This renders the statistics
vulnerable to peaks. A moped driver who, on
the day they have to fill in the MON survey,
makes an unusually long journey, for example,
will strongly influence the average. It is import-
ant, therefore, to use wide margins around the
figure shown for those specific groups.

More information on the MON can be found
on the Ministry of Transport, Public Works
and Water Management’s MON website and
in the SWOV’s knowledge base. Data files
with the total number of kilometres travelled
and journeys made can be downloaded via the
MON website and consulted on the Statistics
Netherlands website and in the SWOV’s
knowledge base.

Vehicle mobility

Until 2000, data concerning the distances
covered by vehicles were based on different
sources such as road counts and the car panel.
Since then, however, similar figures have not
been published, but Statistics Netherlands

is expected to start publishing information
concerning vehicle mobility again in the

near future. This will be accompanied by a
breakdown according to vehicle type.



Traffic volumes

Approximately 700 permanent counting points
measure the number of vehicles that use state
and provincial roads outside the built-up area
(traffic volume). Every month, the traffic volume
percentage compared with reference year 2000
is recorded for each road category. These figures
can be consulted on the Statistics Netherlands
website. In addition, 24-hour averages can also
be consulted on the Ministry of Transport,
Public Works and Water Management’s data
portal [w4.2].

Fleet numbers

There are (at least) two sources concerning
vehicle ownership in the Netherlands. Statistics
Netherlands bases the number of motorised
vehicles in the Netherlands on vehicle regis-
tration by the Government road transport
agency (RDW). Ownership of bicycles,
mopeds and light mopeds can be determined
on the basis of the above-mentioned MON
survey. Both sets of statistics can be consulted
on the Statistics Netherlands website [w4.3]
and in the SWOV’s knowledge base [w4.1].
In comparison with the above-mentioned
exposure data (travellers kilometres, vehicle
kilometres and traffic volumes), vehicle numbers
have the disadvantage that they do not describe
actual exposure but rather potential exposure.
The only thing that is shown is the number of
vehicles that could have participated in the
traffic rather than the actual number that did
and the degree to which.

Resident numbers

The use of resident numbers as a measure of
exposure has the same disadvantage as using
vehicle numbers since they only provide an
indication of potential exposure. While reveal-
ing the potential number of road users, they do

not show the actual number of people who used
the roads and the extent to which they did so.
However, developments in resident numbers
and composition of the population can be used
to estimate future exposure. The main source
of information for resident numbers by age,
gender and region is Statistics Netherlands
[w4.3], which also publishes prognoses
regarding future developments in population
size and composition.

Risk data

Risk data can be calculated by combining

the data from the previous two sections.

Frequently used risk data includes:

* the number of casualties per billion vehicle
kilometres travelled;

* the number of casualties per billion passenger
kilometres travelled;

e the number of casualties per 100,000
residents;

* accident involvement per billion passenger
kilometres travelled;

¢ the number of accidents per kilometre of road.

Risk data variants can be obtained by filtering
according to the degree of injury (for example
fatalities) and/or a particular type of road user.
A comparison of risk data for different road
user groups (according to age or mode of
transport) shows which road users have an
increased chance of being involved in a traffic
accident (see chapter 12 for a discussion on the
different risk groups). Different tables contain-
ing risk data can be consulted in the SWOV’s
knowledge base. When groups of road users
are combined, it is important to aggregate
instead of adding up, otherwise the risk data is
accumulated rather than being recalculated.
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Road and road environment characteristics
At national level, information collected on the
road and the area around the locations where
accidents occur is not very detailed. The only
accessible source for this information is BRON.
The PVs that the police draw up sometimes
contain extra information concerning the road
layout, but this source is neither well-structured
nor openly accessible. Reference data concern-
ing roads and characteristics of road environ-
ments — data that indicates how roads and the
road environment are generally laid out in the
Netherlands or in a specific region — is barely
available, if at all. The information that is
gathered, is done so by (or at the request of)
the road authority. With regard to the state
roads, this has led to the WEGGEG file, which
comprises data at road section level on max-
imum speed limits, overtaking bans, types of
road surface, number of lanes, lighting and the
layout of roadside verges. This file can be
requested from the directorate-general for
Public Works and Water Management’s data
ICT department. In addition, work is currently
under way on a national file containing the
road characteristics of every type of road.

This project is known as “Wegkenmerken+’
(Road characteristics+).

Both files can be linked to the National road
file (NWB). This geographic file contains the
roads of every road authority on the condition
that they contain a street name or number. This
means that footpaths, cycle paths and unpaved
roads are included in the NWB as long as they
have a name.

Road users

Information concerning road users can be
derived from the above-mentioned resident
numbers in terms of age and gender published
by Statistics Netherlands and from driving

licences. Statistics Netherlands derives its
information concerning the number of people
in possession of a driving licence sub-divided
into age, gender and type of licence from the
results of the MON.

Vehicle data

Information concerning the vehicles on Dutch
roads is available via Statistics Netherlands
and the Dutch association of the bicycle and
automotive industries (RAI). The latter’s web-
site [w4.4] also features publications with sub-
divisions of vehicle numbers according to
make and subtype.

Behavioural data

Road user behaviour is a key explanatory factor

in terms of traffic accidents. Different forms of

(risk) behaviour are distinguished (see also

chapter 11 on risk behaviour), including:

* speeding;

* no stopping at red lights (red light negation);

 parking where it is prohibited or stopping on
the carriageway;

e driving under the influence of alcohol and/
or drugs;

* failure to use lights on bicycles;

¢ failure to wear a crash helmet;

* failure to wear a seat belt.

These forms of behaviour are regularly meas-
ured at national and regional level. In most
cases, this involves research conducted on
behalf of the Ministry of Transport, Public
Works and Water Management. The director-
ate-general for Public Works and Water
Management, for example, studies the devel-
opments in the use of protective measures
such as car seat belts and child restraint seats,
adjusting the head restraints, driving under the
influence of alcohol and the use of bicycle



lights in darkness. The findings of this research
can be found in publications by the Centre for
transport and navigation [w4.5]. Longer time
series are kept in the SWOV’s knowledge
base. However, measurements over the
years were not always made by the same
body or in the same way, which impacts on
the comparability of the annual figures.

The Ministry of Transport, Public Works and
Water Management also continually measures
speed-related behaviour at a number of meas-
uring points on trunk roads and motorways in
the Netherlands. The data is summarised per
speed limit into an average driving speed, a
percentage of people who exceed the limit and
the V, for cars and articulated or unarticulated
vehicles (the V is the speed that is not
exceeded by 90% of the drivers). The results
of these speed measurements are not published.
This may change in the future within the
framework of the National data warehouse
(NDW).

Given that risk behaviour can lead to fines, the
annual figures from the Central fine collection
agency also provide an indication of the scope
and development of the number of traffic vio-
lations. The knowledge base on the SWOV
website also contains a table of the most
important traffic violations (speed, parking
where it is prohibited, stopping on the carriage-
way and driving through a red light). This table
is updated annually with the most recent figures.
When using these figures, it is important to
realise that an increase (or decrease) in the
number of fines issued is not necessarily the
result of an increase (or decrease) in the number
of traffic violations. The development in the
number of fines issued can also be the result of
policy-related measures such as regional

enforcement projects concerning helmets, seat
belts, red lights, alcohol and speeding, as well
as more intensive policing on motorways in
particular (section control). In addition, develop-
ments in mobility can, of course, also influence
the number of fines issued.

A final source of information concerning traffic
behaviour comes from the results of the Periodic
regional road safety survey (PROV), which

is a large-scale biennial survey of approximately
8,000 Dutch residents over 15 years of age.
The PROV survey asks about experiences in
traffic (accidents and fines), self-reported
behaviour (driving speeds, driving under the
influence, use of safety devices), motives for
adhering or disregarding road traffic regulations
and opinions regarding measures taken. In most
cases, the results are divided into the type of
vehicle (car, motorcycle, moped, light moped,
bicycle) and/or region (province or framework
area). If the PROV data is used for information
concerning traffic behaviour such as driving
speeds, it is important to take into account that
the reported behaviour can deviate considerably
from actual behaviour (see section 4.2.3).

The results of the PROV surveys can be found
in publications by the Centre for transport and
navigation [w4.5].
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4.2.3 Collecting extra data

Some information is only available at national
or provincial level. Information regarding the
situation in a specific city or region will need
to be specially collected for research purposes
using one of the following three methods:

e observation;

e interview;

* questionnaire.

Observation is most suitable for measuring
actual behaviour such as speed-related behav-
iour, alcohol use and seat belt and helmet use,
as well as for counting the number of vehicles
that pass a particular point (volume). CROW
publication 248 ‘Traffic survey handbook’
[4.9] includes an extensive description of how

such measurements and counts should be taken.

A unique form of behavioural observation is
described below: conflict observation. This
technique can be used to learn more about
dangerous situations without actually having
to wait for an accident to happen.

Interviews and questionnaires are useful
means of finding out the opinions of road
users regarding, for example, the safety of
traffic situations, the occurrence of traffic
accidents, and the motives behind adhering
to or disregarding traffic regulations such as
speed limits and the compulsory use of a seat
belt or crash helmet. Questionnaires can also
be used to gather behavioural data, which
often relates to reported behaviour. In this
case, it is important to be alert to distortions
of reality due to the unwillingness of
respondents (the people who answer the
questionnaire) to be truthful in answering
questions about their own behaviour. It
appears that respondents cannot effectively
estimate the distances they have travelled.

Distances travelled by car are overestimated
by an average of 8%, distances travelled by
bicycle by as much as 20%.

Data quality: reliability and validity

Being alert to the accuracy of the findings is
not only important in questionnaire-based
research, but in all forms of research and data
collection. Luckily, precautionary measures
can be taken when setting up a study. For
example, when collecting data it is important
that agreements are made concerning what is
being measured and how the correct value will
be determined. If a measurement is being
repeated for a particular object (e.g. the length
of aroad section), the same measurement
should preferably be found to have the same
value, also if the measurement is carried out
by another person. This makes it a reliable
measurement. Reliability can be increased by
using calibrated measuring equipment or — in
the case of definitions — by properly defining
in advance what the existing classes are. For
example, is a delivery vehicle defined as a
‘passenger car’ or a ‘commercial vehicle’?

If two people take the same measurement,

it is possible to check in retrospect whether
the definitions used were helpful. This can be
done by comparing the results of each assessor
(or observer) in what is known as interassessor
reliability. The aim is to achieve optimum
interassessor reliability and, therefore, identical
results. Intra-assessor reliability can be used if
an assessor is required to take measurements
over a longer period of time: is the assessor
consistent in his assessments? Intra-assessor
reliability can be measured by having the
assessor measure the same object at regular
intervals. The results of these measurements
should be the same, which would suggest

a high level of intra-assessor reliability.



It is also of critical importance that the meas-
urements actually measure what should be
measured. This is called the validity of the
measurement. For example, the actual length
of aroad section is measured in metres with a
measuring tape. However, if the researcher is
unaware of the fact that the lines on the meas-
uring tape are consistently 1.2 metres apart
rather than 1 metre, this means that while this
length of road section can be reliably measured
(because repetitive measurements will provide
the same result time and again), there is a sys-
tematic error being made because the length of
the measured road section is underestimated
with this instrument. Where the road section is
actually 500 metres long, this invalid instrument
measures it incorrectly at 416.7 metres. Prob-
lems with validity play a role in indirectly
observable variables such as intelligence, risk,
extraversion, etc. The validity of questionnaires
and interviews can play arole if suggestive
questions are posed or socially desirable
answer categories are used. Such measurements
do not reflect public opinion but what people
think the researcher wants to hear [4.1, 4.3, 4.9].

DOCTOR conflict observation technique

A unique form of observation is conflict obser-
vation. One such technique, which was devel-
oped in the Netherlands, is DOCTOR (Dutch
Objective Conflict Technique for Operation
and Research). This is a standardised observa-
tion technique with objective and defined
observation units that is conducted by trained
observers [4.15]. Over a certain period of time,
these trained observers observe a location (for
example an intersection) or an area and register
and assess the conflicts that take place there.
This technique defines a conflict as a critical
traffic situation in which two or more road users
approach each other in time and space to such

an extent that there is a risk of collision and
areal chance of physical injury or material
damage if their direction and speed remain
unchanged. Critical traffic situations are those
in which the space available to manoeuvre

(to avoid one another) is smaller than the space
that is necessary under normal circumstances.
The severity of the conflict is determined on
the basis of both the chance of a collision and
the scale of (physical and/or material) damage
if the collision were to take place.

The chance of a collision is determined by
means of the ‘time to collision’ (TTC) and/or
the ‘post encroachment time’ (PET). The TTC
is defined as the time required for two vehicles
on a collision course to collide if they continue
at their present speed and on the same path.
The lower the TTC, the higher the chance of a
collision. The TTC can only effectively predict
the chance of a collision if two road users are
on a collision course. If road users experience
anear-miss at high speed without changing
their speed or direction, this does not, technically
speaking, constitute a collision course despite
the chance of a collision being very real in
such situations. A minute alteration in speed
or direction could easily lead to a collision.

In such cases, the chance of a collision can be
determined by the PET, which is defined as the
time lapse between the end of encroachment
of the turning vehicle (t1) and the time that the
through vehicle actually arrives at the potential
point of impact (t2). The lower the PET (= t2-t1),
the higher the chance of a collision.

The severity of the consequences of a potential
collision depends of the potential collision
energy and the vulnerability of the road users
involved. Factors that influence these aspects
include mutual differences in speed, the avail-
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able and the necessary room to manoeuvre, the
angle of approach and the type of road users
(and their protection). The mass and the
manoeuvrability of the vehicles in particular
will determine the severity of the consequences.
Estimating this severity requires an indication
of the road users involved, an estimation of the
speed and the nature of the evasive action
(incl. braking, accelerating, swerving).

When indicating the type of road users
involved, it is also important to note who is
approaching who. A cyclist approaching
another road user has, given a particular speed
and distance, more chance of making an evasive
manoeuvre than a lorry.

In practice, DOCTOR can be used for a
preliminary study into a particular measure
and a post-study for its evaluation or for the
assessment of suspected road unsafety (for
example complaints by local residents) in
which case an analysis of the nature of the
road unsafety can also be carried out. In both
cases, conflict observation has the advantage
that large numbers of observations can be
made in a short space of time, which quickly
produces sufficient material for reliable
conclusions; which is quicker than waiting

for accidents to happen. In this sense, conflict
observation can be compared with incident
registration. It is also important to count

the number of non-critical encounters. This
produces an indication of the situation’s relative
road unsafety. The safety at intersections
should not be related solely to the volume of
traffic but also to the chance of an encounter,
which is determined by the distribution of traffic
over the branches. Since its development, the
DOCTOR method has been employed relatively
sparingly due to the fact that it is fairly labour
intensive. However, this method is still recom-

mended by a number of consultancies.
More information on the advantages and
disadvantages of DOCTOR can be found in
[4.10].

Interview or questionnaire

There are different reasons for choosing inter-
views or questionnaires instead of observation.
Firstly, it is sometimes impossible to observe
the aspect being researched, because it relates
to something personal such as motives, opinions,
values and norms, because it relates to behaviour
that is highly irregular or takes place in private,
or because the behaviour took place in the
past. Secondly, the use of questionnaires or
interviews is often more attractive because
data collection is easier to standardise and also
more efficient in terms of money, time and
manpower. After having decided in favour

of survey research — the collective name for
research based on questionnaires and inter-
views —a choice must be made between holding
interviews and using questionnaires. One
advantage of interviews is that they provide
more opportunities to explain unclear questions
or continue to ask questions in regard to unclear
answers. In addition, interviews offer more
possibilities to motivate the respondents to
answer the questions in as concentrated and
thoughtful a way as possible. Interviews also
provide a higher response rate than question-
naires, with the percentage of people who are
willing to participate being higher. By contrast,
however, the use of questionnaires is cheaper
(you can send more for the same amount of
money), they are anonymous, which will
mean that some people will respond more
truthfully to intimidating questions and the
answers will be less influenced by the inter-
viewer. Given that respondents have no oppor-
tunity to ask for an explanation about what is



intended when filling in a questionnaire, it is
important that the questions can be understood
by everyone [4.1,4.2,4.3,4.4].

Representativeness of the sample

Survey research often studies a section of

the population with the intention of drawing
conclusions about the entire population (or a
relevant subgroup). In order to do so, the
group being interviewed (the sample) must

be representative of the group for which the
conclusion is to be drawn (the population). One
such example is the Mobility Study Netherlands
(MON), which is conducted in order to get
information on the travelling habits of every
household in the Netherlands (the population).
In order to estimate these habits, a sample from
the population is asked to fill in a questionnaire
on which all members of the households keep
a written record of every journey they make on
a particular day.

It is crucial in such a study to use a sample that
is representative of the Dutch population. This
requires choosing a random sample of house-
holds. A random sample means that each person
in the Netherlands has an equal chance of being
asked to participate. In the MON, a random
sample is taken from the total number of private
and mixed addresses in the Netherlands
(addresses at which private individuals live and
where companies are established). It would also
have been possible to take the sample survey
from the Dutch telephone directory, but then
the selection would not be random because it
excludes people who do not have a telephone,
which can give a distorted picture of the mobility
of the Dutch population: it is possible that people
without a telephone travel more or indeed less
than those with one.

In order to check whether the MON sample

is representative, the collected data is used to
investigate whether the characteristics of the
respondents (such as age and gender) correspond
with those of the Dutch population as a whole.
This is almost never the case because some
groups are more inclined to participate in
research than others. This problem is known
as the problem of non-response, for which a
correction is made by weighing information
regarding travelling habits in such as way that
the distribution of variables in the sample cor-
responds with the distribution in the popula-
tion figures. In addition, the travelling data per
person per day is incrementally generalised
for the entire country and for the entire year
[4.1,4.3,4.12].
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4.3 Summarising and comparing data

Until now, the focus has been on data. How-
ever, individual data says little about road
safety in a certain area or about the safety of a
particular group of road users. It is, therefore,
necessary to summarise or analyse the data in
any one of a number of different ways.

The following section discusses a number of
terms that are frequently used when describing
research results.

4.3.1 Basic terminology

The first term that is often used is variable.
Every characteristic of casualties, accidents,
road users, vehicles and infrastructure can be
used as variables in research. Age, for example,
can be a variable, as can type of intersection.
If the researcher wants to know the age of a
specific road user, this relates to the value of
age as a variable of that road user (for instance 36
years old). In this case, the road user is the
object of the research. An intersection can also
be the object of research in which the different
aspects of the intersection are studied, for
example, and for which the type of intersections
such as the “T-junction’, ‘Y-junction’, ‘four-way
intersection’ and ‘roundabout’ is used as a
variable. Other variables that can be used to
describe intersections include volume of traffic,
the number of lanes and right-of-way rules.

Once the value of a variable has been deter-
mined, the calculations can be carried out.
However, variables are not the same and it is
not possible to perform the same calculations
for all variables. For example, there is an aver-
age 24-hour traffic volume, but there is no such
thing as an average mode of transport. This
has to do with the level at which the variable is
measured. There are four types of measurement
level or scale:

e nominal;

e ordinal;

e interval;

e ratio.

Variables that are measured at a nominal level
are also called categorical variables. Measure-
ments that relate to these variables consist
solely of the division of research objects into
different categories. One example of a cate-
gorical variable is the mode of transport with
one of the following values: lorry, car, motor-
cycle, moped, bicycle, et cetera. When the
data from the questionnaire are entered into a
database, each category of this variable is
given a number (for example lorry = 1, car =2,
motorcycle = 3), but these numbers do not
have any significance. For example, it is
impossible to say that a lorry (= 1) is smaller
than a motorcycle (= 3), or that the difference
between a motorcycle andacar (3—-2=1)is
the same as the difference between a car and
alorry (2— 1= 1). Nominal variables do not
allow for the calculation of mean values.

An ordinal measurement level is created if the
above-mentioned modes of transport are classi-
fied according to weight (0-100 kg, 100-500 kg,
500-1,500 kg; 1,500-5,000 kg; > 5,000 kg)
and each class is given a number (1 to 5).

The successive classes have a meaningful



order. It is then possible to say that vehicles
in class 1 are lighter than those in class 2 and
that vehicles in class 5 are heavier than those
in class 4. However, it is not true to say that
the weight difference between vehicles in
classes 1 and 2 is as big as those in classes 3
and 4. Ordinal measurements do not allow for
the calculation of mean values either.

If there is a variable that shows the weight

of a vehicle in kilograms, the total number

of potential values is much bigger. In terms
of these values, it is possible to say that the
weight difference between vehicles of 1,200
and 1,300 kg is just as big as the difference
between those weighing 1,500 and 1,600 kg.
These are measurements at interval level. It is
not only useful to say that X is bigger than Y,
but the intervals can now also be meaningfully
compared. Variables on this measurement
level can be used meaningfully to calculate
mean values.

The values of the variable ‘weight in kgs’ are,
in effect, values at ratio level, the condition
being that there is a natural zero point. Examples
of variables with a ratio measurement level
include length in centimetres and weight in
kilos. A typical interval variable is time. It is
possible to say that the difference between

2 o’clock and 4 o’clock is equal to the difference
between 8 o’clock and 10 o’clock, but not that
4 o’clock is twice as late as 2 o’clock. This is
different for weight: a vehicle that weighs
1,000 kg is ten times as heavy as one that
weighs 100 kg [4.19].

4.3.2 Description of individual data

(one variable at a time)
Researchers usually want to average the values
measured for a variable. The most commonly
used measure for this is the mean. The previous
section indicated that it is not possible to
calculate a mean for every type of variable.
Other summarisers or central tendencies are
the mode and the median.

The values of nominal variables can only be
averaged using the mode, which is the most
prevalent value or category, in other words,
the value with the highest frequency. Assume
that ‘vehicle type’ is used as a variable. The
values for this variable can vary from 1 to 5,
with each value designated to a particular
vehicle. Eight vehicles have been scored and
this results in the following series of numbers:
1,2,2,2,3,4,4,5. The mode is then equal to 2
(see table 4.3 for more examples). For ordinal
values, the median can be calculated by placing
every value in a scale from low to high and
then determining the middle value. If the total
number of numbers is even — such as the series
above — there is no middle value. In such
cases, the median is the average of the middle
two numbers, in this case 2.5.
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Table 4.3. Overview of central tendencies per measurement level

- Mode Median : Mean
Nominal :
(vehicle type: 1=bicycle, 2=moped, 3=car) : . not not
1,1,1,2,2,3,3,3,3,3 : 3  meaningful : meaningful
Ordinal :
(annual kms: 1=<10,000, 2=10,000 — 14,999, : : not
3=15,000-19,999) 1,1,1,2,2,23,3,3,3 3 2 : meaningful
Interval
(total number of fines) : : :
1,1,1,1,1,2,2,2,3,3 1 15 1.7

For interval and ratio variables, the mode,
median and mean value can all be calculated.
There are two types of mean: the arithmetic
mean and the weighted mean. The arithmetic
mean is the most well-known of the two, being
calculated by adding up all the values meas-
ured and dividing this by the number of values
measured. The mean age of a group of six
learner drivers, for example, is (18 + 18 + 18 +
18+ 19+ 20) : 6= 18.5. This is mostly indicated
with M or p.

The weighted mean is calculated when data
from two samples of uneven size are added
together. Assume that there is a second group
of four learner drivers with an average age of
19.5 years old. The weighted mean age of
these two groups isnot (18.5 + 19.5): 2 =19.
This is because the first group is larger, which
means that the mean of this group must weigh
heavier. This is done by multiplying the mean
with the group size for each group: 18.5 x 6 =
111 and 19.5 x4 = 78. The sum of these two
totals is then divided by the sum of the total
group for the two samples together: (111 + 78) :
(6+4)=189:10=18.9.

It is also possible to work out the distribution
of values for variables at interval or ratio level:
do they have roughly the same value or are
there significant differences? This is mostly
calculated using the standard deviation, which

is usually indicated with s, sd or 6. The greater
the standard deviation, the greater the mutual
differences and the less the values equate to
the mean. In other words: the smaller the
standard deviation, the more homogeneous the
values measured. Another quantity that is used
to determine the distribution is the variance,
which is the square of the standard deviation.

The standard deviation and the arithmetic mean
can help to determine when an individual
value should be considered as extreme. In the
social sciences, a normal distribution of values
for the variable is often assumed. In a normal
distribution, more than 68 % of the values
measured lie between the averages, plus or
minus a standard deviation. Furthermore, in a
normal distribution, 95% of the values meas-
ured lie within approximately twice the standard
deviation of the mean. To be precise: 95% of
the values lie within u + 1.966. Figure 4.1 shows
anumber of examples of normal distributions.
The differences between these distributions is
determined by the mean (i) and the standard
deviation (G).

In order to determine whether a distribution is
normal, the central tendencies can be compared.
In a completely normal distribution, the arith-
metic mean, the mode and the median of a
series of numbers all have the same value. But
if these central tendencies differ, distribution



is not normal but asymmetrical, showing a
skewness and/or peakedness (kurtosis), as it
is called. An example of such an unbalanced
distribution is a distribution that is skewed to
the right. In that case, the mode is smaller than
the median, and both are smaller than the
arithmetic mean. Rather than the top of the
curve being in the middle, it is off to the left.
At the same time, there is a larger tail on the
right-hand side of the curve. Distributions that
skew to the left are characterised by a mode
that is larger than the median, both of which
are larger than the arithmetic mean. In such
cases, the top of the curve is off to the right
and the tail on the left-hand side of the curve
is disproportionately large (or long).

The qualities of a normal distribution can be
used to determine whether a certain value
should be considered extreme. A value that

deviates from the mean by more than 1.96 x
the standard deviation is extreme. Such values
occur in only 5% of all observations. For
example, a group of motorists have taken their
driving tests and the average score is 110 and
the standard deviation 20. Than 95% of the
scores lie between 110 —1.96 x 20 = 70.8 en
110+ 1.96 x 20 = 149.2. Scores outside this
range are relatively rare. Only 2.5% of the
motorists will achieve a score lower than 70.8
and similarly only 2.5% of motorists will
achieve a score higher than 149.2. It is, there-
fore, unlikely that a new score of 60 will come
from the same group. Such a score could be
said to deviate significantly.

Figure 4.1. Several examples of normal distributions
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Extreme situations in a normal distribution are
also considered extreme in other statistical
phenomena such as the assessment of the dif-
ferences between two groups (learner drivers or
provinces). Is it likely, based on their perform-
ances (in driving tests or in terms of accident
risk), that they are equal, or does one group
perform better than the other, which results in
differences? In statistical terms a difference is
significant if the chance that a similar difference
occurs by coincidence (while the groups are,
in fact, equal) is less than 5%. Although it is
not 100% certain that the groups differ, a 5%
margin of error will be accepted. It will be
concluded that in 5% of the cases the groups
differ while in reality this is not the case. If the
margin of error needs to be even smaller, a sig-
nificance level of 1% is maintained and the
marginal values lie at u + 2.58c. The signifi-
cance level, therefore, indicates the chance
that something is accepted as true while in
reality it is not.

If aresult is statistically significant, this does
not automatically mean that the result is also of
practical importance. Significance should not be
confused with importance. Whether a particular
result is significant largely depends on the size
of the sample. The larger the sample, the more
likely it is that the result will be significant. In
large-scale samples, differences that have little
meaning can be significant nonetheless. Should,
for example, value be attached to a 0.2% reduc-
tion in the percentage of people who wear their
seat belts if this is measured in a sample of
100,000 motorists? Significant simply means
that a result is not founded on coincidence.

The question is whether practical consequences
should always be attached to significant differ-
ences (for example set up a campaign focusing
on the importance of wearing a seat belt) [4.19].

4.3.3 Connections between variables
Relational research concerns a combination of
data from two or more variables, and studies
the connection between a dependent variable
and one or more independent variables. The
dependent variable is the event studied. In
general, it is a variable at interval measurement
level or higher: the number of accidents, the
number of casualties, the driving test score,
the percentage of people who drive under the
influence of alcohol. The independent vari-
ables are variables that could explain or influ-
ence the values for the independent variable.
These variables are often manipulated in experi-
mental research (see section 4.5) to study
whether, for example, the type of driving
instruction has an influence on performance
during the driving test. In this case, the driving
instruction is the independent variable and the
performance during the driving test is the
dependent variable.

Different analytical techniques can be used to
determine whether the connection between two
variables is positive or negative. A connection is
deemed positive if high values for one variable
correspond with high values for the other vari-
able. A negative connection is characterised by
high values for one variable and low values for
the other. It is also possible to test whether the
connection is more profound than could be
expected based on coincidence. The statistical
tests that are available for this differ in terms of
measurement level of the variables that are being
compared. The Chi-square test (X?) or Cramer’s
V is used to test the relationship between two
nominal variables, Spearman’s rho is used to
assess the connection between two ordinal vari-
ables, and Pearson’s correlation-coefficient is
used to test the connection between two vari-
ables at interval level or higher.



The correlation between a quantitatively
independent variable (interval or ratio) and
adependent variable can be studied with the
help of regression analysis. This technique
is used to predict the values of the dependent
variable on the basis of the values of one or
more independent variables (see section
4.4.1). The influence of a qualitatively inde-
pendent variable (nominal or ordinal) on a
dependent variable can be determined on
the basis of t-tests or variance analysis

(see section 4.4.2).

The problem with relational research is that,
in contrast to purely experimental research
(see section 4.5), it can never be established
with complete certainty whether the correlation
between the dependent and the independent
variable cannot actually be explained by a third
variable that is not included in the research.
This is called the ‘third variable problem’.

If, for example, the number of firemen who
tend to a fire and the scale of the damage that
the fire causes are measured, these two variables
are positively correlated. The more firemen,
the greater the damage. It may be clear that it
would be absurd to conclude that an increase
in the number of firemen is the cause of an
increase in the scope of the damage. The real
explanation for this correlation is the following
(unmeasured) third variable: the scale of the
fire [4.1,4.12].

4.4 Common analysis techniques

Different techniques are available for the
analysis of road safety data. The following
sections discuss the techniques most com-
monly used in scientific articles and reports.

4.4.1 Regression analysis

Classic linear regression is a technique that

is used to work out how accurately the scores
for a variable (the dependent variable) can

be predicted from the scores for one or more
other variables (the independent variables).
This requires more than just the connection
between the variables. A regression weight

is calculated for every independent variable,
which indicates whether the connection with
the dependent variable is positive or negative.
For every regression weight, additional
assessments can be made as to whether the
relationship with the dependent variable is
significant or not. The basic principle of this
technique is that the correlation between the
dependent and the independent variables is
linear. This means that the measuring points
in a diagram lie along a straight line (with the
exception of measuring errors). The further
assumption is made that the measuring errors
(residues) of the model are independent of one
another and normally distributed with similar
standard deviations. A residue is also called an
error of estimation or a prediction error and is
the difference between the estimated value
and the observed value [4.12].
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Classic linear regression has many variations
and extensions. Multi-level models [4.16], for
example, take into account the fact that obser-
vations display a hierarchical structure. In
research into the performance of school children,
for example, children are ‘nested’ within school
classes, school classes are ‘nested’ within
schools, et cetera. While the data is analysed
collectively, the differences between school
classes and schools are also taken into account.
Inresearch into the voting behaviour in house-
holds, the household members constitute one
level and the household itself a second level. If
linear regression fails to take such structures
into consideration, this can lead to incorrect
conclusions concerning the correlation
between dependent and independent variables.

4.4.2 Variance and co-variance analysis
Variance and co-variance analysis are the
appropriate techniques for analysing data

that is collected in an experimental setting

(see section 4.5). A variance analysis is

also known as an ANOVA, the acronym for
ANanalysis Of VAriance. Variance analysis

is a technique that is used to simultaneously
compare a number of group means. The analysis
studies whether the variance between groups
is greater than might be expected on the basis
of the variance within the groups. If this is the
case, the groups differ from one another, which
is tested using the F-test. In some cases, a non-
random distribution of people over the groups
being studied might be suspected. A comparison
of the number of accidents in two groups of
intersections, for example, may indicate that a
difference in traffic volume has influenced the
outcome of the analysis. In this case, a co-vari-
ance analysis may be opted for, which is adjusted
to incorporate the effect of the interfering traffic
volume variable included as a co-variant. The

values for the dependent accident variable are
then cleared from the influence of the traffic
volume variable. Interfering variables are also
known as confounding variables. For more
information on this technique, see [4.13].

4.4.3 Principal component analysis and
factor analysis
Principal component analysis and factor analysis
are techniques that are used to reduce a large
number of variables to only a few core variables.
They are, therefore, very well suited for the
reduction of large amounts of information.
These techniques are also used to reduce
questionnaires that have long lists of questions
to only a few subscales.
In a study into the road safety education [4.20],
school children were asked to answer a
questionnaire containing forty questions that
were all concerned with how the children
behaved in traffic. The principal component
analysis showed that the answers provided by
the children could be reduced to a new variable
that varies between unsafe (with a low score)
and safe (with a high score) traffic behaviour.
In these analyses, Cronbach’s alpha describes
the extent of internal consistency of the items
by using a number to indicate how well the
original variables are represented by the
newly construed variable. These analyses
were initially developed for the analysis of
variables with an interval measurement level.
Principal component techniques were later
generalised in the analysis for variables of
mixed measurement level, see [4.12].



4.4.4 Time series analysis

One of the key tasks in a road safety study is
to monitor, describe, explain and predict
developments in road safety. If this occurs in
a quantitative manner, analysis techniques are
required to implement these activities in a
responsible fashion. As the term ‘develop-
ment’ already implies, the analysis concerns

a very special type of data, which always com-
prises repetitive measurements over time of a
particular aspect of the traffic process, such as
the total number of traffic fatalities. This type
of information is also called a time series.

An important characteristic of the observations
in a time series is that, for the most part, they
are not independent of one another: after all,
the number of traffic fatalities observed last
year is often a pretty good indicator of the
fatality statistics for this year. Given that
standard techniques stem from independent
observations, the analysis of time series data
with standard techniques such as regression
analysis (see section 4.4.1) often results in
residues that are also mutually correlated,
even when statistical tests and reliability limits
are based on the crucial assumption that the
residues found are random, and, therefore,
independent of one another.
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The ARMA, ARIMA and DRAG models have
been specially developed for the analysis of
time series. Generally speaking, these models
take greater consideration of the dependencies
in the observations than the classic regression
models, linear or otherwise. A more recent
development in the analysis of time series are
structural time series models or state space
models. These models are very flexible: they
can easily handle missing observations and are
simple to expand into multivariant time series
analysis models. Another advantage of structural
time series models is that the results of these
models can be directly compared with the
results of linear regression models.

Time series analysis, therefore, can be used to

describe developments in road safety as well as:

* to evaluate the effects of measures and other
variables on developments in road safety;

¢ to study whether newly published figures
deviate from expectations based on the past;

* to forecast future developments in road safety.

COST 329 [4.7] compares several different
time series models in terms of their suitability
for analysing developments in road safety.
The SWOV factsheet on this subject is an
accessible introductory text on the time series
analysis. For introductory textbooks on these
techniques, see [4.5, 4.6].

4.4.5 Meta analysis

Meta analyses are used to summarise the
results of different studies into the effect of a
particular measure on road safety. Since each
individual study can result in varying estimations
of the effect, integrating the different effects
into a collective analysis may result in a better
estimate of the measure’s effect and the expected
variations. Examples of meta analyses in road
safety include [4.14] and [4.11] into the effects
of daytime running lights (MVO) and [4.20]
into the effects of the different forms of road
safety education.

4.5 Experimental road safety research

4.5.1 Research question
Like every other study, setting up an experi-
mental road safety study begins by formulat-
ing a research question. The nature of the
research question is important to decide on
which type of study is to be conducted in order
to answer the question. The following section
discusses how to go about road safety research
on the basis of the following research question:
Has the conversion of intersections into
roundabouts had a positive effect on road
safety?

This question concerns the evaluation of the
effect of a road safety measure. The first thing
that can be said about this research question is
that it is so vague and general that no significant
research could stem from it. Actually, this
research question itself raises two important
questions.



The firstis: “What is meant by road (un)safety?’
Is it the number of accidents that occur at
intersections and roundabouts (regardless of
the outcome)? Or is it the total number of
accidents with fatal consequences? Or the
total number of fatalities? And are these the
figures as registered by the police? Or by
insurance companies? Or hospitals? The
answers to these questions ensure that a
relatively abstract concept such as road
(un)safety is concretised such that it can also
be measured. In research, this transition is also
known as the operationalisation of variables.

The second question is: ‘Does this relate to every
type of intersection?’ Or is it only focused on
those within the built-up area or on four-way
intersections, etc.? The answers to these types of
question relate to the determination of the popu-
lation about which a conclusion is to be drawn
after the research has been completed. This is
also important in determining what sample of
intersections will be used in the research.

Itis agreed, for example, that ‘road unsafety’
will be measured as the total number of
fatalities and hospitalisations as registered
by the police over a particular period of time.
It has also been decided that the research
question should be limited to intersections

in the Netherlands outside the built-up area.

Now that it has been determined what is meant
by ‘road (un)safety’ and which population of
intersections will be studied, we can go
through the next steps of an experimental study.

4.5.2 Experimental study design

Firstly, arandom sample of, say, sixty
intersections is taken from the population of
intersections in the Netherlands outside the
built-up area. The word ‘random’ means that
every intersection in the population of inter-
sections has an equal chance of being part of
the sample. Only then will it be permitted to
generalise the findings for the sample of sixty
intersections after the research has been
completed to the population of intersections
outside the built-up area.

The next step is to divide the sixty intersections
in the sample into two equal groups of thirty
by means of random allocation. The thirty
intersections in one group will be converted
into roundabouts and belong to the experimental
group. The other thirty will not be converted
and belong to the control group.

The aim and importance of random allocation
to an experimental and a control group are that
every possible a priori difference between the
intersections in relation to their road safety
(for example the volume of traffic over a
24-hour period, lighting) is divided as evenly
as possible over the two groups.

This is followed by a measurement of the
number of fatalities and serious injuries at
each of the sixty intersections — over a well-
considered period of time — prior to the conver-
sion into roundabouts of the intersections in
the experimental group. This is called the
pretest. The thirty intersections in the
experimental group are then converted into
roundabouts, after which — again, over a well-
considered period of time — the number of
fatalities and seriously injured casualties is
measured for each of the sixty locations being
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Table 4.4. The ideal test design

. Pretest : Posttest

Experimental s1 : 17 8
group s2 22 2
530 24 0 12
Control group s31 8 17
s32 12 25
60 : 23 26

studied. Of these locations, thirty are now round-
abouts (the experimental group) and thirty are
still intersections (the control group). This sec-
ond measurement is called the posttest.

A ‘well-considered period of time’ means a
period long enough to measure sufficient num-
bers of casualties. In addition, the start and end
dates for the period in which the measurements
will be taken must, of course, be the same for
all locations.

After the experiment has been completed, the
data found can be presented in a table such as
table 4.4, in which the numbers 17, 22, et cetera,
are the numbers of fatalities and seriously
injured casualties that were observed during
the study. Together, they form the dependent
variable. The independent variables are

‘time’ (with two levels: pretest and posttest),
‘condition’ (with two levels: experimental and
control group), and the interaction between
‘time’ and ‘condition’. The letter s in the
symbols ‘s1’, ‘s2’, et cetera, in table 4.4 is
short for ‘subject’. Because the objects of
observation in experiments are often subjects,
English handbooks on research design tend to
use this abbreviation. Although the objects of
the observation in table 4.4 are not subjects but
intersections, this conventional notation system
is maintained nonetheless.

4.5.3 Analysis

The data in table 4.4 can be analysed using
variance analysis, the results of which are
presented in table 4.6. This table shows a
number of tests that can assess whether the
different data mean in table 4.4 differ signifi-
cantly from one another or not. The relevant
data mean are shown in table 4.5.

Tabel 4.5. Data mean in table 4.4

Pretest Posttest§ Mean

Experimental : 20.3 9.2 ‘148
group : : :
Control © 195 : 201 : 198
group :

199 ° 147 ‘173

The heading ‘SS’ above the second column

in table 4.6 is the abbreviation for Sum of
Squares, ‘df’ above the third column stands
for degrees of freedom, ‘MS’ above the fourth
column is short for Mean Squares, the value of
which is equal to that of ‘SS’ divided by ‘df’.
The fifth column of table 4.6 (with the heading
‘F’) shows the value of the F-test that is used to
determine whether the differences between the
mean significantly deviate from zero. The fig-
ures in square brackets indicate what values in
the ‘MS’ column are divided in order to arrive
at the value of the F-test. In determining, for
example, the effect of ‘time’ in table 4.6, the
following value is calculated: [1/3] = 826.9/23.1
=35.8. This manual is too limited to go into
the details of every calculation in an ANOVA
table, which is why we refer to the many hand-
books on variance analysis [4.13].



The first F-test with the value 35.8 in table 4.6
(for ‘time’) indicates that the mean number of
fatalities and serious injuries in the pretest

is significantly different from those of the
posttest, irrespective of whether this relates
to the intersections in the experimental group
or the control group. These means equate to

19.9 (pretest) and 14.7 (posttest), see table 4.5.

The significant difference between the two is
shown by the value of p in the final column of
table 4.6, which indicates the chance that the
zero hypothesis for equal means is unjustly
rejected. The p value for ‘time’ equals 0.000.
Given that this number is smaller that 0.01,
the chance that the zero hypothesis will be
unjustly rejected is less than 1%. We can,
therefore, conclude with great certainty that
the pretest and posttest means differ from
one another.

The same is true for the mean of the experi-
mental (14.8) and the control group (19.8),
irrespective of whether it concerned pretest
or posttest (see the means in table 4.5 and the
F-test with the value of 27.5 for ‘condition’

in table 4.6). These two means also differ
significantly at 1% level. The tests for ‘time’
and ‘condition’ are both significant, therefore.
These variables, however, are not important

in answering the research question, with the
interaction between ‘time’ and ‘condition’
being the only relevant aspect of the research
design.

Table 4.6 also indicates that the F-test for the
interaction between ‘condition’ and ‘time’
—with a value of 43.5 —is significant at 1% level.
This means that the change between pretest
and posttest in the number of fatalities and
serious injuries in the experimental group was
different to the control group. How different
they were can be most easily seen by presenting
the four means for this interaction (for instance
20.3,9.2,19.5 and 20.1, see table 4.5) in a
diagram such as figure 4.2.

Table 4.6. ANOVA table for the data in table 4.4

4 Data collection and data analysis

Source © 0SS 1 df ¢ MS F : P

1 time . 8269 : 1 : 8269

: [1/31=35.8 : 0.000
: 10034 : 1 :1003.4

2 condition x time [2/3] =43.5 0.000

3 error(1) 113392 ¢ 58 ©  23.1 :

4 condition © 7651 1 : 7651 : [4/5]=27.5 : 0.000
5 error(2) 16154 : 58 : 279 :

6 total © 5553.0 @ 119
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Figure 4.2. Means for the interaction between time and condition
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This diagram clearly shows that the pretest
means of the experimental and the control
groups are more or less the same. This is the
result of the random allocation of the sixty
intersections into two groups. It is also clear
in figure 4.2 that the control group means
remained more or less the same for pretest
and posttest, while those of the experimental
group were lower at posttest than pretest.

This indicates that the conversion of thirty
intersections into roundabouts is linked to a

reduction in the number of fatalities and serious
injuries. A pleasant side effect of this experi-
mental design is that it can also be concluded

that the measure (the conversion of intersec-
tions into roundabouts) was the cause of this

reduction. If the sixty intersections form a ran-

dom sample from the population of intersec-

tions outside the built-up area, then it is per-
mitted to generalise the conclusions drawn
from this study to incorporate every intersection
outside the built-up area. The final conclusion
of this study is, therefore, that the conversion
of intersections outside the built-up area into
roundabouts results in a reduction in fatalities
and serious injuries. The scale of the reduction
can also be determined, as can the expected
variation (lower and upper limits).



4.5.4 Alternative designs and consequences
for the conclusions

A number of alternative studies will now be
dealt with that can also be used to answer the
above-mentioned research question. We will
look at how they differ from the ideal design and
what the consequences are for the conclusions
that can be drawn from the research results.

Experiment without pretest

The first alternative study design is identical to
that dealt with in section 4.5.2, with the only
difference being that no pretest is carried out
(table 4.7). The only independent variable in
this study design is ‘condition’. The mean
number of fatalities and serious injuries in the
posttest was 9.2 for the experimental group
and 20.1 for the control group.

Table 4.7. No pretest

. Posttest

Experimental sl 8
group s2 2
s30 12

Control group ~ s31 : 17
s32 25

60 26

As is clear from table 4.8, the test for ‘condi-
tion’ is significant at 1% level (p <0.01),
which means that the zero hypothesis for equal
means in the experimental and the control
groups can be rejected.

Can it now be concluded that the measure has
led to a reduction in the number of casualties?
The answer is yes, but only if the sixty inter-
sections were randomly allocated to the
experimental and control groups. If this was
not the case, an alternative explanation for

the impact that the measure was found to have
had is that the experimental group and the
control group differ in other aspects that also
relate to the dependent variable. If, for example,
the traffic volume over a 24-hour period at the
intersections in the control group is coincident-
ally much higher than on the roundabouts in
the experimental group, these differences form
apotential alternative explanation for the effect
found. In the analysis, such a characteristic
can be statistically adjusted with the help of a
co-variance analysis if this characteristic was
also measured.

Table 4.8. ANOVA table for the data in table 4.7

Source SS df MS F P
1 condition 17604 : 1 :1760.4 : [1/2]=76.4 : 0.000
2 error :

3 total © 30976 : 59

113372 0 58 234
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Experiment without control group

Another alternative study design is shown in
table 4.9, and features pretest and posttest but
no control group.

The only independent variable now, therefore,
is ‘time’. The average number of casualties
during the pretest was 20.3 and in the posttest
9.2. The result of the variance analysis of this
data is shown in table 4.10. The test for ‘time’
is significant at 1% level (p <0.01), which
means it can be concluded that the conversion
of the thirty intersections into roundabouts is
linked to the reduction in the number of traffic
casualties.

The question now is whether it can be concluded
that the measure brought about a reduction in
the number of traffic casualties? The answer is

Table 4.9. No control group

Pretest Posttest

Experimental s1 017 8
group 20022 2
30 24 12

no, because the reduction could just as easily
have been caused by other measures such as:

1 a generally declining trend;

2 regression to the mean;

3 changes in registration;

4 external circumstances other than the measure.

A combination of these four alternative
explanations is also possible. This is briefly
explained below.

The first relates to the fact that the number

of fatalities and serious traffic injuries in the
Netherlands has been gradually declining since
the 1970s. This could constitute a (partial)
explanation for the differences between the
pretest and posttest in the first alternative
explanation above. The second explanation

is relevant if the thirty intersections studied in
the pretest phase show an above-average
number of casualties. In this case, the number
of casualties in the second measurement could
have shifted towards the mean on the basis of
coincidence alone, which in itself results in an
apparent reduction in the number of casualties.
This phenomenon is called statistical regression
to the mean. In the third explanation, the number
of casualties could only have apparently
decreased if the police are less accurate in
registering accidents in the posttest phase

Table 4.10. ANOVA table for the data in table 4.9

Source ©SsS  df ¢ MS F i P
1 time ©1826.0 © 1 : 1826.0 : [1/2]=94.6 : 0.000
2 error(1) 559.5 © 29 19.3 :

3 error(2) 687.8 : 29 :

4 total : 3073.3 : 59



than in the pretest phase. An example of the

fourth alternative explanation is that, between
pretest and posttest, the cost of petrol has risen
so sharply that people are travelling less by car.

This illustrates the extreme importance of
including a control group in the research
design and of the random allocation of the
intersections into two conditions. If there is
evidence of a generally declining trend, statis-
tical regression, a change in registration, other
external circumstances, or a combination of all
four, the intersections in the experimental
group and those in the control group will be
influenced by the factors in equal measure
between pretest and posttest. If the interaction
between ‘condition” and ‘time’ is significant in
this case, only one possible explanation remains
for the effect found: the measure itself.

Finally, it will be clear that a simple pre- and
post-study in which the change in the numbers
of casualties before and after the conversion of
just a single intersection into a roundabout is
studied would provide significant room for
criticism of the conclusion that the measure
taken has had an effect. If a reduction in the
number of casualties is found in such a study,
the alternative explanation for the effect of the
measure would be that the reduction is purely
coincidental [4.13].

No random allocation into control or
experimental groups

Itis sometimes impossible for practical or ethical
reasons to randomly allocate research objects
into experimental or control groups in road
safety studies. One example is the research
question of whether motorists who drive under
the influence of alcohol, drugs or medicines
(or a combination) have a greater risk of being

involved in an accident. It is clear that, in this
case, it is not possible to randomly allocate a
random sample of motorists into experimental
and control groups and to then allow the
motorists in the experimental group to drive
under the influence. In general, it is not possible
for ethical reasons to randomly allocate subjects
to circumstances that can result in physical
injury.

In such cases, what are known as quasi-
experimental research designs can be used
instead. Quasi means ‘resembles’ and quasi-
experimental research designs are, therefore,
designs that resemble real experimental
designs in a number of aspects. Given that
traffic accidents occur relatively infrequently,
the above research question can be answered
using a case-control study, in which two groups
are specified: the cases and the controls. The
cases are traffic casualties that have required
hospital treatment as the result of an accident
and for whom a blood sample analysis is being
carried out to determine whether they used
psychoactive substances. In this sense, the
cases resemble the experimental group in a
real experimental design. The controls are a
random sample of road users who have not
been involved in a traffic accident, but who
resemble the cases in every other respect.

A study is also carried out on this group of
road users to see if they have driven under the
influence of psychoactive substances. As the
name suggests, the controls resemble the
control group in a real experimental design.
The biggest challenge for case-control studies
is to determine what controls resemble the
cases in every other respect as fully as possible.
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In a case-control study, the dependent variable
consists of only two categories, namely whether
the road user is a case or a control (which is to
say: involved in an accident or not). The inde-
pendent variable also has only two categories,
i.e. whether a road user is under the influence
of a particular substance or not. Given that the
dependent and independent variables are both
nominal, the Chi-square test (see section
4.3.3) can be used to study whether they are
connected. However, in contrast to the ideal
experimental design described above, no con-
crete cause-and-effect conclusions can be drawn
from case-control studies. For more information
on setting up case-control studies and the analy-
sis of data that stems from them, see [4.18].

4.6 Points of attention when
evaluating research

The evaluation of road safety research com-
prises a wide range of aspects, all of which
were discussed in the previous sections.
The following is a list of the key points of
attention:

1 Has the data been measured in a reliable
manner? In other words: if they were
measured again or by someone else,
will the outcome be the same?

2 Are the measurements valid? In other
words: did they measure what was supposed
to be measured?

3 Have the correct statistics and analysis
techniques been used, taking the measure-
ment level of the variables into account?

4 Have the correct statistical tests been used?
5 Has the data been checked to see whether they
conform to the hypotheses of the analysis

technique used?

6 Are there any possible alternative explanations
for the relationship between the dependent
and the independent variables? Is there
perhaps a third variable?

7 How representative is the sample used for
the population about which the conclusion
is to be drawn?

8 Is the research sufficiently well described
so that another researcher could conduct it
again purely on the basis of the report?

4.7 Summary

This chapter discussed data collection and data
analysis, knowledge of which is important
when commissioning road safety research and
for reading and evaluating the (quality of the)
results of such research.

The chapter first dealt with the data necessary
to conduct research into road safety, which
was divided into three main groups:
¢ the number of accidents or casualties;
* the exposure data or, in other words,

the level of exposure to traffic;
e the risk data.

Various national and international data sources
can be consulted. The Dutch registered acci-
dents database (BRON) is by far the most
important source of data concerning accidents
on the Dutch road network. This database is
based on police registration forms.

Sometimes the data required is not available, so
it has to be gathered by means of observation,
interviews or a questionnaire. A unique form
of observation is conflict observation, for which
the DOCTOR technique can be used. It is
important for all forms of research and data
collection that the data is reliable and valid.



Individual data does not say much about road
safety in a particular area or for a particular
group of road users, which is why this chapter
discussed the summation and comparison of
data. A term that is frequently used in this
respect is variable. Of the various techniques
that can be used to analyse road safety data, the
most common ones are: regression analysis,
variance and co-variance analysis, principal
component analysis and factor analysis, time
series analysis and meta-analysis.

This chapter also touched on experimental
research, looking into the choices that need to
be made when designing and conducting
experimental research and the consequences
of these choices. The chapter ended with the
key points of attention in the evaluation of
road safety research.
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Glossary

Most of the terms used in this chapter are
listed in alphabetical order below. A more
detailed explanation of some of these terms
can be found in [4.19].

Categorical variable

Variable with values that are measured at
nominal measurement level. The ‘value’ of a
class (1,2,3...) is nothing but a name for that
class.

Central tendency
A numerical summary of the values measured.
Examples are mean, median and mode.

Chi-square test

Test that is used to study the relationship
between variables at nominal measurement
levels.

Correlation
Relationship between two variables at interval
or ratio measurement level.

Dependent variable

The variable whose values the study endeavours
to explain and understand. Examples include
the number of accidents, the number of casu-
alties and the accident risk on a particular
road. This is a variable that is typically beyond
the influence of the researcher. Regression and
variance analysis attempt to explain the different
values of these variables based on the values
of one or more independent variables (see also
independent variables).

Distribution
Distribution relates to the extent to which the
values of a variable differ.

DOCTOR
Dutch Objective Conflict Technique for
Operation and Research (see section 4.2.3).

F-test

Variance analysis test that determines whether
the variance between groups is greater than
might be expected on the basis of the variance
within the groups.

Independent variable

This is a variable that might explain or influence
the values of the dependent variable (the variable
that is being studied). In the context of experi-
mental research, an independent variable
—unlike a dependent variable — is a variable
that can be manipulated by the researcher

(see also dependent variable).

Interassessor reliability

The reliability of different assessors. Are they
capable of finding the same values for an object
to be measured or evaluated with the same
measuring instrument or on the basis of the
same instructions? Interassessor reliability

is determined by having two people measure
anumber of objects. If the measurements
correspond for each object, interassessor
reliability is high.

Intra-assessor reliability

The reliability of the same assessor. Is this
assessor capable of finding the same values
for an object to be measured or evaluated with
the same measuring instrument or on the basis
of the same instructions at different times?
Intra-assessor reliability can be determined by
having the same person measure a number of
objects at different times. If the measurements
correspond for each object, intra-assessor
reliability is high.



Mean

The average value of a series of quantities.
This value is calculated by adding up all the
quantities and then dividing by the total number
of quantities. This is also called the arithmetic
mean. Calculating the average value of a series
of quantities is only meaningful for variables
at an interval or ratio measurement level. At
lower measurement levels, the median or
mode is used to summarise the series.

Median

The median is the middle value of a series of
numbers that is ordered from low to high.
Determining the median is only meaningful
for variables at an ordinal measurement level
or above.

Measurement level

The quality of numbers that are attributed to
characteristics, such as hair colour, age or
height. There are four different measurement
levels: nominal, ordinal, interval and ratio. At
the lowest level (nominal), the numbers offer
very little information, being nothing other
than a label that is attributed to a characteristic.
At the highest level (ratio), objects can be
compared and the mean value can be calculated.
It is possible to say, for example, that one car
is twice the length of another car. It is also
possible to calculate the mean length of a
group of vehicles (see section 4.3.1 for a
more detailed description of the different
measurement levels).

Mode

The mode is equal to the most common number
in a number series, and, therefore, the value
with the highest frequency. The mode is used
to calculate all types of variable regardless of
the measurement level.

Non-response

The percentage of people who refuse to
participate in research or who refuse to answer
particular questions on the questionnaire. A high
non-response level is a threat to the represent-
ativeness of the sample because certain groups
refuse more often than others, for example
people who have no time because of work,
people who travel a lot or people who are
simply not interested in the subject. This latter
situation creates the danger that only those
people interested in the study will respond.

Operationalisation

The transition in which a theoretical concept
or term (road safety or intelligence, for example)
is translated into something that can be measured
(the number of fatal traffic accidents a year or
the results of an intelligence test, for example).

PET (‘post encroachment time’)

Measure for the chance of collisions. The PET
is defined as the time lapse between the end of
encroachment of the turning vehicle (t1) and
the time that the through vehicle actually arrives
at the potential point of impact (t2). The lower
the PET (= t2-t1), the higher the chance of a
collision. See also TTC (time to collision).

Population

The total group of objects or persons about
which the study aims to reach a conclusion.
Examples include ‘all 30 km/h zones in the
province of Utrecht” and ‘all Dutch motorists’.

Posttest

The measurement of a dependent variable after
the intervention (a road safety measure, for
example), the effect of which is to be determined
in an experimental design.
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Pretest

The measurement of a dependent variable
before the intervention (a road safety measure,
for example), the effect of which is to be deter-
mined in an experimental design.

Random allocation

The experimental research procedure that
ensures that every object of research in the
sample has an equal chance of being included
in the control or the experimental group.
Random allocation prevents variables that
have not been measured in the study from
offering an alternative explanation for any
effect that the measure is found to have had.

Random sample
A sample whereby every member of the popu-
lation has an equal chance of being included.

Reliability
The reliability of a measuring instrument in
the sense that if the same object is measured
repeatedly (for example the length of a road
section), it will provide the same value.
Reliability can be determined by measuring the
same object several times. If all measurements
concur, the instrument is deemed reliable.

Representative

A sample is representative if the characteristics
of the objects or persons in the sample corres-
pond with the characteristics of the objects or
persons in the population about which a con-
clusion is to be drawn. A sample of Dutch
motorists, for example, is sufficiently representa-
tive if the age division within the sample is
equal to that of the entire population of Dutch
motorists, with the same applying to the per-
centage of men and women. It would be even
better if the annual kilometres travelled by
each motorist, the use of the road network and
the division throughout the provinces also cor-
responded.

Residue

A residue (also known as an error of estimation
or a prediction error) is the difference between
the value predicted by a model (for instance
linear regression) and the observed value of a
variable. The smaller the residue, the more the
model can predict the value of a variable.

Respondents
People who have completed their study
questionnaires.

Response

The percentage of people that returned a com-
pleted questionnaire or that are willing to take
part in an interview or study.



Standard deviation

Standard deviation is the most commonly used
measure for the distribution of variables at ratio
or interval level and indicates to what extent
the values of a variable differ from one another
(and, therefore, from their mean). The greater
the standard deviation, the greater the mutual
differences between the values of a variable
(and the greater the differences between the
values of the variable and their mean). Standard
deviation is equal to the root of the variance
and expresses the distribution in the original
measurement unit of the variable concerned
(see also distribution and variance).

Statistical regression to the mean

This refers to the phenomenon whereby
extremely high and extremely low values of a
variable during a second (later) measurement
have the tendency to shift in the direction of the
mean of that variable — therefore becoming less
extreme than during the first measurement —
due to the fact that a proportion of the values at
the first measurement was coincidentally high
or low.

Sample

The proportion of the population interviewed
or studied in order to learn more about the
population (see also population and random
sample).

Survey research
Collective name for research based on
questionnaires and/or interviews.

TTC (“time to collision’)

Measure for the chance of collisions. The TTC
is defined as the time required for two vehicles
on a collision course to collide if they continue
at their present speed and on the same path.
The lower the TTC, the higher the chance of a
collision. The TTC can only effectively predict
the chance of a collision if two road users are
on a collision course. If road users experience
anear-miss at high speed without changing
their speed or direction, this does not, technic-
ally speaking, constitute a collision course
despite the chance of a collision being very
real in such situations. A minute alteration in
speed or direction could easily lead to a collision.
In such cases, the chance of a collision can be
determined by the PET.

Validity
The extent to which a measuring instrument is
capable of measuring what is supposed to be
measured. In contrast to an unreliable measuring
instrument (which results in random measuring
errors), an invalid measuring instrument leads
to systematic measuring errors. In terms of
questionnaires and interviews, for example,
validity can be compromised if suggestive
questions are asked or socially desirable
answer categories are used. The validity of
questionnaires and interviews can play a role
if suggestive questions are posed or socially
desirable answer categories are used. Such
measurements do not reflect public opinion but
what people think the researcher wants to hear.
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Variable

A characteristic that can vary from person to
person or object to object. A variable that
relates to a person, for example, is age, and a
variable that relates to an object is, for example,
vehicle type (see also dependent and inde-
pendent variables).

Variance

Variance is a second commonly used measure
for distribution and also indicates to what
extent the values of a variable differ from one
another (and, therefore, from their mean).
Variance is equal to the square of the standard
deviation (see also distribution and standard
deviation).
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Learning objectives for students:

* to be able to list a number of pragmatic
methods that are used to gain insight
into road unsafety;

* to make a conscious choice for a
~ particular tool or combination of
tools based on the study question.
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5 Practical research

5.1 Introduction

This chapter deals with applied research into

road safety. Applied practical research focuses
on collecting specific information in a specific
location, and consequently provides more depth.

From problem to evaluated solution

Despite the improvements that have been
made to the way in which road safety has been
approached over the last decade, there is still a
tendency to employ an ad-hoc approach: one
or two accidents take place at an intersection,
reports follow in the press, questions are asked
in the municipal council and parties are tempted
to tackle that one problem at the cost of all
others. Specific solutions are also frequently
thought up before the problem has been
thoroughly looked into (We want speed humps!
We want traffic lights! We want more police
checks!). An alternative to this unco-ordinated
way of working is the more methodical
‘PCOSE’ approach.

Each of the successive phases in this approach
— Problem (exploration), Cause (determination),
Objective, Solution and Evaluation — leads to
solutions that can be used as input in the phase
that follows.

Problem analysis

Both this and the previous chapter contain
comprehensive explanations of how an
analysis of the problem at hand can be
reached. Analyses of road safety problems
involve listing the different data sources and
ordering, processing, and analysing the data
to be used.

Determining the cause

The following step is to see who and/or
what the cause of the observed and analysed
problem is.

Figure 5.1. PCOSE approach, a systematic approach to problem-solving

Problem

Causes

'

Objectives

'

Solutions

'

Evaluation




Choosing an objective

The objectives of the road safety measures to

be taken can be listed using the ‘SMART’

checklist, which means that an objective is:

¢ Specific. Not, therefore, ‘an improvement in
road safety’, but ‘fewer victims at intersection
Y’, or ‘a 5% increase in the use of helmets
by moped riders at regional level’.

e Measurable. The objective must indicate a
standard that can be used at a later stage to
measure whether the objective was achieved.
Zero measurements are often required in
order to have a reference against which the
results of the measures can be compared.

* Achievable and Action-oriented. Optimum
motivation can only be achieved if the
objectives are supported by all parties.

¢ Realistic. The objectives must be achievable
with acceptable effort.

e Time-bound. A deadline must be given for
realisation of the objective.

The primary purpose of objectives is to enable
people to agree on what is to be achieved, as
well as to check as they go along whether the
objective will be achieved or whether
adjustments are required.

Solution

The solution to a road safety problem will
almost always be a question of combining
measures. These could be infrastructural
(engineering), educational (education) and
enforcement-related and are often a combination
of the three. See the introduction concerning
the three Es in part 2 of this manual.

Evaluation

An evaluation can be a process, product or
effect evaluation. Effect evaluation relates

to the question of whether the intended

effect (for example lower speed, fewer victims,
fewer complaints from residents) has been
achieved. Process evaluation focuses on how
that effect was achieved. Key elements in this
respect are sticking to the schedule and
observing agreements made between those
involved.

The PCOSE approach is already several years
old, but it still offers a useful structure for
tackling problems and places a useful and
effective fence round the pitfalls of the ad-hoc
approach.

The PCOSE approach is by definition a
curative rather than a preventive approach,
and is therefore not the same as Sustainable
Safety, but the two are not necessarily in
conflict. Whatever the case may be, solutions
that result from a PCOSE approach should not
contradict the Sustainable Safety philosophy.

Both this chapter and chapter 4 primarily address
problem analysis and determining the causes
in the PCOSE series. Following chapters
discuss the solutions at various levels.
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Know what you are measuring

Road safety also adheres to the maxims to measure is to know and know what you are measuring.
The following question illustrates this: which two-wheeled vehicle is the least safe — the bicycle,
the moped or the motorcycle? Table 5.1 features a comparison of the three different groups of
two-wheeled vehicles for the criteria number, severity and mutual risk [5.1].

Table 5.1 Comparison of three different groups of two-wheeled vehicles

:Absolute magnitude : Mortality ‘Risk of victims
(relative severity) :

éDeath ‘Hosp* :EA** éDeath :Death :Death éDeath ‘Hosp* ‘EA**
: : : : : +Hosp* :/Hosp* : :

Bicycle ;high %high ghigh ;Iow dow low  low  low  ilow
Moped émediumémediumgmediumémediuméhigh émediuméhigh éhigh éhigh
Motorcycle glow glow glow ghigh ?high éhigh gmediumémedium?medium
* hospitalisation

o emergency assistance

It can be concluded that many more cyclists and moped riders are victims of accidents than
motorcyclists. However, it can also be concluded that the risks connected to cycling are far
lower than those connected to mopeds or motorbikes. Both conclusions are valid, but the
differences remain.

Another point is that while accident figures provide information about the safety of the road user,
they do not say anything about the influence this has on the safety of other road users. A cyclist very
rarely kills a pedestrian or a motorist in an accident, but the same cannot be said of the motorist
with regard to the other two. The conclusion that many pedestrians and cyclists are traffic victims
does not mean, of course, that cycling or walking less will result in an increased level of road safety.

Absolute values concerning road unsafety

The key advantage of absolute values concerning road unsafety is that they form a simple
criterion. If the absolute number of accidents is the basic principle, emphasis is automatically
on busier roads; after all, more accidents can be expected to occur there. One problem of
working with absolute figures is what is known as thinning: serious accidents are relatively
scarce and the number of accidents is so low that coincidence plays a substantial role. This
renders it difficult to make any statistically significant judgements: fluctuations in safety levels
are coincidental rather than resulting from policy or measures that have been implemented.
This means that for research into the road unsafety at a particular location on the basis of
serious accidents it is often necessary to consider the road unsafety over a number of years
before drawing any valid conclusions.



Road unsafety in terms of exposure

It isimportant to be very careful when calculating the risks and charting the road unsafety against
the volume of road users (exposure). The following risk in terms of personal risk per billion
kilometres travelled can be calculated for various modes of transport from the incremental
figures taken from accident statistics and Statistics Netherlands’ mobility figures for 1999-2001.

. Total number of . Traffic fatalities - Injuries requiring hos-
kilometres travelled per billion kilometres pitalisation per billion
. peryear . travelled . kilometres travelled

Pedestrian § 3.25 § 33.25 § 408

Cyclist : 13.00 : 15.08 : 536

Moped rider 1.25 77.60 2448

Motorist and other : 158.10 5 3.63 5 40

Apparently, the moped rider runs a significant risk and the car is by far the safest mode

of transport.

The cyclist and the pedestrian occupy a more neutral position. In this table, the number of victims
is charted against the total number of kilometres. Remember that more rapid modes of transport
travel relatively more kilometres in the same period than slower ones. It can therefore be concluded
that charting the road unsafety against the number of kilometres travelled is incorrect; after
all, a car goes markedly faster than a pedestrian or a cyclist. This is why the faster modes of
transport stand out as being relatively more favourable than the slower ones. If road unsafety is
calculated by time spent in traffic rather than number of kilometres, the same accident statistics
would generate the following table.

: Total number of hours : Traffic fatalities per  : Injuries requiring
. in traffic per person . million hours in traffic : hospitalisation per
. peryear : . million hours in traffic
Pedestrian 41.5 0.16 2.00
Cyclist : 69.8 : 0.18 : 6.25
Moped rider : 3.5 : 1.75 : 55.21
Motorist and other : 276.8 : 0.13 : 1.43

In this way, the moped rider still runs the greatest risk, but the motorist, pedestrian and cyclist
are now comparable in terms of fatalities. It is important, therefore, to always take a critical
look at the figures and criteria used.

Road unsafety in terms of road length and volume
It is also possible to chart road unsafety against road length. A measure often used is accident
density: the number of accidents per kilometre per year. This measure does not take into
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account traffic volume and the emphasis is on roads that are found frequently in the road
network in terms of length: roads of the lowest order.

One variation is working with core risk data that incorporate traffic volume as well as road
length for each individual road category. Here, the volumes of motorised traffic (passenger car
equivalent) are almost always chosen as the measure. As a result, volumes of other road users
such as cyclists on busy school routes are not taken into consideration. This can distort the core
risk data and render it useless for further comparison.

The combination of measuring methods

It is clear that the different measuring methods lead to different insights. It makes sense,

therefore, not to choose a single measuring method but rather a combination of complementary

methods. To define problem areas, the Dutch Institute for Road Safety Research (SWOV)

employs the following measures:

¢ the absolute magnitude of road unsafety such as the number of traffic fatalities and injuries
requiring hospitalisation per mode of transport and age category;

e the relative magnitude of road unsafety such as the total number of victims for every
kilometre travelled, for each mode of transport and for every age category;

¢ the vulnerability of different modes of transport in conflict situations;

¢ trends and developments regarding the above measures over time.

These are also the most prevalent measures used in practical research into road safety.

View of policy formulation

It is also important to know what you are measuring when determining how specific and
measurable policy should be. Is the aim to minimise the total number of victims? Or should all
road users be provided with a certain level of safety (or exposed to a maximum risk)? Is policy
focused on the dominant group or on the most vulnerable group? It is clear that the priorities
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and the development of policy can differ greatly depending on the answers to the above

questions.

5.2 Preventive tools

The preventive approach to road safety can be
shaped using different tools. Because they are
preventive, it is not necessary to wait until a
plan or design has been realised. The tools
discussed in this section include:
* The regional road safety explorer.
A calculation method that focuses on a
prognosis of the cost and effect of road
safety measures.

* The road safety audit. This can be intro-
duced in different planning phases and
involves an expert opinion (from a certified
auditor) that uses a standard approach to
arrive at a judgement.

* The conflictogram. This is ideal for urban
planning designs and provides an insight
into the expected conflicts.

There are also numerous other standards and

guidelines (such as those by CROW and

PIARC) that study road safety in more depth

[w5.1, w5.2].



5.2.1 Regional road safety explorer

The regional road safety explorer (RRSE) is a
calculation method that makes an estimate of
the costs and effects of road safety measures.
The SWOV developed this method at the
request of the Ministry of Transport, Public
Works and Water Management in order to help
the different regions in the Netherlands with
their traffic and transport plans. Using the
RRSE, these plans can be tailored to regional
road safety objectives. Road maintenance
authorities and regional policy-makers can also
use the calculation method to choose cost-
effective measures, for which they must enter
information in advance about the road
network, mobility and accidents, expected
relevant developments and intended road
safety measures.

The most prevalent measure used to calculate
risks within traffic engineering is the number
of traffic fatalities or the number of serious
casualties per billion kilometres travelled
(vehicle or traveller). Risk figures for road
sections are calculated by dividing the total
number of serious casualties per period by the
exposure (traffic volume X road length X period).
Risk figures for intersections are calculated on
the basis of the number of times an intersection
is crossed. Risk figures can be used to compare
road safety on different roads.

In the future, the RRSE will be used as a
calculation method that can be introduced into
third-party software applications and linked to
a Geographical Information System (GIS).
This road safety module will also be capable
of calculating the accessibility and environ-
mental effects of road safety measures.

5.2.2 Road safety audit

In contrast to the road safety inspection, which
is aimed at existing situations, a road safety
audit primarily focuses on the different design
phases. It is an independent assessment of a
road construction project designed to identify
potential bottlenecks in road safety, preferably
before a road is opened to traffic. This can
relate to both the assessment of the design of a
new road and the reconstruction of an existing
one. A road safety audit can be implemented
in four different project phases:

* the feasibility study;

e the draft design;

e the final design;

* in practice, just before the road is opened.

The aim is to identify and remedy unsafe

aspects at an early stage. Three central

questions are:

» Have all the possibilities to optimise road
safety been used?

* Does that apply to all road users?

* Does that apply under all circumstances?

This method can be completed within several

weeks and is not expensive.

The SWOV developed the road safety audit

for the Netherlands. This audit demonstrates

the consequences of road safety choices made

at an earlier stage. According to SWOV

protocol, an audit is only an audit if the

following three conditions are met:

e The client approaches an auditor with a
signed, written request.

* The auditor records his findings in writing.

e The client informs the auditor in writing
what action will be taken regarding the
findings, which recommendations will be
followed and which will not and why.
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Once they have received the project data, the
auditors can request an explanatory meeting, if
required.

The audit is carried out by an audit team, which
generally consists of two members, both of
whom are independent and certified road
safety auditors that are in no way connected
to the project. It goes without saying that

(any semblance of) a conflict of interests must
be avoided. The auditors must have a thorough
knowledge of and experience with the road
safety effects of design elements, the imple-
mentation of accident analyses and traffic
technology. Because the method is carried
out by independent and certified road safety
auditors in accordance with a standard

Checklist for the road safety audit

approach using checklists, it can be considered
reasonably objective. At the moment, road
safety audits are rarely conducted in the
Netherlands, but experiences so far, however
few, promise a positive effect on road safety,
as was the case in countries where audits have
been carried out. Courses are available to
become a certified auditor [5.2-5.4].

Different checklists are available for carrying out an audit. The checklist must ensure that the auditor
does not miss any of the main aspects to be checked and is linked to different planning phases:

e For a categorisation plan, feasibility study or road section study, the audit focuses on the

following:

- the scale of the project, function of the road, traffic composition;
- spatial planning, land use, future developments;

- network effects, future expansions;

- function in relation to (expected) use by road user groups;
- road location with distributor and through functions in relation to key (economic)

destinations

- connection to (functions of) the existing road network;

- mesh of different road categories;
- continuity, design speed, traffic;
- number and type of connections.

e For ageneral design, the audit focuses on:

- consistent elaboration of the road categorisation;
- access to private property, sewers and other services;
- cross-section, horizontal and vertical alignment;

- intersection design;

- position of/facilities for slow-moving traffic, pedestrians, cyclists;
- position of/facilities for public transport and emergency services.



¢ For a detailed design or specification, the audit focuses on:

- consistent elaboration of the draft design;

- intersection design;

- traffic lanes, carriageways and pavement width;

- types of speed-reducing measures;
- signing and marking;

- lines of sight and visibility;

- connections to properties;

- obstacle-free space and road restraint systems;

- public lighting;
- traffic management (road work zones);

- objects, barriers and fences, central reservations;
- design of facilities for slow-moving traffic, pedestrians, cyclists, public transport.

e Prior to opening, the audit focuses on:

- differences between design and construction;

- lines of sight and visibility;

- facilities for cyclists, pedestrians, et cetera;

- objects, verges, protection;

- markings, carriageway separation;

- road surface, skid resistance, contrast;
- drainage, landscaping, services;

- location and visibility of signs and marking and signposting;

- publiclighting.

5.2.3 Conflictogram method

The conflictogram method can be used in the
creation of plans for residential areas (renovation
of existing areas or new housing). The underly-
ing design principles of this method include:
to develop as large residential areas as possible
tailored to slow-moving traffic, a minimum
number of conflicts between access system
for motorised traffic and the access system

for bicycles, keeping open the possibility of
public transport to the heart of the residential
area and bundling of crossing movements of
slow-moving traffic over distributor roads.

This method uses a plan of the area to indicate
where conflicts are expected and how serious
they are likely to be. This creates an idea of the
expected road safety problems. The conflicto-

gram method focuses on the different groups
of users of public space rather than modes of
transport. It can be carried out in different
degrees of detail. It is recommended to apply
the method on a broad scale first before going
through it again at a deeper level.

In the first phase, a plan of the area indicates
who the user groups are, where they are located
and where they are going. The locations where
the lines intersect are conflict points, which in
turn create a conflict diagram.
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In the second phase, the severity of the conflicts
is determined. Table 5.2 can be used for this
purpose.
* groups of school children:
- primary school [A];
- secondary school [B]).
e residents:
- children <4 years of age [C];
- residents [D];
- elderly/disabled [E];
- shopping public [F]).
e workers:
- commuters [G];
- work to work [H]).
e leisure seekers:
- tourists [I];
- visitors [J]).
e through traffic:
- motorised traffic [K];
- slow-moving traffic [L].

Potential conflicts are indicated in grey and
black; serious conflicts in black. These serious
conflicts must be addressed first.

The third phase looks at whether the conflicts
can be prevented by altering plans. The larger
the number of journeys or the more vulnerable
the user group, the more important it is that
origin and destination are close together.

In every situation and whenever possible,
vulnerable user groups should be prevented
from coming into conflict with cars and
lorries, and the need to cross traffic arteries
should be minimised.

This method is described in the publication
‘Road safety and spatial planning’ by the
Verkeers- en Vervoersberaad Drenthe (Traffic
and transport council) [5.7], which also
contains indicative figures, key characteristics

Table 5.2. Determining the severity of the conflicts

rAS T IOTMMmMON®>

potential conflict
Hm potentially serious conflict



and the degree of risk faced by each user
group. A simplified (and also more inaccurate)
version of this method is to draw circles on the
plan around the concentration points where
vulnerable road users are based (such as
schools and homes for the elderly); locating
elements of the access structure (the traffic
arteries) within these circles is undesirable.

5.3 Curative tools for objective road
unsafety

There are different tools for combating road
unsafety. The most important tools available
each have their strong and weak points
regarding:

* Gaining insight into a certain situation,
focused on factors that lead to an objective
or subjective road unsafety.

» Diagnosing a certain situation, substantiated
in qualitative or quantitative terms.

¢ Implementing measures to improve a
certain situation, in the existing situation
or in different planning phases.

» Evaluating measures that have been taken
for a certain situation, ex-ante or ex-post.

The following list provides an initial impres-

sion of the main tools for studying an objective

road unsafety. The methods addressed in this

section are:

* High-risk location approach;

¢ Sustainable Safety Indicator;

¢ Sustainable Safety module in a network
management procedure;

¢ EuroRAP;

e Roadscape analysis;

¢ Road safety inspection;

¢ External behavioural observation;

¢ Internal behavioural observation.

In addition, there are review possibilities,
the police have road safety knowledge and
information can be gathered from people
living in the area.

5.3.1 High-risk location approach

The high-risk location approach is one of the

most traditional ways of improving road

safety. This reactive approach tackles unsafe
situations at locations with the most accidents.

Firstly, a selection process takes place, which

determines the best course of action: can the

road unsafety be related to a specific location/
road section, area or target group? Three
different approaches exist:

* AVOC (black spot or traffic accident
concentrations analysis) focuses on accident
groups that occur in a certain location,
thus a road section or intersection.

* AGEB (area analysis) is the method used
when accidents occur in a certain continuous
area (this can also be a route).

¢ ASPE (Analysis to groups of specific
accidents) is the method used when
accidents occur with the same characteristics
but in different areas.

The complete ‘Manual on high-risk location
approach’ consists of six volumes. The first
volume focuses on the selection of dangerous
situations, the second is about reference
figures (AVOC, AGEB and ASPE),

the third to the fifth describe the three methods
and the sixth comprises the directions for use
[5.7-5.12].
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The selection
This method is based on a thorough and

objective analysis of registered road unsafety

(and is, therefore, curative in nature). Selecting

high-risk situations is necessary because it is

generally impossible to simultaneously tackle

every accident location and it demonstrates
which analysis method is the most suitable.

This method involves the following steps:

 Selection 1: formulating the problem, which
must be concrete and unambiguous as well

as clear in terms of the organisation

responsible. For example: X fewer victims

in year Y in comparison to year Z.

Selection 1
Formulating
the problem

l

Selection 2
Inventorying
spearheads

|

Selection 3
Determining
problem areas

l

Selection 4
Charting
accidents

l

Selection 5

Selecting locations to
be studied and
appropriate methods

problem-oriented method

goal-oriented method
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* Selection 2: list local spearheads. Which
specific issues are being looked at: road
users, traffic situations or accident types?
For example: attention to school routes.

* Selection 3: tracing and determining problem
areas that stem from an objective road
unsafety over a period of three to five years.
This selection itself comprises the following
steps:

- examining road characteristics;

- dividing into classes;

- tracing problem areas;

- determining priorities.

* Selection 4: charting accidents.

[llustrating relevant road safety.

* Selection 5: selecting the locations to be
studied and the appropriate method.

- AVOC for locations in which ten
accidents have occurred in three to five
years or five accidents with common
characteristics.

- AGERB for a group of connected inter-
sections and road sections where at least
twenty accidents have taken place in three
to five years or ten accidents with common
characteristics.

- ASPE for situations in which accidents
with common characteristics have taken
place in different areas.



The AVOC analysis
An accident concentration exists if the number
of accidents that occur at a particular location

exceeds a certain number. The following

definition is used: if ten accidents have been

registered in a period of three to five years or
five accidents with ‘a common characteristic’

(for example accidents involving bicycles or

accidents with injuries in general), this

constitutes a high-risk situation. In practice
however, an older definition is also used,

namely six accidents with injuries in a period

of three years. The steps for the AVOC

analysis used at each location are as follows:

 Gather data: accidents, manoeuvre diagrams,
traffic volumes, situation sketches, groups
of road users, additional information (for
example information from police) and any
discrepancies in this image during the
research period.

e Conduct an analysis to determine the single
largest common denominator in the accidents.
The manoeuvre diagram often gives an idea
of the dominant accident types, although

Figure 5.2. AVOC worksheet

High-risk location approach

AVOC worksheet

AVOC 2. Conducting analysis
Time analysis table

Road e authority:

Location:

Client:

Day

"
payues

Year Mon

Wed

Thur

Sat

Total

Total

Month

Year Jan | Feb

Mar | Apr

May

Aug

Oct

Total

Total
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there is not always a relationship between
the types of accidents. In such situations, it
should be determined whether it is possible
to arrive at another dominant accident type
based on other characteristics. The signifi-
cance of the similarities and the conclusion
that can be drawn from this is the essence of
the analysis.

The analysis is then used to formulate one or
more hypotheses for the potential causes of
accidents for each of the dominant accident
types. The hypotheses must be formulated
in such a way that they can be answered in
the affirmative or the negative.

Testing the hypotheses. The AVOC analysis
is not a statistical test but a (subjective)
sound estimate of the local traffic situation,
where possible under the same circumstances
as those in which the accident took place.
Both findings that are confirmed and findings
that are rejected by the hypothesis are
recorded.

If testing the hypotheses proves insufficient,
an additional study can be conducted, which
can examine conflicts, traffic behaviour and
emotions, subjects that, until now, have only
been discussed indirectly. If the additional
study also fails to provide results, the AVOC
research must be wound up without success.
In order to formulate the causes of accidents,
the findings from the hypotheses and the
dominant accident types are classified. This
is necessary because while they sometimes
complement one another, they are often
incompatible too. In addition, the different
dominant accident types can have one or
more common underlying cause(s).

Only after the causes of accidents have been
established is it possible to determine the
measures necessary to eradicate them
without creating major undesirable side

effects. The situation that arises as a result
of the measures taken must form a logical
and cohesive whole for the road users.

The official worksheets enclosed in the manual
should be used in order to ensure comparability
of AVOC analysis [5.10].

Although none of the three methods employs
the preventive approach according to Sustain-
able Safety, the proposed measures must
satisfy the intentions of Sustainable Safety.
While the AVOC analysis is — in contrast —

a curative method, it nonetheless fits within
the basic principles of Sustainable Safety in
the sense that the selection of measures offers
possibilities to prioritise when Sustainable
Safety is implemented.

Evaluation studies have shown that in locations
where the AVOC analysis was applied, the
number of accidents fell by an average of 32%
and the total number of accidents with injuries by
45%. It should be noted, however, that in half
of the projects evaluated using an AVOC
analysis there was no reduction in the accident
rate in the key accident groups, perhaps due to
the experimental nature of the measures applied.
In addition, the actual percentages tend to be
lower due to the effect of ‘regression toward
the mean’. In this sense, regression toward the
mean signifies, for example, that at an intersec-
tion where numerous accidents occurred over
a certain period of time due to, among other
things, coincidental fluctuations, this number
will decrease in the period thereafter. If measures
have been taken at that intersection in the mean-
time, it is tempting to attribute the reduction to
those measures. In general, extremely high
scores will almost always be followed by low
scores tending towards the mean, regardless of
the measurement. In this example, the results



of preliminary and follow-up studies into the
effects of aroad safety measure can be put into
perspective by looking at how many accidents
occurred in the same period in high-risk
locations in areas where no measures were
taken [5.6].

The AGEB analysis

The AGEB analysis is applied in a geographic-
ally continuous area such as a housing estate
or an outlying area. The AGEB method is used
if in a period of three to five years at least
twenty accidents have occurred or ten that
share common characteristics. The way the
AGEB analysis works is opposite from the
AVOC in that, rather than reasoning the cause
from the effect (AVOC), the AGEB analysis
determines the effect (accident picture) from
the cause (design and use of available
infrastructure) and then assesses the reasoning.
This approach is taken because the cause can
result in different types of accidents. While an
analysis of accident characteristics would
provide a diffuse image in this case, the AGEB
analysis can provide a practicable result. The
AGEB analysis was also developed for the
period before Sustainable Safety, in that it
allows particular combinations of functions
while Sustainable Safety only permits one
function for a road. The original AGEB analysis
must therefore be used in reference to current
insights [5.9].

The ASPE analysis

The ASPE analysis focuses on people, vehicles
and infrastructure. The traffic task is not only a
human issue but also relates to vehicles and
the infrastructure. Behavioural models play a
key role in the ASPE analysis because people
are often designated as the cause of accidents

in this method, which lends itself to analysis
of more diffuse accidents that share common
accident characteristics. Examples are ASPE
analyses of rear-end collisions or manoeuvres
in bends [5.11].
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Software for accident analysis

In the development of the Dutch accident registration system —which has resulted in the
current accident database — a new method of registering traffic accidents was chosen in which
quality plays a substantial role.

The database distinguishes between a spatial component (the place where the accident
happened, divided into road sections and intersections and — on hectometred roads — the
hectometre points as well) and an administrative component (factual data concerning the
accident, the different parties involved and the casualties).

e Each road section has a unique number —the road section ID. In the Dutch Registered
Accidents Database (BRON), each location, intersection and road section can only appear
once. Updated by the Centre for Transport and Navigation (DVS), the network consists of the
current situation on the road network as well as situations from the past, which together are
called the ‘defunct road network’.

e Each intersection also has a unique number, and defunct intersections exist as well.

The situation described above, therefore, also applies to intersections.

The accident is linked to an intersection or a road section. Within any one road section, DVS
(previously AVV) does not provide a more exact location, but rather x/y co-ordinates for the
middle of the section; these are used exclusively for presentation purposes. For hectometred
roads, the accidents are positioned on a road section at hectometre points, which provides an
accuracy of 200 metres.

All accidents are provided with x/y co-ordinates, which implies an accuracy that cannot be
realised in practice. The establishment of BRON introduced the ‘level link’, which indicates
whether the accident is linked exactly, at street level, at intersection level or at municipal
council level. For a limited number of intersections, it is possible to request manoeuvre data
from DVS - this data relates exclusively to accidents that occurred at intersections and not those
that occurred on road sections.

The broad accident registration database cannot be used manually, which is why various
internet applications and software packages have been developed that can reproduce and
analyse the accident registration data. The three key functions are:

* managing databanks;

e composing accident groups;

e analysing and presenting data.

The two best-known software packages are Viastat from VIA and Veras from Grontmij (two
Dutch consultancies). At one time, the use of advanced programs required thorough training,
but software has become more easily accessible; with some packages reports on different
subjects can be printed, including text and explanations.

The most common mistakes when using software are:

e careless or mistaken selections or cross-sections;

e failing to bundle or incorrectly bundling intersections that consist of multiple intersection
areas (compound intersections. For example, a T-junction on a dual carriageway);

e incorrect interpretation of the results.



5.3.2 Sustainable Safety indicator

While expert opinion is key to the road safety
audit, EuroRAP and the Sustainable Safety
Indicator work with quantitative scores.
These scores indicate the extent to which the
characteristics of existing or planned roads
correspond with safety guidelines.

The Sustainable Safety Indicator is an

application that has been developed to test

infrastructural plans in terms of their Sustain-

able Safety requirements. It was developed by

the Institute for Road Safety Research and

expresses the Sustainable Safety level as a

percentage, which is worked out by calculat-

ing the extent to which the roads meet the

Sustainable Safety concept, based on the

following fourteen road characteristics:

e the current speed limit;

* the presence of speed humps or raised
junctions;

¢ the road pavement;

* the presence of private property connections;

e parking;

* obstacle-free spacing;

e public transport stops;

¢ breakdown provisions;

* advance sign of signposting;

* carriageway separation;

* edge marking;

e parallel facilities;

¢ cycle and moped facilities;

* exclusion of certain groups of road users.

A point is scored for every characteristic that

is met. The total number of points is then

divided by the highest possible score, fourteen.

The Sustainable Safety value of intersections
is calculated in the same way but based on the
following five intersection characteristics:

* intersection type;

e right-of-way rules;

« traffic light control system;

* signposting;

* speed reduction.

Itis also possible to calculate the Sustainable
Safety value for multiple roads by multiplying
the road length per road section with the
Sustainable Safety value; that total is then
divided by the total road length. In order to
determine the Sustainable Safety value for
multiple intersections, every intersection is
equally weighted.

This test can be carried out at different design
phases, therefore not just after realisation of
the infrastructure. In this case, various
quantifiable aspects of the design (indicators)
that relate strongly to the Sustainable Safety
requirements are looked at [5.13].
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Road characteristics+

To achieve road safety targets, various authorities work together on a file that contains
information on speed, road haulage and management data: ‘Road characteristics+'.

This can also be used to record traffic volumes.

Key characteristics of registered road sections include:

o traffic function (road category);

e speed limit;

e road type;

®* pavement;

e carriageway separation;

e edge marking;

e exclusion of certain groups of road users;
e moped/bicycle facilities;

e obstacle-free zone;

e possibly: traffic volumes.

And for intersections:

e type of intersection;

e presence of traffic light control system;
e elevation (presence of raised junctions);
e right-of-way rules.

For (through) road haulage, it is determined whether there is a desirable (for example: quality
network for road haulage) or an undesirable route (for example: a shortcut) and whether any
of the roads are closed to road haulage. ‘Road characteristics+', therefore, goes beyond a

category overview of the roadmap.

‘Road characteristics+ is suitable for safety analyses and determining the cost effectiveness
of infrastructural measures. In addition, this overview of road characteristics is important
in loading navigation systems because it can inform lorry drivers of the extent to which a

particular route is suitable for lorries. It also provides new perspectives for modified accident
registration and for Intelligent Speed Assistance (ISA). Moreover, ‘Road characteristics+' can
be used for traffic engineering methods and technologies that are not aimed at road safety,
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but at tackling noise pollution or emissions, for example [5.14, 5.15].

5.3.3 Sustainable Safety module in network
management procedures
Network management is a procedural approach
for the development of a regional system of
operational traffic control. The aim is ultimately
(with a time horizon of 5 to 10 years) to
introduce and implement a traffic management
system as a tool for the better utilisation of
road capacity. Network management enables

regional partners to collectively indicate what
they would like to achieve in terms of traffic
management and what measures this requires.
Network management employs a phased
approach to achieve an optimum end-result,
from policy principles to control strategies

to reference frameworks to bottlenecks to
measures.



Network management is a useful tool for road
safety, and its result can be either positive or
negative. If, for example, extra traffic is sent
via access roads or, worse still, over existing
accident black spots, reduced levels of safety
are to be expected. Traffic should not be sent
via (potentially) unsafe roads. Conversely,
there are often causal connections between
safety problems (traffic taking shortcuts)

and accessibility problems (congestion

on motorways). Everyone benefits if two
problems are solved in one go. If road safety
is recognised as a key aspect from the outset,
network management can be effectively
combined with Sustainable Safety.

At the beginning of a network management
procedure, the question is what place road
safety occupies in the overall picture. Is road
safety one of the objectives or is it a precondi-
tion? Or, more concretely, must network
management contribute in accordance with
existing policy objectives or are additional
efforts required? After all, it would not be
logical to develop a scenario whose effect on
road safety is either non-existent or negative

and to then take separate road safety measures.

Table 5.3 illustrates how the causes and
effects of unsafe situations can be elaborated
into objectives.

A network management procedure may
uncover a conflict of interests between road
safety and accessibility. In such cases, it is
better to explicitly designate the problem and
weigh all relevant aspects — with or without
measures designed to reduce negative effects —
than to neglect it.

When formulating the control strategy, it goes
without saying that the available network and
the road categorisation according to Sustainable
Safety should be integrated and traffic should
be directed via roads that are suitable for the
purpose. The functional requirements of

Sustainable Safety can also be incorporated here:

¢ construct continuous residential areas that
are as large as possible;

¢ allow a minimal amount of the traffic onto
unsafe roads (access roads are safe thanks
to the low levels of traffic);

e journeys should be as short as possible; the
shortest route should also be the safest;

e avoid situations in which road users have to
search to find their way.

Table 5.3. Elaboration of causes and effects of unsafe situations into objectives

. Causes . Objectives

Network Regional traffic on access roads Network management measures
. rather than on through roads or : must contribute to a reduction in
. distributor roads : the number of casualties in this
: : area

Local Traffic taking shortcuts Road safety in accident black

: spots must be improved
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When formulating the frame of reference,

the question of whether road use and road
category are in tune with one another plays a
role at local level. At network level, the
question is whether traffic uses low risk roads.
The extent to which this is the case not only
has an effect in terms of accident numbers but
also on subjective safety (or lack thereof).

Unsafe locations are identified and analysed
in the phases that follow. On the basis of this,
measures are proposed that influence the
needs and the distribution of traffic.

In terms of network management, it is
important to keep in mind that road unsafety
often leads to new congestion; road safety

is beneficial for accessibility [5.16, 5.17].

5.3.4 EuroRAP

EuroRAP stands for ‘European Road Assess-
ment Programme’, and the EuroRAP method
assesses roads objectively on the basis of road
characteristics and accident figures. EuroRAP
is a collaboration between European motorists’
associations such as the Royal Dutch Touring
Club (ANWB) and road authorities, with the
objective being to reduce the number of
casualties in Europe. This is to be achieved by
working together and developing instruments
such as Risk Rate Mapping (risk maps) and
Road Protection Scores (attributing stars to
safe roads, comparable with EuroNCAP’s
crash tests). Risk Rate Mapping focuses on
road safety potential. In the Dutch situation
this hardly adds anything, which is why
emphasis in the Netherlands lies on the Road
Protection Score. The RPS uses stars to show
the extent to which safety measures have been
taken for a road. This is based on risk tables
per road category that have been translated

into a star score of 1 to 4. Measures can be
taken to improve road safety for roads with
alow score.

As part of an ANWB initiative, the provincial
roads in the province of Zuid-Holland were
tested according to this RPS method. Of the
751 kilometres tested, 31% was awarded the
maximum four stars, 51% three stars and 17%
two stars [w5.3].

5.3.5 Roadscape study

Whenever there is reason to suppose that road
safety is the consequence of a problem in the
roadscape, a roadscape study can be carried
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out. The aim of such a study is to trace and

eliminate these problems, which is why

roadscape studies are largely conducted by

road authorities. The roadscape study focuses

on the roads themselves (horizontal and

vertical alignment, dimensions), the ‘decoration’

(roadside objects) and the road’s environment.

A roadscape study investigates the roadscape

on the basis of eight quality-related criteria:

¢ amount of information;

e continuity in the information;

* anticipatory overview and guiding ele-
ments;

* functional correspondence in terms of visual
dominance;

e visual structure;

* recognisability of visual elements;

e orientation possibilities;

e attractiveness.

These criteria are described in detail in the
Road design handbook (guidelines for the
design of non-motorways) [5.18-5.21].

5.3.6 Road safety inspection

The road safety inspection (VVI) has a great
deal in common with the road safety audit,
with the key difference being that with an
inspection the existing road network is regularly
and systematically checked visually for
deficiencies. The VVI works most effectively
when it is carried out systematically and
periodically.

The initiative for the VVI lies with the road
authority, who can hire external inspectors or
carry out the inspections themselves. A course
and certification for road safety inspectors
may be organised in the future, as is currently
the case for auditors.

The inspection can be approached in two
ways. The first is that an entire network is
inspected periodically, independent of the
number of registered accidents. The second
approach is that road sections are selected on
the basis of the number of accidents. Road
sections that have a higher than average
number are given priority in the VVI. This
approach is very similar to the high-risk
location approach, see section 5.3.1.
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There are no standard procedures for the
implementation of a VVI. Visual inspections
record the condition of the road surface and
the subterranean situation is measured using
specialist equipment. On the basis of the results,
priorities are established and reconstruction
designs drawn up that will be implemented in
the long or short term. These measures can be
combined with major or minor road maintenance
work, as required [w5.1, w5.2].

5.3.7 External behavioural observation

In terms of accident registration, observations
have the important advantage of showing
results relatively quickly. In the case of registra-
tion of unsafe situations, several years may go
by before any conclusions can be drawn about
safety and unsafety.

Conversely, it is not certain as to what extent
conflicts can actually predict any ensuing road
unsafety. Hence, observation techniques are
especially useful in identifying and analysing
road unsafety rather than predicting it.

When choosing observation techniques, it is
important to first determine the reasons for
observing: what do you want to find out? In
terms of external observations, a distinction
can be made between structured observations
(observations according to a particular
technique) and unstructured observations
(observing traffic in an unbiased way).

Specific behavioural observations

Specific behavioural observations accurately
describe the driving task and driving environ-
ment, after which a study is conducted to see
whether road users actually use the desired
routine. The simplest forms of behavioural

observation are studies into behaviour that
does or does not occur, such as the percentage
of motorists that wear a seat belt.

Disruptions in the traffic picture and deviations
in intended behaviour are of particular interest
because they provide information on the basis
of which improvements can be introduced in
the design of the road, in traffic enforcement,
et cetera. This method is also known as the
‘complete event sequence’.

Expectations are that, in the future, behavioural
observations will increasingly use high-quality
technology and automation such as video,
GPS and gsm tracking, which will change the
way in which information is gathered: where
the question used to be where the information
came from (there was often a shortage of
information), in the future, the question will
be how the correct information can be filtered
out of large datasets (a glut of information).

Speed measurements

Another structured observation method is
measuring speed. Speed measurements can
provide a reasonable impression of road
safety. A speed measurement can be taken as a
section measurement (average speed over a
particular distance) or as a spot measurement
(radar, laser gun, using loops in the pavement,
et cetera). Speed measurements also take place
at network level. It is also important to know
what is being measured in this respect:
‘everything that passes’ or only the ‘free
riders’: drivers whose speed is not influenced
by other road users. Furthermore, sufficient
observations are required to obtain an accurate
picture of the situation.



Generally, the V., is used for taking speed
measurements, which is the speed at which
85% of drivers drive slower and where 15%
drive faster than the speed regime, creating an
image of the majority of road users. If the
highest value of the speed measurement is
added, an image is also created of the
excesses. The combination of these values
gives a picture of the actual behaviour.

The speed measurements can be taken by
various parties. Due to the time it takes to
carry out measurements, some municipalities
have entered into agreements with Dutch

traffic safety association (VVN) to carry out
the speed measurements.

It is of primary importance that those
responsible for carrying out observation and
measurements heed their own safety during
these procedures. They should also be conscious
of knee-jerk responses from road users, given
that some react angrily to a radar gun or camera.
Curiosity, (attempted) theft of equipment and
even aggressive behaviour should also be taken
into consideration. Informing the police of any
measurement programmes is advisable.

Figure 5.3. Speed measurements

Speed measurements
Period: 2003 to 2007
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The histograms represent 90% speed.
This is the speed in km/h that 90% of
vehicles adhere to. 10%, therefore,
exceed this speed.
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Table 5.4 Combination of Vg, and the highest measurement

. Highest measurement almost

. Highest measurement is higher
¢ than Vg,

- equal to Vg,
Vgs and speed  : Speed regime is well observed
regime in
balance

. Speed regime is reasonably well
observed but there are incidences of
. excess. Traffic enforcement is the

: obvious solution.

Vg is higher than

: atemporary solution at best

Use control system for traffic observation
Traffic observations can also be carried out using
modern traffic control systems. The control
programme operates on the basis of such data as
the number of times the road surface loops are
crossed. This offers insight into the total number
of times ared light is ignored and the passing
speed at the intersection area, after which the
control system software in the control box can be
read out by a specialist (mostly the supplier). The
numbers that relate to motorists who have
jumped a red light are very reliable. In terms of
speeding, this is less so. Without speed loops
near the intersection, the only reliable conclusion
is that the speed at the intersection increases and
decreases over the course of a particular period.
With loops near the stop line these speed
observations can be refined to the number of
passing vehicles within a certain speed block
within a 10 km/h range. A specialist is also
required to read out these details.

5.3.8 Internal behavioural observation

The design of the infrastructure and the road
environment must be adapted to the end user,
usually a motorist. This requires research into
traffic behaviour, human-machine interaction,
workload, et cetera. Behavioural observation is
possible from the roadside (for example with a
camera or from a hiding place), but also from
an inconspicuous car in traffic. An alternative

Too many drivers exceed the speed
the speed regime : regime. A review of the roadscape

. and speed regime are the obvious
- solutions; traffic enforcement offers

The speed regime is being exceeded

. and there are also incidences of excess.
. Athoroughly combined (infrastructural
. and enforcement) approach is the

: obvious solution to these problems.

to behavioural observation in the field is
simulation using a driving simulator. If the
interaction with the driver is important,
research using a simulator provides good
possibilities. The study of traffic behaviour
requires a careful choice of the most appropriate
methods and techniques, which range from
mathematical models on the one hand to
roadscape observations on the other.

Using driving simulators for research

purposes has various advantages.

 The circumstances in which the studies are
conducted are always safe and controlled.
In contrast to the roadside, where the
weather and driving behaviour of others
influence the results, a driving simulator
makes it possible to have different end users
drive in exactly the same conditions.

e [tis easier to measure research data such as
driving behaviour and workload. A driving
simulator can also result in substantial cost
savings.

 Simulation can also study driving behaviour
in non-existent situations, for example,

a dynamic evaluation of the effects of new
infrastructures such as tunnels on the driver.

* As well as research into infrastructure and
traffic behaviour, it is also possible to study
driving support systems, which can be done
at an early stage in the development.



The first advantage is a limitation in that a
study of whether or not a test person accepts
risks is invalid: they will always feel more or
less safe regardless of how realistic the
simulator is. However, a simulator is an
excellent way of discovering risks in terms
of both research and driving instruction.

The possibilities and the limitations of the
studies depend on the configuration of the
simulator, which is why TNO uses three
different simulators, each with its own
capacities: the fixed-base simulator, the
moving-base simulator and Desdemona:

* the fixed-base simulator has a static mock-up
and is used for studies into how people
make decisions or comprehend elements in
the roadscape;

e the moving-base simulator has a moving
platform with a BMW chassis or a DAF
truck cabin and is used for studies into the
driving behaviour (maintaining direction,
speed) of motorists in normal circumstances;

* Desdemona is an advanced motion platform
that simulates more extreme manoeuvres
such as sharp corners, leaving the road and
even crashing.

5.4 Tools for subjective road unsafety

There are different methods for understanding
the concept of subjective road unsafety. How
safe or unsafe a road user (or person living

in a district) perceives a situation to be can

be deduced from complaints or experiential
research aimed at a certain existent situation.

It is also possible to consult future road users in
the initial planning phase, even though there are
(as yet) no specific methods aimed at road safety.

The subjective road unsafety and the objective
road unsafety of a particular situation do not
always go hand in hand. Sometimes a situation
is subjectively unsafe (the situation is deemed
unsafe), but objectively safe (few or no accidents
occur) because the road users compensate for the
situation and conduct themselves with extra care.
In many cases, scant attention is paid to subject-
ive road unsafety, yet politicians deem it to be as
important as objective road unsafety.

5.4.1 Complaints

In order to get an overview of subjective

(un)safety, it is necessary to gain insight into

complaints concerning the existing traffic

situation. This is why an effective complaints
procedure is so important. Such a procedure
comprises:

* A central complaints office.

* Standardised registration:

- location;

- group that experiences the road unsafety;

- time;

- frequency;

- contact details of person lodging
complaint.

* An immediate confirmation of receipt and
feedback about how the complaint will be
handled: who is the contact person and how
is the complaint being handled. An arrange-
ment must also be in place for cases in
which those making the complaints feel they
have not been dealt with properly. They
should be informed of this arrangement.

* Handling a complaint within a reasonable
period of time and reporting the outcome. If
the complaint is not dealt with satisfactorily,
the reason(s) should be reported to the
person lodging the complaint:

- the outcome of the research into the
complaint;
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- the decision concerning the complaint;
- the conclusions drawn from the decision;
- the possibility of lodging an appeal.

The police can often provide valuable
information about certain situations about
which complaints have been lodged. Informa-
tion is also often available from people who
are familiar with the location for other
reasons, such as shopkeepers, couriers and
postmen. They are in a position to provide a
sound judgement about a particular situation
due to their own experiences in that location.

Specific subjective experiential research

It is also possible to conduct specific research
into subjective safety using what is known as
experiential research, in which road users can
compare the situation with other situations
that they have experienced. These studies
usually take the form of a questionnaire.
Specific experiential research can also be
conducted in the form of a discussion between
citizens and road authorities or a survey
conducted by a social organisation such as
Road Safety in the Netherlands or the Dutch
Cyclists’ Union.

5.4.2 Consultation with future residents/
users
It is also sometimes possible to approach
future residents and users of a particular area
at an early stage in the planning process. The
ways in which future residents can become
involved vary from acting as ‘sounding boards’
with regard to the design to helping with the
design or even helping in the decision-making
process. Contributions can be either ad hoc or
periodic. In this sort of situation, it is important
to establish early on a clear picture of what the
rules are and make sure that future residents

or users are not given any false expectations.
Specialist consultants are available to provide
support in such processes.

Different web applications are also available
with which public opinion can be assessed
on-line. People can give their opinions on a
website about the current and future traffic
situation in a particular area.

5.5 Summary

There are many pragmatic methods and
techniques with which we can anticipate or
respond to road safety problems. This chapter
discussed methods that focus on objective
road safety and a subjective road unsafety.
Each method has characteristic strengths and
weaknesses.

Many of the methods described differ
fundamentally from data analysis; the problem
definition determines which method is best in
any given situation.
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Part 2 - Making traffic safer

Influencing road user behaviour: the three Es

Chapter 1 states that human error plays a part in as many as 93% of all traffic accidents.

Discouraging certain (undesirable) behaviour and/or stimulating new (desirable)
behaviour of road users with the help of technical, educational/communicative
and legal means, is called traffic influencing. Behaviour is not only influenced
through education, information, posters and stickers, but also through measures
concerning the infrastructure, as well as legislation and traffic enforcement.

Three categories of tools can influence human behaviour: Engineering, Education
and Enforcement: the classic three Es of traffic influencing. They will be briefly
touched upon in this introduction and discussed more thoroughly in the following
chapters.

e Engineering
Engineering, through the design of vehicle, road and road environment,
is the technical approach. In this context, the most important factor by far is
the Sustainable Safety design of the infrastructure according to the principles
of homogeneity, functionality, forgivingness and recognisability. This prevents
unintended use of the infrastructure (for example rat-run traffic), encounters with
significant differences in speed, direction and mass, and indecisive behaviour of
road users. What should be kept in mind is that solving existing problems with
engineering measures differs from the Sustainable Safety approach, the point of
which is to prevent potential problems. Chapters 6 and 7 will examine this in
detail. Making vehicles safer is, certainly for a ‘conventional’ traffic engineer, of
lesser importance, although it is helpful to have knowledge of measures in this field.
This information is presented in chapter 8.

e Education
Education generally means ‘teaching and training’. Road safety education is
the catchall concept for road user education, traffic or driving lessons and traffic
information. Education, and hence also road safety education, applies four
(groups of) tools:
- instruction (explaining how);
- training (practice);
- modelling (social learning, that is: copying other people’s behaviour);
- punishing undesirable behaviour and rewarding desirable behaviour.
Chapter 9 discusses road safety education.
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e Enforcement
Enforcement refers to the formulation, publication and imposing of rules by the
legislator or the police. Tools for enforcing rules are punishing undesirable
behaviour and, where possible, rewarding desirable behaviour, both mentioned
in Education. This aspect of road safety education has, in part, been ‘tendered’
to traffic enforcement.
Chapter 10 addresses traffic enforcement and also discusses in depth the role of
communication (a form of education) in enforcement.

One E is not enough

Employing a single E is not always effective. Changes in road user behaviour

(for example driving slower, fewer priority-related accidents) can only be expected
with any degree of certainty from infrastructure measures, thus Engineering. Traffic
enforcement should be planned together with education: people should know

in advance that they can get caught if they do not abide by the rules. The effect

of Enforcement is enhanced dramatically by information/publicity about police
surveillance. Information can also be a valuable contribution to infrastructure
measures. The recognisable road characteristics that indicate the local speed limit
should first be communicated before the markings can be expected to be effective.
On the other hand, if the infrastructure itself encourages unwanted behaviour,

no amount of traffic enforcement and information will help. Especially when it
comes to speeding, desirable behaviour should, first and foremost, be made inviting
or even be imposed by the design of the infrastructure, thus Engineering. Only after
that has been achieved will enforcement make sense (if it is still needed).

To be more specific:

» sometimes one E is a condition for successful application of another E;

* in many cases, the most effective way to influence behaviour lies in the
combination of two or three Es.

In practice, the E of evaluation is occasionally added to the three abovementioned
Es. Strictly speaking, evaluation is not a measure, but a stage in the (PCOSE)
process. Environment, ethics and the euro are also used sometimes, but ‘the three
Es’ remain at the core.



The three Ps

Now the tools are known, how can they be applied? There is a helpful trio for this
as well: the three Ps: Push, Pull and Persuasion.

Push

Trying to ‘push’ someone away from undesirable behaviour. For example:
discouraging traffic offenders on a certain road by punishing the offences with
a fine with a considerable regularity. Also, an insurance company could pay out
less or nothing at all if it turns out that alcohol was involved in an accident.

Pull

Trying to ‘pull’ that road user towards the desirable behaviour at the same time
(or at least co-ordinated in time), encouraging desirable behaviour by addressing
safety advantages. An example of an incentive is handing out BOB (‘designated
driver’) key rings during alcohol inspections to those who have not been drinking.

Persuasion

Persuasion is about convincing, about communication aimed at changing road
users’ knowledge and attitude (and, in the end, behaviour). For instance, in the
case of seat belt use: explaining how dangerous not wearing a seat belt is and hence
how important to wear one, and that there will be seat belt inspections, et cetera.

The art of influencing traffic behaviour is finding the best combinations of the Es
and the Ps.

The chapters of part 2

6
7
8
9

Spatial Planning and the Road Environment
Infrastructure

Vehicle Safety

Road Safety Education

10 Traffic Enforcement

Chapter 6 ‘Spatial planning and the road environment” describes road safety from a
spatial / urban development perspective. Substantive cohesion and interaction
between spatial disciplines and traffic engineering are discussed, as is the co-operation
process between the different disciplines.

- Making traffic safer

Part 2
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Chapter 7 ‘Infrastructure’ examines infrastructure specifically from the perspective
of traffic engineering. Sustainable Safety road categorisation and its effect are pivotal
in this chapter, although topics that are less directly linked to Sustainable Safety
are also discussed.

Chapter 8 ‘Vehicle safety’ takes a look at measures for improving vehicle safety.
The emphasis here is on cars, but other modes of transport are also discussed.
Other important subjects are Intelligent Transport Systems and high-quality vehicle
technology.

Chapter 9 ‘Road safety education’ explains the concept and highlights the importance
of permanent road safety education. In addition, it describes the target groups of
education, their traffic behaviour, and the intended development of their skills.
These all come together in the GDE matrix.

Chapter 10 “Traffic enforcement’ describes the different aspects of traffic
enforcement. The organisation, the function, and the intrinsic effects are discussed.
Based on that, a deduction can be made as to whether or not and to what extent
enforcement will be an effective measure.

The order of the chapters is deliberately chosen. In a dangerous situation, the most
fundamental method is to tackle that danger. A second option is to protect people
and the third one is to avert that danger. Teaching people how to deal with danger
is the final and also least effective option. It is by far most effective to tackle dangers
at the source.

Analogously, measures on the road and its environment are the first choice and
measures geared to the vehicle the second. If these measures do not lead to an
acceptable solution, educational measures and enforcement come into play.



Learning objectives for students:

* tounderstand how road safety is linked
to key policy areas such as urban and
rural planning, spatial planning, urban
design and landscape architecture;

* to understand how they influence one
another;

¢ to know how measures from other
policy areas can be utilised to improve
road safety.
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6 Spatial planning and the road environment

6.1 Cascade approach

Chapter 1 described how road safety is hardly
ever the result of a single factor: road safety
depends on literally every aspect of the transport
system. Every choice that is made in relation
to the transport system has an impact on road
safety, however great or small it may be. The
transport system is embedded in urban and
rural planning, spatial planning, spatial
development, urban design, and landscape
architecture. The choices that are made in
these fields (co-)determine road safety. It is not
a coincidence, therefore, that spatial planning
is one of the pillars of Sustainable Safety.

The cascade approach is an effective strategy
to make road safety manageable in a spatial
context and is arranged as follows:

Looking at structure:

e urban and rural planning and urban
development;

e spatial planning;

e spatial development;

e traffic planning.

Looking at the layout of the location:
e urban development;

¢ landscape architecture;

o traffic design.

Looking at the use:
¢ individual behaviour.

This chapter focuses on the first two cascades
because they eventually (co-)determine
behaviour.

e Urban design, spatial planning and spatial
development focus on issues such as plan-
ning, use of space, networks, interchanges
and transport concepts. Traffic planning also
incorporates these aspects.

» Urban design and landscape architecture
focus on issues such as the layout of a
location or area and the design of residential
areas and infrastructure. Traffic design also
incorporates these aspects.

However, reality is often more subtle than

this rigid division might suggest.

Rather than offering a choice (either/or), these
cascades offer a combination (and/and) that
can result in effective and traffic-safe public
spaces.

6.2 The interaction between spatial
disciplines and road safety

Public space must be appealing and easy to
use, both now and in the future. On the one
hand, residents, companies and their visitors
should be able to reach their destinations
quickly and comfortably, while on the other,
the environment should be pleasant so that
everybody — children, adults and the elderly —
feels at home in their own street, neighbour-
hood, village or city.

Practical examples of how this has been imple-
mented effectively are unobtrusive. Examples
of less effective situations are usually much
more recognisable, such as large flows of traffic
directed through a residential street, or pupils
who have to frequently cross a busy road
because their schools have been combined in
anew building on the other side of that road.



In such situations, road unsafety is almost a
matter of course. Rectifying problems of this
nature usually requires drastic and costly
measures, while makeshift solutions cannot
undo the consequences of misguided plan-
ning. But the opposite is also true: if planning
and urban design choices are made carefully,
road safety is already guaranteed to an impor-
tant extent, eliminating the need for costly
repairs at a later stage.

The strength of the cohesion and the mutual
influence of spatial disciplines on the one hand
and traffic and transport on the other are the
subject of much debate. It can be argued that the
spatial disciplines have a minor and unpredict-
able influence on mobility, but equally that
they are a sustainable, determinant factor for
mobility.

History has taught us that there is a certain
degree of interaction: urban and rural planning
and urban design determine a long-term process
— spatial structures can last for centuries — and
are co-determinants for traffic and transport in
the short and mid-terms. While traffic and
transport are particularly prone to problems in
the short and medium term — a street may last
for 30 to 50 years — they also (co-)determine
urban and rural planning and urban design in
the long term.

Both misguided and effective decisions
regarding public space determine the nature
and volume of traffic and transport for many
years to come. And it is this sustained impact
that make experts in spatial disciplines inter-
esting partners in discussions with traffic
planners and engineers. This should be put
into perspective, however: the Netherlands is
already largely developed and the chances of
changing this are limited. In addition, traffic

and transport are also determined by other
factors, such as social-cultural and economic
factors and ‘trendy’ developments.

The interaction between urban and rural plan-
ning and urban design, and road safety should be
reflected in planning and planning processes.

6.3 Planning and planning processes

6.3.1 Introduction

Integrating the relationship between urban and
rural planning and urban design on the one
hand and road safety on the other into policy
does not necessarily lead to increased road
safety. The following examples illustrate this.
At the moment, spatial planning and develop-
ment at national level are governed largely

by the Land use planning memorandum.

In terms of traffic and transport, this document
emphasises accessibility and external safety,
rather than focusing specifically on road
safety. As such, the document could lead

to large-scale rural housing projects, which
would in turn result in increased vehicle use
and an increased road unsafety.

The extent and the nature of the functional mix
in a certain area strongly influence vehicle use.
If there are relatively few contacts outside that
area, this has a favourable impact on road
safety because less journeys are made.

As an elaboration of the Land use planning
memorandum, the National traffic and
transport strategy memorandum does address
road safety. The embedding of road safety in
the National traffic and transport strategy
memorandum is discussed in chapter 3.
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Policy at decentralised government level does
not always effectively address the interaction
between the surroundings and road safety
either. Over ten years ago, the Netherlands
Institute for Road Safety research found that
‘Road safety has neither a prominent nor an
explicit place within statutory procedures,
especially when general starting points and
strategic spatial choices are under discussion.
(...) Road safety is also far from prominent in
informal planning process of construction,
consultation and participation. This is due in
part to the fact that it is difficult to (quantita-
tively) show what effects spatial choices have
on road safety. It is only at a later stage, when
the zoning plan is under discussion, that road
safety becomes more important.’ [6.2]
Although road safety appears to have gained
some ground as an element of urban and rural
planning over the past decade, there is still room
for improvement. Zoning plans and provincial
structural concepts rarely mention road safety
explicitly. In practice, many planners and
designers feel that while road safety does play
arole, itis an implicit one and need not be
explicitly included in plans. This suggests that
bilateral communication between the various
disciplines is critical to solidly embedding
road safety in the spatial planning process.

6.3.2 Road safety in the formulation of

spatial plans

Road safety can be considered at different levels

and at different moments in the formulation of

spatial plans [6.3].

* The level that provides the preconditions for
spatial development: government memoranda,
legislation and regulations, land policy. The
preconditions are usually taken as read and
are, therefore, not always explicitly included
in plans.

* Structural level (regional): strategic long-term
choices, such as the structuring and context-
ualising of living, working, recreation and
traffic at macro level. This is reflected in the
regional spatial plan formulated by the Provin-
cial Council, which outlines the future of an
area. A regional spatial plan has a process-
oriented character: it is both a development
plan and the integration framework for differ-
ent memoranda and programmes. A regional
structure plan is compulsory for framework
areas. Municipal councils can formulate a
structure plan, an outline structure plan or a
structural concept. In order to give road
safety a clear place within such plans, it is
important:

- to combine the strengths of the various
modes of transport as effectively as
possible and to limit the weaknesses;

- when choosing locations for new housing
projects: to allow the development to
connect to existing built-up areas, or
concentrate it in larger new autonomous
residential centres or larger new housing
projects with a functional mix;

- not to opt for different small locations or
to connect to an older urban area; scatter-
ing or increasing the density of new
developments in such areas is usually
unfavourable to road safety;

- to ensure proper road categorisation: a
clear division between roads with a traffic
function and roads with a residential func-
tion, avoiding roads with a dual function
or roads with an undefined character
(so-called ‘grey roads’).

* Location level (area-specific): specific task
for a particular area in the medium term,
which involves the meso-level elaboration of
the choice of the location for new housing or
infill development. This results in an outline



zoning plan, which defines the main features

of the area and/or statutorily establishes its

programme. The regulations and the zoning
map are legally binding. Sometimes an outline
zoning plan is also used to test the feasibility
of plans. In terms of road safety, the following
are relevant:

- to anticipate future developments in traffic
and transport;

- the extent of the functional mix;

- to aim for large, continuous residential
areas;

- to ensure that residential areas connect
with traffic arteries in a well-considered
manner;

- to prevent avoidable motorised traffic in
residential areas;

- to direct traffic over roads designed for
this purpose as much as possible;

* (Re-)development level (location-specific):
the short-term appearance of the area, which
involves a detailed zoning or development
plan. The regulations and the zoning map
are legally binding. In terms of traffic and
transport, it relates to tracing of potential
conflicts between modes of transport at
micro level.

Formulated more positively: the design of a

pleasant and sustainable layout that future

residents like to see as an extension of their
own homes. In terms of road safety,

the following are relevant:

- to anticipate future developments in
traffic and transport;

- the development of public space on the
basis of road categorisation;

- the final design of the infrastructure.

Alongside these plans, there are a number of
other specific plans with a spatial character
that can also include traffic and road safety,

such as visual quality plans. The appearance of
public space and the accompanying ambitions
as defined in the visual quality plan must be
consistent with road categorisation. Aside from
this, a surfeit of traffic engineering elements
can diminish visual quality. Consequently,
co-ordination and harmonisation are key.

6.3.3 Road safety in the decentralised

planning process

The various decentralised plans are formulated

in more or less equivalent planning processes

that consist of a number of phases. Within each
of these phases, road safety can be included in
the following specific ways:

* Initiative (idea): in this phase, a qualitative
investigation can be made into the positive
and negative consequences for road safety.

 Definition (what): in this phase, the qualitative
investigation into road safety can be quantified
where possible or a road safety audit carried
out.

e Design (how): in this phase of the planning
process, the consequences for road safety
are dealt with more concretely: a design can
be adapted to the expected safety bottlenecks.
If a road safety audit was conducted during
an earlier phase, an audit that focuses on the
design can be an effective addition.

* Preparation (how to make the plan): road
safety also demands attention during the
realisation of the plan; consider, for
instance, road unsafety due to construction
traffic. Communication on road safety also
demands time and attention.

e Realisation (carrying out the plan): in this
phase, it is important to ensure that all
intentions are actually realised. Unforeseen
problems concerning road safety will crop
up regularly, and improvisation is required
to address these.

6 spatial planning and the road environment
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* Aftercare (maintenance): in this phase,
monitoring road safety is key: immediately
after realisation of a plan, it is important to
be aware of complaints and, where necessary,
make observations. In the long term, safety
statistics can provide information on road
safety levels.

Decentralised planning is a process in which
the level of detail increases over time. There
is, therefore, a link between level of scale and
sequence [6.4].

Consideration for road safety is wrongly left
until a relatively late stage of the planning
process. This is unfortunate, given that the
possibilities of influencing road safety through
spatial planning decrease as the level of detail
increases. It is advantageous, therefore, to
include road safety at an earlier stage [6.5, 6.6].

6.3.4 Rectifying deficiencies in existing
road safety
If road safety problems occur that are relevant
to the spatial situation, it is necessary to work
out the cause: is the problem a result of a plan-
ning mistake in the choice of location or road
network or is the problem caused by architec-
tural or landscape layout?
e If the problem is related to planning,
itis usually possible to solve the problem
elsewhere.
o [f the problem is related to layout, it must
be solved on the location in question.

Problems may arise in one location but have to
be solved somewhere else. Sometimes, however,
a problem at road network level is tackled as a
layout problem. This short-sightedness leads
to ‘stopgaps’ that, in the best case scenario,
merely alleviate the symptoms rather than

really solving the problem. Moreover, such
solutions are not considered credible by the
various users.

Sometimes, road safety problems can be the
result of decisions taken at an earlier stage in
the planning process. In that case, it is not only
important to tackle the problem, but also to
learn from it for future planning processes.

6.4 The bridge between urban and
rural planning and road safety

Urban and rural planning is a collective term
for all spatial developments, within which
road safety is to be detailed. In order to clarify
the relationship, the catch-all term urban and
rural planning can be broken down to its
essence: spatial design. A well-developed
road network offers beneficial conditions
—but no guarantee — for a good quality of the
road environment. By contrast, a poor road
network can never be remedied by good layout
or by taking the quality of the surrounding area
into account. Table 6.1 illustrates this and also
highlights the consequences.

By designing a good road network, the planner
lays the foundations for road safety.



Table 6.1. The relationship between layout and road network

. Poor layout

: Good layout

Poor road network

: Major problems with traffic
and transport system.

: Consequences: costly
measures are required.

. Good infrastructure is nothing
more than a stopgap.

: Consequences: costly
measures are required.

Good road network

" relatively simple.

6.4.1 Three road categories

Many traffic planners wrongly see interlocal
or regional traffic as a standard for the design
of the road network, as a result of which streets
are often designed on too large a scale. At most,
interlocal traffic is only 50% of the story, and
neighbourhoods around the corner are every bit
as important as far-off cities.

Once above a certain speed, no-one can gain
time without forcing another to lose it [6.7].

In short: connecting and residing must be
balanced in a road network.

There used to be as many as seven, nine or even
more road categories. This meant that some
small residential centres, in imitation of larger
cities, also had a large number of road types —a
hierarchy that in reality could not be achieved.
Moreover, this division was incomprehensible
to the road user. In terms of road safety, a
clearly recognisable distinction between roads
with a traffic function and roads with a residen-
tial function is preferred. This is why the choice
was made within Sustainable Safety to limit the
number of road categories to three:

* through roads: motorways and trunk roads;
traffic arteries on which traffic flow is key
on both the road sections and at intersections.

e distributor roads: connection between
residential areas and through roads; traffic
flow is key on the road sections and interaction
with the surrounding area is key at intersec-
tions.

Failed at the final hurdle.
: Consequences: measures can be :

Good result.
Consequences: road safety is the
. natural outcome.

e access roads: roads with a residential
function within connected areas where the
traffic function is of secondary importance.
This category connects more than just home
zones, with 30 km/h zones also being
included. Interaction is key on both the road
sections and at intersections.

Almost the entire Dutch road network is now

categorised in terms of the division of roads as

stipulated by Sustainable Safety, the essence
of which is that a road never has both a traffic
function and a residential function. This subject

will be discussed in more detail in chapter 7.

Table 6.2. Old and new names for road
types

Old name . Sustainable Safety

6 spatial planning and the road environment

Motorways

: Through roads
Trunk roads :

Urban motorway/main : Distributor roads
collector roads :

Collector roads

District roads

Local access road/

local roads

Local access road/local
roads

Residential streets

Home zones

Paths

- Access roads
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6.4.2 A well-constructed road network
Chapter 7 will also provide a guide to the
categorisation of roads. A good road network
is clear, logical and —ideally — simple.

There is usually little debate about the designa-
tion of through roads: few new motorways and
trunk roads are being constructed and if they
are, they are subject to a lengthy procedure.
Likewise, there is little debate about access
roads; it there is any discussion at all, it
usually has to do with the fact that too many
roads are regarded as traffic arteries.

In practice, then, the debate centres on the
middle category, the distributor road, which
constitutes a difficult design assignment.

The choice of road category means that much
of the road layout and uniformity of the design
is predetermined. This way, an optimum balance
can be struck between complexity and the
chance of error. Uniformity of through roads
is essential and of great significance, while
for access roads the opposite applies in that a
lack of uniformity is a functional advantage.
Uniformity in design is often a problem with
regard to distributor roads. To clarify: while
uniformity does not mean that every profile

or material is the same, it does mean that

the roadscape is clearly distinguishable and
recognisable.

6.4.3 Core risk data

Core risk data can be incorporated into the
design for a safe road network. Such data can
be put to good use when creating substantiated
prognoses concerning road safety. A GIS
application is expected to be available in the
short term, which will make it easier to work
with core risk data (see also section 5.2.1).
This will also make it possible to calculate the
consequences of different alternatives to the
current road network.

6.4.4 Mobility-generating effect

If the law of preservation of travelling times
(BREVER law) is taken as the starting point in
the design of a safe road network, it is possible
to judge the mobility-promoting character of
Sustainable Safety. If Sustainable Safety
results in a denser (therefore quicker) regional
road network, the consequence will be an
increase in traffic. At the same time, alterna-
tives will become less attractive: the number
of journeys by train and interlocal public trans-
port will decrease. The shift from relatively safe
public transport to the car, however, does not
compensate for the increased safety of a more
dense road network [6.8]. The location of a
built-up area close to a motorway induces
increased vehicle use (2.0 to 2.4%), but on
account of the safer traffic flow, the effect on
road safety is, on balance, still positive: 0.8 to
3% fewer casualties. In other words, the effect
of the shift to safer road types is, therefore,
more pronounced than the mobility-generating
effect [6.9].



6.5 Urban design and road safety

Itis important to raise the issue of road safety in
urban areas. After the explosion of motorised
traffic after the Second World War, it appeared
that road safety could no longer be guaranteed
in the public domain. The number of traffic
fatalities reached a record high, which, as the
following quote testifies, resulted in a stance
being taken against the car and high speed
traffic in the 1970s:

‘We are using speed humps, barriers, lamp
posts, bollards and other physical methods

to force motorists to slow down. But cars are
manufactured such that speed humps pose no
problem. Car manufacturers try to appease
the every wish of anonymous motorists: speed
and comfort are all-important.

No-one wants to ruin the cities. No-one wants to
cause accidents. Yet we all accept that sections
of the city are disintegrating and people are
being killed. The bombardment of cities and
villages with speed humps and cars has to stop
sometime.’ [6.10]

The current generation of traffic engineers is
less familiar with this combative behaviour
against the car and high-speed traffic: they
grew up in a situation in which the rough
edges in terms of road unsafety have been
smoothed off. It is unusual nowadays for
through roads to be constructed to cut through
the city or that buildings are knocked down

to make way for traffic arteries. Everyone
recognises the importance of road safety.

6 spatial planning and the road environment
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6.5.1 Urban design through the years and
the relationship with road safety

There is a clear connection between the stereo-
types of the periods of urban design and road
safety. Prior to the Second World War, the
traffic and transport system was organised
along social lines. The car enjoyed respect in
society, as did a mayor, doctor, lawyer and
teacher. Villages and cities were built for
cyclists and pedestrians and carts and wagons,
and speeds were relatively low compared to
current standards. The post-war reconstruction
period saw the rise of large-scale housing
projects in which quantity was key. More and
more people could afford a car, which became
a permanent rather than an incidental phenom-
enon during the 1960s. This had an impact on
the housing estates from that period and beyond,
with ever more attention being paid to motorised
traffic, and older neighbourhoods and areas
being adapted to accommodate this progress.
However, the 1970s also saw the downside of
what such progress could mean: increasing
numbers of traffic casualties and the negative
impact of motor vehicles on the quality of life:
exhaust fumes, noise and visual pollution.
Welfare and the yearning for a cosy, rural life
increased and urban neighbourhoods were
built with a rural character.

However, this development was countered in
the form of neighbourhoods with a more urban
allure and a clear structure [6.11]. In the most
recent plans, it appears that a balance has been
found between accessibility, safety and quality
of life, but only time will tell if this assessment
proves to be correct.

Developments over the years have made it
possible to determine from the street plan in
which period a housing estate was built [6.12,
6.13, 6.14]. The periods all have characteristics
that to one extent or another can be linked with
current views on road safety. It is possible to
make overall road safety recommendations on
the basis of generalisations, but the approach
is still customised. A differentiation has to be
made, however, in that road safety also has to
do with use and users; it is not solely dependent
on the spatial situation.

6.5.2 Historic centres (until circa 1850)

Historic centres have a dense, sometimes

chaotic, structure that is usually characterised by:

* an urban and small-scale system of streets
and spaces;

* fine-meshed, compact and dense
development;

* astrong functional mix;

* amixture of traffic types.

Another characteristic of historic centres

is that the history of their development can

be easily determined: they are usually located

at the junction of two roads or of a road

and river.




Advantages for road safety: the short distances
to destinations lend themselves to pedestrianised
zones.

Disadvantages for road safety: insufficient
space for contemporary notions; difficult
manoeuvrability for public transport and
goods vehicles; complicated situations.

In urban centres, there is usually little or
no room for children to play on the street.
Even in traffic-calmed areas, playgrounds
are thin on the ground.

Road safety approach: only possible to a limited
extent in conservation areas; construction of
traffic-free/traffic-calmed areas; guaranteeing
sufficient space for non-motorised traffic;
informal layout to indicate that motorised traffic
needs to adapt its driving style; an absolute
minimum of traffic engineering interventions.
These areas lend themselves to functional
mixing and, therefore, not to separation. Traffic
engineering alterations to these historic areas
demand customisation.

6.5.3 Building zones (circa 1850 to 1920)

Building zones are the layer-like peripheries

around the city centre that are usually charac-

terised by:

 wide profiles on arterial roads with amenities
on either side;

« relatively dense building blocks between the
arterial roads;

e station areas (train stations feature relatively
often in these peripheries).

Arterial roads (radials) designed as urban axes

are typical and often grafted onto older polder

roads.

6 spatial planning and the road environment

Advantages for road safety: houses are often
situated within walking distance of the city
centre; a ‘naturally’ clear distinction between
distributor roads and access roads.

Disadvantages for road safety: many and
dispersed crossing movements on distributor
roads; insufficient space for parking

on access roads, creating a chaotic

picture; occasional problems with bicycle
parking; little or no room for children to

play anywhere other than on the street.

Road safety approach: direct traffic onto the
radial roads while retaining the quality of life
and crossing facilities, making the most of
space in the areas in between. These neighbour-
hoods are often oriented around the old city
centre. It is sometimes possible to gear radials
to non-motorised traffic and to provide motor-
ised traffic with an effective alternative via
tangential connections.

6.5.4 Open building from 1920 to 1960
Peripheries around the city centre made way
for extensions that are largely based on a grid
system. In this period, a distinction was made
between pre-war areas (often characterised by
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a good quality of life) and reconstruction
neighbourhoods (built at high speed, often in
small, cohesive clusters of repetitive buildings).
The period between 1920 and 1960 is character-
ised by the focus on healthy living environments

through light, fresh air and space, usually

by means of:

e straight (sometimes plain) streets;

¢ monofunctional residential areas;

* moderately high-density low-rise buildings.
Advantages for road safety: traffic is spread
out; often sufficient room for children to play;
a flexible structure, so that streets can be made
traffic-free without too many problems and
reversal is also relatively simple.

Disadvantages for road safety: rat-run traffic;
wide and extended profiles; high speeds; parking
problems; occasional problems with bicycle
parking. Amenities are further away from the
homes.

Road safety approach: problem-driven
approach that often demands making the most
of the little space that is available, add quality
by differentiating within the grid system. In so
far as they are accepted by residents and local
businesses, clear infrastructure choices are
preferable to compromises.




6.5.5 The 1960s
The 1960s saw the rise of right-angled structures,
which were centred around idealistic progressive
thinking and (vehicular) accessibility. A key
characteristic is that the focus on light, fresh air
and space is implemented in the extreme by
using:
* agrid system with moderately high-density
high-rise buildings;
* monofunctional spaces and expensive
engineering structures (such as bridges
and tunnels);
e the rigid division of traffic types.

Mz

Advantages for road safety: short distances to
city centre amenities; different routes possible;
traffic is spread out.

Disadvantages for road safety: measures are
often expensive to realise; many streets with
through traffic; unmanageable division of traffic
unclear road network; many intersections and
hence points of conflict; long, straight road
sections; barrier effects and, in most cases, no
attractive alternatives for non-motorised traffic.

Road safety approach: introduce differentiation
into the existing grid; create non-motorised

traffic routes and thus drastically reduce the
number of roads with a traffic function.

6.5.6 The 1970s

In the 1970s, traffic liveability was the key

issue. This period is characterised by a focus

on the social cohesion of residential areas,

usually by means of:

¢ formless structures (‘cauliflower districts’
and courtyards), low-rise buildings with
enclosed spaces;

 narrow (or no) carriageways, short straight
road sections, short-cuts;

* home zones, sometimes very cluttered creative
design, relatively high paving density.

6 spatial planning and the road environment

Housing estates with a tree and branch
structure

Advantages for road safety: no through traffic
on branches; hierarchical structure possible;
short, straight road sections. There is usually
lots of green space between the courtyards and
there are safe playgrounds.

Disadvantages for road safety: relatively busy
traffic on branches; long distances for motorised
traffic; no alternative routes possible (problem
for detours and emergency services); requires a
relatively large amount of paving; poor orienta-
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tion; lack of clarity regarding the front and rear
of the house; little social control in the quiet
streets; courtyards often lack a good bicycle
network.

Road safety approach: differentiation within the
uniformity in buildings; improve orientation
(add co-ordination points, allow road surfacing
to indicate direction).

Housing estates with a loop structure
Advantages for road safety: little through traffic
on small loops; clear hierarchical structure
possible.

Disadvantages for road safety: busy traffic on
the ends of the loop; major differences in traffic
volumes on a large loop; straight road sections
on the primary loop; many intersections on the
distribution loop; moderate orientation; little
social control.

Road safety approach: improve orientation on
the small loop (add orientation points, allow
road surfacing to indicate direction). Force a
clear transition on the large loop between
intense traffic functions at the loop ends and
minor traffic functions at the rear of the loop.

6.5.7 The 1980s and 1990s

The 1980s and 90s saw the rise of more organ-
ised structures. This was an exponent of the
economic developments of the time: within a
rectangular structure, low-rise buildings could
be built easily, quickly and, most importantly,
inexpensively. Sometimes these structures are
manifest as residential streets with straight road
sections several hundred metres long, at other
times they are only visible from the air. Distribu-
tor roads were introduced as a structural element.
Sustainable Safety was introduced in the late

1990s, but was not always incorporated into
the spatial design.

Housing estate with a central axis
Advantages for road safety: clear, hierarchical
structure; good orientation.

Disadvantages for road safety: central axis
allows for poor crossing options; the axis has
a single profile but the traffic volumes vary
significantly; there is occasional through traffic;
the profile is often overdimensioned, with long,
straight road sections; public green zones are
usually oriented towards the road network
instead of to the houses.

Road safety approach: complete concentration
on the central axis, the ability to cross the axis
and the detailed planning of connections to
the axis. Residents often find the measures
contrived. The task is to create workable
connections between the areas that are separ-
ated by the urban axis.

Housing estate with distribution ring road
Advantages for road safety: no through traffic
within the ring road; clear, hierarchical structure.



Disadvantages for road safety: many roads
with a traffic function; busy traffic on ring
road; barrier effects, many detours.

Road safety approach: complete concentration
on the distribution ring road, the ability to cross
it and the detailed planning of connections to it.

6.5.8 Recent years

In recent years, the rise of project development
has meant that new housing locations have been
more strongly driven by market demands and
financial returns. The traditionally dominant role
played by municipal councils in such locations
has declined sharply, as has their influence on
the design of new housing locations.

Current housing estates are characterised by
their variation, with many good examples
displaying the balance between a clear structure
and enclosed character.

Advantages for road safety: everything ranging
from private courtyards to majestic boulevards,
Sustainable Safety is often incorporated in the
planning from the start, which means that few
(or no) physical speed reduction measures are
required.

Disadvantages for road safety: problems could
arise concerning the ability to cross the roads
and the detailed planning of the connections to
the main thoroughfares; the design is also
fairly inflexible.

Road safety approach: because these estates
have only recently been built, any restructur-
ing will only be considered at a later date.
Guaranteeing road safety will then demand
customised solutions more than ever.

6.5.9 Towards three archetypal
development locations
Roads and streets can be closed off depending
on the composition of the population. This is
useful if there are lots of small children and the
area surrounding the school requires more ‘dead-
end’ streets for them to play. A grid is flexible
and never hampers such a solution; in the case of
ring roads, courtyard structure and tree structure,
this solution is only possible by means of a
constructional and expensive intervention.

Given current design methodology, three

general structures can be distinguished:

e amain road with small autonomous
neighbourhoods emanating from it;

* apost-modern estate with circles and
squares, avenues and lanes;

* a grid of streets, avenues, boulevards
and paths [6.15].

Main road with small autonomous
neighbourhoods

The focal point in the estate is a main thorough-
fare along which smaller neighbourhoods are
positioned. These neighbourhoods have parking
bays to the rear of the houses and contain
autonomous cycle paths. It is a hierarchically
constructed traffic system with a separation of

6 spatial planning and the road environment
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vehicle types. The advantage of this system is
that it is a familiar model in many housing
estates that were built in the 1970s. It is a clear
system with roads for cars and bicycle paths and
footways. Due to the concentration of traffic
on the road, traffic in the neighbourhoods can
be minimised.

old radial

ring road

However, the disadvantages are that the main
road will handle a substantial amount of traffic,
much of which will exceed speed limits. The
main road will be difficult to cross because of
the tendency to overdimension this traffic artery
on account of the Noise abatement act: the more
distance between the road and the facade, the
lower the noise levels on the facade. In this way,
the main road often forms a barrier between the
neighbourhoods, while a significant amount of
space is wasted and the green zones are difficult
to manage and maintain. The system necessitates
a double infrastructure for cars and bicycles
(double surfacing, double public lighting).

Important aspects for road safety:

* Access system. A main road can effectively
regulate the driving behaviour of cars. High
speeds are technically manageable. However,
attention must be paid to bicycle and pedes-

trian crossing points on the ring road.
An excessive number of speeding vehicles
constitutes a risk.

* Separation of vehicle types. While this is
necessary on busier roads, the locations
where the difference types of vehicle
encounter one another again are dangerous
because motorists have gotten used to driving
without cyclists on the roads and have
become used to acting differently as a result.

* Overdimensioning. Overly wide roads and the
lack of spatial context encourage speeding.
This can only be prevented by road design.
Lack of spatial context makes the forced
reduction of speed illogical and leads to a lack
of understanding on the part of the motorist.

Housing estate with circles and squares,
avenues and lanes

There is a circular boulevard with a square of
avenues. By preserving a number of elements
and sightlines at prominent points in the environ-
ment, the area is given a new and recognisable
character. The advantage is that this produces a
lively map with striking and attractive forms.
The plan exudes innovation, but designing the
area presents a difficult challenge. Concentration
of traffic is possible.




The disadvantage of this structure is that it is
difficult to fit into the existing surroundings.
The access system looks like a ring road system
and is difficult to expand. The oblique and wind-
ing forms, circles and ellipses are no guarantee
for beauty, practicability or conviviality.
There is a relatively large amount of remaining
space that is difficult to model.

Important aspects for road safety:

* Access system. The boulevard and the
avenues are perfect as primary access roads.
The radial roads are perfect as bicycle
routes. However, attention must be paid to
bicycle and pedestrian crossing points on
the road. An excessive number of speeding
vehicles constitutes a risk.

¢ Separation of vehicle types. The circle is

ideal for separate lanes for cyclists and
pedestrians, particularly on busy roads.
The strict separation of cars and bicycles
will depend on the size of the neighbour-
hood. A mixed traffic system is possible
inside and outside the circle.

* Overdimensioning. Overly wide roads and the
lack of spatial context encourage speeding.
The boulevard and the avenues are perfect
for ‘spatial width’, as suggested by the
Noise Abatement Act. However, there is a
danger that the wide road is at odds with the
surrounding area with its residential function.
Encounters between cyclists, pedestrians
and cars have to be dealt with carefully
given the many junctions in the circular
boulevard.

Grid system

The area is a system of through roads and
paths. Larger squares that form small neigh-
bourhoods between which lie wider boulevards
and avenues. It is a clear system without separate
facilities for cars and cyclists. Diagonal paths
can be laid for cyclists and pedestrians.

The traffic system is linked to the existing
environment at a number of points. The grid
system results in a distribution of traffic.

6 spatial planning and the road environment

The disadvantage of this system is that problems
related to quality of life occur in many of the
neighbourhoods that are laid out in this way.
Moreover, the map is uninteresting and can give
the impression that, in conjunction with the
rectilinearity, this is the cause of the problems.
Cars have unrestricted access.

A key advantage is the simplicity with which
the neighbourhood is constructed. Costs are
low because there is maximum flexibility in
choosing plot sizes and because there is no
excess space. Both during development and
upon completion, the neighbourhood can be
easily modified or expanded. The ‘normal’
orientation gives the streets a classic image.
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Important aspects for road safety:

* Access system. The dense system of streets
and avenues allows cars unrestricted access
but the number of vehicles is ‘diluted’ and,
therefore, manageable. This arrangement is
perfectly suited to large residential areas
with low speed limits.

* Separation of vehicle types. A mixed traffic
system is perfectly acceptable within the
neighbourhood itself. Separation of vehicle
types may be desirable at junctions with

existing roads, depending on the type of road.

¢ Overdimensioning. The streets and avenues
between the residential neighbourhoods are
perfect for a broad spatial layout. Traffic is
distributed and can be included in the residen-
tial area. The dense network of streets and
paths results in multiple conflict points but
the distribution of traffic means that few of
them are serious.

6.5.10 And the future?

In the coming years, some areas will expand
further while others will shrink. Growth can
take the form of infill development in existing
urban areas. The question is whether these
existing areas are able to withstand such infill.
Road safety requires extra attention, especially
if the area is already relatively unsafe.
Another current trend is upscaling, which leads
to larger travelling distances and increased use
of cars; from aroad safety perspective, this
constitutes an unfavourable development.

6.5.11 Accident data per period
Neighbourhoods from the various urban design
periods display different accident patterns.
The grid systems from the 1950s, 60s and 70s
stand out in the negative sense, while there are
now also neighbourhoods with a grid system
that are relatively safe due to the attention that

was paid to road safety from the outset. The
introduction of 30 km/h zones appears to have
been good for road safety: there was a 45%
reduction in the casualty rate and hospitalisation
declined by over 30%. Although the introduction
of these zones was favourable for all periods,
there are certain differences [6.28, 6.29].

6.5.12 Villages

Road safety is also a point of attention in rural
areas, where problems are usually spread over
a larger area rather than a limited number of
points. Potential problems are compounded by
the fact that the possibility of implementing
measures is often limited. Safety gains are still
possible, but there is little in the way of specific
literature on road safety in rural areas compared
to research into road safety in urban areas.




Many small villages and rural centres have
developed over centuries and in that sense have
not been consciously planned to any great extent.
This is why the principle that traffic in rural areas
should travel on roads that were specifically built
for that purpose is rarely implemented. This is
also partly why it is often impossible to equip
rural villages in such a way that they conform
with Sustainable Safety guidelines.

On the other hand, communities in rural areas
are relatively close and residents and businesses
are more than prepared to help think about
(and sometimes even invest in) their own quality
of life.

This is why it is important to take the structure
of the road network into account in these smaller
rural centres, many of which mostly have
access roads and a few distributor roads with
through traffic. Key aspects for road safety are
the choice of location and the design of the
transition between the various speed regimes of
the different road categories. Because villages
are limited in size, there is little need for meas-
ures to be implemented to keep speed down in
the centres themselves.

6.5.13 Passages

A passage is an old national road through a
built-up area. Passages in built-up areas are
often flanked by shops and services as well

as homes. The basic principle of facilitating
traffic comes with the following consequences:
accidents; problems with noise, vibrations and
odour; residents feeling unsafe; disruptions

to living, working and shopping; and barrier
effects. The need for these through roads is
regional, in that they create a link within the
network, or because there are plans for a
diversion, et cetera.

The key to through roads in built-up areas is
taking the location and clarity of the area
boundary into consideration. Attention should
also be paid to the location and clarity of the
transitions between roads with a residential
function and roads with a traffic function.
There are generally three speed-regime strate-
gies for passages within the area boundary:
* afunction over the entire length of the road
(50 km/h);
e aninitial distributor function (50 km/h) and a
residential function in the centre (30 km/h);
* aresidential function over the entire length
of the road (30 km/h).
No matter how attractive it might feel to try
and make everybody happy (through traffic
versus local traffic), ambiguous solutions are
not what road users need. When designing
passages in built-up areas, the relationship
between through traffic or traffic flow on the
one hand and local traffic or barrier effect on
the other must be clarified. This is a design
problem in which urban design and traffic play
an equally important role.

This does not detract from the fact that it is
possible to choose a narrow road profile for

a traffic function that logically results in low
maximum speeds. It is also possible to guarantee
acertain level of traffic flow with the low speed
limits that accompany a residential function.
It must be made clear that the caris a ‘guest’ and
must accommodate other road users without
motorists having to stop too often [6.30 — 6.33].
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6.5.14 Ribbon developments

Ribbon developments place high demands on
the contribution made by traffic engineers and
urban designers. A ribbon development is a
road with a continuous narrow strip of build-
ings (often on both sides) that stand close to
the road. Ribbon developments are often old
and do not fit seamlessly into the three Sus-
tainable Safety road categories. The traffic
function and the residential function are at
odds with one another as well as constituting a

conflict of interests. This often makes road
safety problems difficult to solve completely.

Key recommendations here include: look at
the function of the road within the bigger pic-
ture, make a clear choice in terms of the func-
tion of the road (or part thereof) and decide
between two alternatives. As long as the road-
scape and the speed regime are not in balance,
other measures will have little or no effect.
Table 6.3 illustrates that ribbon developments
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Table 6.3. Differences between ribbon developments

- Ribbon development in

: Expanded ribbon
. polder (relatively) recent :
: : historical

development, partly

- Historical ribbon
: development

Length

- 2.8km

- 7.0km

- 4.8km

Spatial visual

spacious, straight;

. partially open;
. free-standing buildings;
. diverse businesses.

several bends; varied

- profile width; variable

: character; free-standing
. buildings.

. small-scale; conservation
. area; variable character;
. listed buildings.

. side roads relieve

varied profile width;

Spatial - several mild speed-
functional reduction measures; ribbon; cycle path at border strips; bus stop
: narrow verges; narrow : businesses; localised . on carriageways;
- cycle paths; unrestricted : pavements; speed- . unrestricted parking.
. parking. . reduction measures; :
: . parking facilities.
Future : no expansion of ribbon : extra access from : possible motorway link.

: development or
. surroundings.

. distributor road of new
. housing estate.

Traffic policy

: small traffic volumes;

. high speeds; little
* rat-run traffic; diversity
: of vehicles.

. moderate traffic

. volumes; variable

. speeds; local traffic;
- school route.

: slight traffic volumes;
: agricultural traffic;
. coaches.

Traffic
unsafety

primarily subjective.

moderate accident
- pattern.

not particularly high;
- subjective road unsafety.



can vary significantly, thus making it impos-
sible to apply one approach to them all [6.16].
A ribbon development demands an intensive
collaborative process between politicians,
experts from other disciplines and residents,
which results in a customised design.

6.5.15 Recommendations for urban structures
There are fewer possibilities to implement spa-
tial measures for existing urban structures and
traffic engineering measures may, therefore,
become inevitable. If the ambition to provide
high levels of road safety everywhere is unrealis-
tic or infeasible, it is important to ensure at the
very least that key connections are safe.

Plans for new developments must be based on an
urban structure that fits into the spatial situation
and the expected need for mobility. Both
strengths and weaknesses need to be anticipated,
which means:

* maximum use of the strong aspects of the
urban structure;

» optimal prevention of potential problem
points and, if that is impossible, minimisation
of the volume and severity of the problem
points.

This can be achieved by:

¢ Carefully connecting to the existing buildings,
also in terms of safe access to cross-district
amenities.

¢ Paying attention to running lines and
natural structures.

 Preventing through traffic in residential
areas.

* Opting for large-scale residential areas
(upto 1 x 1 km) and a coarse-meshed structure
of traffic arteries (distributor roads).

Opting for a minimum length of traffic
arteries within the residential area.

Focus on minimisation of barrier effects

or unavoidable traffic arteries.

Ensuring a clear contrast between traffic
arteries and residential areas in terms of
design, function and use when traffic arteries
transect residential areas. By enabling a
distributor road to branch off to multiple
equivalent access roads, a natural

contrast in traffic volume can be created.

In this way, traffic from a busy distributor
road can branch off to several quieter
access roads. Distributor roads in a
residential area must be as short as possible.
Connecting to the primary public transport
structure, paying particular attention to public
transport routes through and (preferably)
around the residential area, with further
attention to social safety at bus stops.
Aiming to have amenities located close

by (such as shops and other facilities as well
as public transport).

Orienting functions that attract heavy or a

lot of traffic to the edge or the entrance of the
residential area.

Separating functions that attract a lot of traffic
with a water feature or solid partition from the
residential area, thus preventing an overspill
of (parking) problems to and unnecessary
traffic in the housing estate.

Clustering area-specific amenities and other
functions for residents where reasonably pos-
sible. Safe access to these clusters for all
modes of transport must be considered from
the outset.

Enabling possible variations in building den-
sity to have a positive impact: smart orienta-
tion of densities can minimise the total number
of kilometres by cars in residential areas.
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* Ensuring a safe layout at street and neigh-
bourhood levels.

* Ensuring sufficient playing areas for every
age group in the immediate surroundings.

* Ensuring a socially safe alternative to routes
that are not socially safe.

¢ Involving residents, where possible, in the
planning process at an early stage [6.34 —
6.40].

6.6 Outside the built-up area

On roads outside the built-up area, it is key to
make sure that road users know what is expected
of them. This can in part be realised through
traffic engineering measures, but perception of
the landscape also plays arole. It is important to
ensure that the speed regime (or traffic function)
and perception of the road and the road
environment are mutually reinforcing. This
can be achieved by having the traffic engineer
work closely with the landscape architect to
draft a collective script, which introduces shifts
in decor and their layout. This leads to mutually
empowering area-specific and universal
measures [6.17]:

* area-specific measures such as tree-lined
lanes, planting, reliefs, buildings, transition
to landscape;

* universal measures such as roundabouts,
speed humps, road markings, public lighting
and other traffic engineering measures.

Sometimes there are conflicting interests in
existing situations between traffic and the
perception of the landscape, for example when
trees are too close to a traffic artery. In that
case, the obstacle-free zone is too small, which
means that the road has insufficient forgiving-
ness in the event of a collision. However,
felling the trees is not an option because

that would seriously harm the landscape.
Mitigating traffic measures can be applied in the
short term but these must not be seen separately
from a long-term solution [6.22, 6.42].

6.7 Public space and road safety in
detail

The previous sections discussed the first
cascade, dealing with urban and rural planning,
urban design and road safety at structural
level. This section will deal with public space
in more detail, with particular attention being
paid to residential areas. In the design of public
spaces, there is a clear connection between the
effect of urban design and road safety, which
is the aspect of spatial design that focuses on
creating a safe living environment. This section
and the next section on Shared Space belong
to the second cascade.



6.7.1 The overall picture counts

When designing squares, streets and avenues,
there has to be a logical connection between
buildings and space, urban design and traffic
engineering. The end user experiences space
as an overall picture consisting of a spatial
image, the activities that take place there, and
the traffic engineering image. It is possible to
shape the space and steer driving behaviour in
the desired direction using buildings, planting,
public lighting and, if necessary, roadside
fixtures.

6.7.2 Safe distributor roads

In the Sustainable Safety approach, a traffic
artery has a dual character. Intersections, like
access roads, require the safe interchange of
traffic at low speed. On road sections, the flow
of traffic is key and safety has to come from

a separation of fast and slow vehicles.

The specification of distributor roads demands
extra attention whenever the same public
space also has strongly structuring elements
such as bus or tram lanes. Striking a balance
between adaptation and incorporation is one of
the most important urban design issues.

Sustainable Safety’s intermediate category

— the distributor road — also demands cus-
tomisation in design. The distributor road’s
potential road unsafety increases the necessity
for a good design. Special measures are
required, particularly in terms of speed and
separation, because the road is used by multiple
road user categories.

Most importantly, the design of distributor
roads must differ in every respect from the
design of access roads and through roads.

‘Grey roads’ is the collective name for roads
with characteristics of both distributor roads
and access roads, which, within the built-up
area, were often the old district roads or local
access roads. After categorisation according to
the principles of Sustainable Safety, grey roads
should be in a 30 km/h zone, but that requires
their complete reconstruction; the ‘simple lay-
out’ is insufficient in this situation.

However, reconstructing grey roads into true
distributor roads is a drastic and expensive
measure as well as a difficult one from a spatial
point of view. Temporary measures can be
implemented to minimise bottlenecks by
enforcing a maximum speed limit of 50 km/h.

The traffic engineering consequences of
distributor roads are discussed in chapter 7
on infrastructure.
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6.7.3 Low speeds in residential areas

In terms of both accident prevention and limiting
the consequences of accidents, road safety in
residential areas benefits from low speed levels.
For the environment, low speed levels come
with less objective road unsafety and less
nuisance. In many cases, the subjective road
unsafety also decreases. Moreover, it is also
possible to respond to unexpected situations at
low speed and to have better eye contact with
other road users. This is explained further in
both chapter 1 on theory and chapter 11 on
risk-enhancing behaviour in traffic.

It is erroneously assumed that speed is key to
the accessibility of residential areas. Travel
times change relatively little, because it is the
lowest speeds rather than the highest speeds
that determine average speed. In a residential
area, it is inevitable that drivers will be forced
to slow down and accelerate again, meaning
that the maximum speed has little influence on
accessibility. Furthermore, most journeys are
short. Similarly, the argument that low speeds
undermine the capacity of the road is also
incorrect with regard to residential areas
because capacity is determined by junctions,
where speeds are almost always lower.

In addition to speed, space for pedestrians
(pavements) is also important in making vul-
nerable road users and playing children feel
safe. In home zones and on cycle streets, cars
are guests, while roads in a 30 km/h zone are,
in principle, for traffic.

In creating a spatial design, it is important to
see man as the measure of all things or to focus
on the end user. It is also best not to overdo
things to influence the behaviour of road users.
On the one hand, the layout of a residential

area should not be too restrained. In many cases,
a 30 km/h sign is not enough to enforce motorists
to adhere to the speed limit in residential areas,
and more is required to make residents feel safe.
On the other hand, however, the area should
not be jam-packed with speed humps and other
techniques designed to slow traffic. Both pas-
sers-by and residents can construe this as dis-
criminatory against cars.

To find the right balance between ‘too
restrained’ and ‘discriminatory against cars’,
it is important to enforce the desired traffic
behaviour in a logical manner or to make it
obvious to the road user. There are different
ways of making low speed levels obvious to
road users:
* Visual means:

- the layout must explain what is happening

and what can happen.
e Psychological means:
- make the motorists feel like they are
guests;

- invite pedestrians to behave informally;

- eye contact;

- non-traffic-engineering measures.
* Social means:

- support;

- involvement.
* Physical means, as a last resort

(= admit failure):

- speed humps;

- raised junctions;

- staggered junctions;

- chicanes;

- etcetera.
* Legal means: the home zone act and

30 km/h regulation.



Table 6.4. Effect of buildings on speed

Speed reduction

Buildings far away versus empty plot 20%
Buildings nearby versus empty plot 30%
Buildings nearby versus far away 15%
Buildings on one side versus empty plot : 25%
Buildings on one side nearby versus buildings on both sides nearby 7%
Lowe-rise versus high-rise : 0%
Central reservation versus no central reservation 0%

It should be noted here that a good design works
for most road users, but not for all. The design
must provide space for vulnerable road users,
also if they cannot always display the desired
behaviour due to, for example, a disability.

It is reasonable impossible to discount malad-
justed behaviour completely through the design
of a spatial situation. Although a residential area
must, in principle, be ‘self-enforcing’, a small
percentage of road users will continue to display
maladjusted behaviour.

6.7.4 The effect of buildings

Research has substantiated what is intuitively
logical: the design of the traffic space — the
characteristics of the road and the road
environment — influences road user behaviour.
The presence of buildings, for example, has a
marked effect on speed: in undeveloped areas,
speeds are on average 20% higher than in
built-up areas, irrespective of whether the
buildings are high-rise or low-rise.

If the distance from the building fronts to the
road is relatively small, speeds are generally
reduced. In terms of the impact of building
distances, it is immaterial whether there is a wide
central reservation or not. This is illustrated in
table 6.4. These effects are strong and not
dependent on personal factors such as driving
experience, number of kilometres driven
annually and tendency to speed [6.43].

6.7.5 Legal frameworks
The call for liveable residential areas prompted
the creation of the home zone act in 1976,
which made it possible to design streets in
such a way that motorists had to adapt to
pedestrians and playing children. In 1988,
the home zone act was changed. The basic
principles stayed the same but the possibilities
became much more expansive. A home zone
is the collective name for home zones, village
estates, shopping areas and school zones. This
change also saw the introduction of a new traffic
sign. It is stipulated that within a home zone:
* pedestrians may use the entire width of a road;
e drivers are not permitted to exceed walking
pace (15 km/h);
* motor vehicles are only permitted to park
in spaces that have a P-tile or P-sign;
* vehicles adapted for disabled drivers or
vehicles with a disabled badge are exempt
from the above rule.

Designing a 30 km/h zone requires customisa-
tion and is bound by rules and regulations. All
road authorities must determine for themselves
whether the design meets the implementation
requirements stipulated in the Administrative
provisions (road traffic) decree (BABW).
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The maximum speed limit to be introduced

has to correspond with the in situ roadscape.

This means that, where necessary, the circum-

stances have to be adapted in such a way that

the intended speed reasonably ensues from

the nature and layout of the road and the

road environment.

Every road within the area concerned

primarily has a residential function.

The road and the road environment must,

where necessary, be modified to prevent

the residential area from being affected by

relatively high traffic volumes.

In terms of speed management and

increased attention levels, extra attention

must be paid to potentially dangerous

locations such as:

- places where pedestrians, particularly
children and the elderly, cross the road;

- intersections with a primary cycle route
and separate bus lanes.

The transition to another maximum speed

limit must be clearly recognisable from the

layout of the road. If the transition to a higher

speed limit lies within twenty metres of an

intersection, right-of-way is regulated via

traffic signs or an exit construction, unless

the intersection can be incorporated into

the area.

6.7.6 Recommendations for residential

areas

The following recommendations can be made
for the specification of public spaces in resi-
dential areas [6.18]:

All road users must be able to see from the
road and the road environment what is
required of them in terms of their behaviour:
Sustainable Safety.

When entering a residential area, low speeds
should be enforced by means of a conspicu-

ous, self-explanatory and effective method.
This can be a formal exit construction or an
informal arrangement with road narrowing
measures.

In residential areas, cars are equal to every
other vehicle and mutual respect is a must.
Social behaviour is key here: road users
must be able to have eye contact.

Places with lots of pedestrians (schools,
cafés, library) must be given priority.

Care must be taken when choosing the
types of trees, public lighting, fixtures and
suchlike. Short cuts and diagonals for non-
motorised traffic are desirable.

The use of the space must be self-evident,
paying attention to the location and connecting
to existing features. The design must fit into
the surrounding environment, without the
need for severe measures. A good design is
inconspicuous.

Use non-standard situations to the area’s
advantage (such as cattle grids as a speed-
reduction measure).

Where possible, desirable driving behaviour
must be achieved through architectural
choices such as rhythm, colour, gate function,
et cetera.

Traffic engineering measures such as speed
humps must not be introduced too hastily.
If they are at all necessary, they should

be placed at possibly unsafe situations.
Irritated motorists are not the safest of

road users.

At infrastructure level, attention must be
paid to the wishes of the residents and the
users of the design: involvement leads to
acceptance.

The materials to be used should be chosen
carefully: good quality and sustainable.
Fashionable solutions are soon outdated or
no longer functional. Measures must fit



into the surrounding environment.
* Details are important. They are the basis
on which residents judge designs.

If it is not feasible to take an integrated
approach to an area, the least that should be
done is to ensure safe routes for non-motorised
traffic, children and the elderly between the
key amenities such as school, shops, play-
grounds, green zones, sports fields and sport
halls, public transport stops and cafés.

In addition, the safe route must also be linked
to cross-district amenities [6.44, 6.45].

6.8 Shared Space

In the past, public space was not always evenly
structured, with the living environment being
harmed by objectives that concentrated on
through traffic.

Shared Space is a concept that focuses on the
multifunctionality (and thus the relationship
between road safety and the surrounding
environment) of public space. In this vision,
public space is primarily a space in which to
live, organising residential space as people
space rather than as traffic space. Public space
can accommodate various functions that are
considered socially important.

6.8.1 Space and behaviour

In terms of Shared Space, public space with a
residential function must invite social behaviour.
The road user must be able to tell from the
characteristics of the road and the road
environment which behaviour is appropriate
and required. The aim is to encourage interaction
and facilitate eye contact. It is assumed that in
situations where people are allowed to negotiate
the right of way, speed will automatically

be lower. It is also assumed that if a person

demands respect from another road user, that
this person will have to show respect in return.
The essence is not to try and eradicate the
feeling of unsafety, but rather to use it to best
effect. Feeling unsafe is useful. Monderman
translates this in the motto ‘Better chaotic than
pseudo-safe’ [6.19].
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According to Shared Space, traffic, residential
and other functions must be in balance. Where
possible, functions must be combined rather
than separated as is often the case in current
design practices.

Shared Space anticipates the character of the
road, the intersection, the buildings and the
surrounding area in order to make the road
more attractive and safer. The approach
employed by Shared Space offers possibilities
for respecting and even emphasising the
cultural history of a particular place [6.20].

Given that traffic is mixed, the isolation and

separation of traffic types on roads with a resi-

dential function is not an option. The 30 km/h

or 60 km/h speed regime must be clear and

self-explanatory. This includes:

* mixing (mostly) and fitting in;

* using a minimum of traffic engineering and
artificial objects;

* using coloured asphalt instead of grey/
black;

* conscious choice of public lighting and
lamp posts;

* encouraging eye contact between road users.

Issues that need to be avoided include noise
barriers, roads with multiple lanes in both
directions, contrived traffic regulations,
conflicting information, confusing situations.
The ‘slow’ network can only function if there is
a ‘fast’ network; the fast network is the focus of
for traffic engineering layout and control.

In practice, it can be a problem to guarantee the
interests of the most uncertain and vulnerable
road users; Shared Space assumes self-aware
and self-assured road users and sometimes
requires additional measures for this group,
such as a zebra crossing in front of a care home.



Behaviour according to Shared Space

Itis possible to represent residential behaviour, social traffic behaviour and technical/legal behaviour
in their mutual relationships. This yields the following picture:

Comparison of
behaviour in
residential and traffic
spaces [6.57]

Characteristics of
behaviour

Orientation

Movement mode

Speed

Predictability of
behaviour

Relation to others

Gear personal
behaviour to

Behavioural context

Determinants of
behaviour

People as focus

Signals from
the environment

Residential behaviour

Multiform and
pluralistic

Unspecific

Unfocused

Up to 30 km/h

Largely unpredictable
Varying from no
interaction to intensive
interaction

People and physical
environment as a whole

Society

Autonomous and
through social
conventions

Signifies autonomous

development

Landscape, design
of public space

Social traffic
behaviour

Pluralistic

Specific

Semi-linear, partly
coded

Up to 60 km/h

Limited predictability

Eye contact

People

Society

Autonomous, social
conventions and basic
traffic requlations

Signifies human social
factor in traffic
behaviour

Landscape, design of
public space and
contextual references

Technical/legal traffic
behaviour

Uniform

Specific

Linear, coded

Largely predictable

None

Vehicles and traffic
engineering
environment

Traffic engineering
and legal system

Determined by
government,
juridified

People as weakest
factor in traffic system
requiring protection

Observation,
traffic engineering,
traffic signs and
instructions from
official authorities
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6.8.2 Shared Space in a process-oriented
perspective
In the Shared Space concept, politicians have
to develop a vision of the environment for the
citizens whose interests they serve. This
makes the choice between a residential space
with shared use of space or a traffic space a
political one. On the basis of this choice,
public space must clearly indicate the desired
behaviour. The Shared Space process can be
characterised as follows:

In table 6.5, Shared Space follows the diagonal
in order to realise a dual quality: spatial quality
(upper left cells) and democratic quality

Table 6.5. Shared Space process

: The administration

(lower right cells). The way in which the end
product is achieved is at least as important
as the end product itself [6.21, 6.22].

6.8.3 Shared Space and Sustainable Safety
Shared Space connects seamlessly with Sus-
tainable Safety in residential areas. However,
opinions are divided on the question of
whether, to what extent and how the concepts
of Shared Space are also applicable to dis-
tributor roads. This will probably remain the
case as long as no large-scale evaluation of
Shared Space in this type of situation is per-

formed [6.45 - 6.47, w6.1].

: The design

: The implementation

Vision Gives the instructions Sustainable designs. Obijective of
: People space or traffic  : Social behaviour versus : technology as a tool.
: space. . traffic behaviour. :
Working . Holistic. . Creativity. : Co-operation within
method : Empowerment and . Co-operation with other : the organisation.
* participation. Vision - disciplines. * Creativity.
: provides direction. : Communication.
Tools Process skills. Participative design Choice and placement

- methods. Insight into
 relationship with other
. disciplines.

- Communication

: methods.

- of materials.
: Using new materials.



6.9 The importance of effective
co-operation

The contrast between urban designers and
traffic engineers is often pointed out. If such

a contrast exists, it may be down to the way in
which these experts are trained: urban designers
from the design and social perspective, traffic
engineers from a technical perspective.

An important difference is that traffic engineers
and urban designers usually work in different
departments in government and consultancies.
This can result in less consultation and co-
operation, and where this does occur, there are
often discrepancies in terms of the level of
thinking.

Road safety is seen as the area of expertise of
traffic engineers. Yet attention to road safety
has been around longer than traffic engineering,
which developed as a specialist field within
civil engineering. The development of plans
for streets and roads became more complicated
as aresult of increased vehicle use and the
need for mobility. In turn, civil engineering
and then traffic engineering became part of an
organisation that focused on the design of
public space. Many cities and villages had an
urban architect who regarded and designed
public space as a single entity. Nowadays,
only a few municipal councils have a dedicated
body that is responsible for the overall design
of public spaces.

In 1963, Buchanan’s study ‘Traffic in Towns’
was published [6.39]. This extensive study
established for the first time the relationship
between car traffic in a city and the quality of
the environment, and specified the mutual
influencing of accessibility and the requirements
of the environment. It explained in brief that
the better the accessibility for cars, the worse

the quality of the environment. Buchanan was
the first to propose a division of public space
into traffic and residential areas (‘corridors and
rooms’), distinguishing between living, work-
ing, recreation and traffic.

6.9.1 Interdisciplinary approach

‘Everyone involved in designing a portion

of public space must be aware that it has an
influence on public space as a whole’. This is a
quote from ‘Verkeer en stedenbouw, samen
een kunde apart [Traffic and urban design,
together a unique field]’ [6.56], a publication
that expresses the fear that traffic engineers
and urban designers fail to create plans
together. The authors state that traffic aspects
and roads in cities and villages are just one
part of the bigger whole of public space. They
prefer combining the knowledge and experience
of traffic engineers in interdisciplinary teams,
which would contribute to the effective function-
ing of an urban area. Such an interdisciplinary
approach requires that rules and standards be
formulated first. What are the legal frameworks
(administrative provisions)? Can new juris-
prudence be developed? In order to work on a
collective recommendation, both disciplines
must be prepared to work together, comple-
mented by the other players in the field, such as
landscape architects, experts who are familiar
with the needs of children and experts on
listed buildings[6.48].
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6.9.2 Formal co-operation

Co-operation between spatial disciplines and

traffic engineers can be formalised in a project

group, which can take two organisational forms:

« if the disciplines in the project group function
on an equivalent level, this is known as a
horizontal organisation;

« if traffic planning is part of spatial planning,
this is known as a vertical organisation.

A study of fifteen projects showed that nine
were horizontal and six vertical. In the projects
with horizontal organisations, no unsafe designs
were observed in any of the locations. This was
not the case for those with a vertical organisation
—in which traffic was organisationally subordin-
ate — with four of the six locations being seen as
having an unsafe design.

The following recommendations are given for

effective formal co-operation:

¢ Create optimal preconditions for co-operation:
- appoint an independent project leader/

process manager;

- organise the project group horizontally;

- do not start with the development of a plan
before the ambitions, preconditions, plans
and decision-making moments are clear.

* Timely agreements on the integration of
spatial disciplines, traffic planning and traffic
engineering:

- careful choice of project leader;

- interdisciplinary composition of team;

- interdisciplinary working method.

The project leader responsible for content and

the project group are together responsible for

content integration.

» Use concepts to gain an insight into the
other’s area of expertise:

- joint approach to the design process;

- joint terminology and language.

* Continue to work in a project-oriented
manner.

* Maintain short lines between the project
group and the steering group [6.23, 6.24].

6.9.3 Informal co-operation

Informal co-operation appears to be the best

way of enabling spatial experts and traffic

engineers to work on an integrated design for
public space. Informal collaboration demands

a good relationship, which, seeing the precon-

ceptions each has about the other, should not

be taken for granted.

* Preconceptions some urban designers have
about traffic engineers include: they think too
‘mechanically’ and work on a pseudo-science,
they are difficult and most certainly lack
creativity. Traffic engineers often rely on
the certainty of technology. These urban
designers see themselves as creative,
focused on the big picture, and able to think
in terms of themes, concepts and metaphors.

» Preconceptions traffic engineers have about
urban designers include: they place their
own truth above that of the end user and pay
little attention to guidelines and legislation.
These traffic engineers consider themselves
to be result-oriented and able to think in terms
of quantity, functionality and standards
[6.25, 6.26].

In so far as there is some truth to these carica-
tures, the challenge facing traffic engineers is
to work more contextually and integrally and
to put things into perspective more, while the
challenge facing urban designers is to open
their minds to other disciplines.

Effective informal collaboration can be based
on coaching. Urban designers are then
coached by traffic engineers and the traffic



engineers are required to show a genuine interest
in how urban designers think and see things.
The traffic engineer’s input anticipates the aims
and interests of the urban designer. After all,
with their knowledge and experience, traffic
engineers can indicate how traffic and traffic
measures can contribute to the functionality of
a village or city. Guidelines are employed as
tools and not as crowbars. The urban designer
and the traffic engineer each fulfil a complemen-
tary role in this approach.

Professionals and their perspective on road safety

In this way, the traffic engineer creates leeway
within the relationship, which, at the same
time as clarifying their own objectives, they
can use to exercise influence on the urban
designer without there being any hint of a for-
mal power structure. The collaborative rela-
tionship can be shaped in collective work-
shops as well as through explanation and
discussion. The traffic engineers and urban
designers can then coach to manage and direct
a project, which is more effective than having to
repair the damage after the fact [6.49].

Various perspectives on road safety are connected to the role that someone assumes. Each perspective
has an individual language and a characteristic view of road safety and road unsafety. The perspectives
are generally complementary, but they can also sometimes conflict with one another.

Perspective: Is focused on:

Expertise Expert knowledge

Project leader Logic and progress

Politicians/manage- Decisions and actions

ment
Lawyer/process Formal interaction
manager

Road user/end user Feeling, factual
interaction

Strategist Image

Has repercussions for:  Accompanying terms:

Product and subject
content

Holistic, consistency

Project plan, planning
and investment

Time, money, effort,
quality, yield
Choices and priorities Ideals, norms/values,
decision-making

Process and justice/ Playing field, rules,

legislation interaction
Empathy and experi- Support, marketing,
ence imagineering

Organisation and
orientation

Development and self-
learning ability

Success in terms of road safety, therefore, demands more perspectives than merely that of expert
knowledge of road safety. The various perspectives on road safety must be similar and strengthen

one another where possible.
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Taking a process-oriented approach to road safety

Irrespective of whether a measure is specifically intended for road safety or for another
purpose, it is important to get and retain an image of road safety during the process.
This necessitates the following points of attention:

e create a sense of urgency;

e forge coalitions with other parties;

e generate short-term successes and make the most of them;

¢ consolidate improvements before introducing further changes.

Wish
(or problem)
of end user

Work
determines organisation

working process
determines

elaboration

. of content
determines

Every wish (or problem) begins with the end user: the road user or the person who suffers
inconvenience from road users. It is important that the wish or problem is properly substantiated.
After all, this is the basis for the choices that are made about which organisation is to be
established to realise the wish or tackle the problem.

The choice of organisation is of the utmost importance because it determines to a large extent
the perspective chosen for the solution and thus the required budgets. The organisation is
largely composed of different parties with different interests. An organisation must have
someone with sufficient opportunities to control the process who will take final responsibility.
The organisation, in turn, determines the working process.

Likewise, the working process determines the way in which information is exchanged,

who takes decisions and when, etc. In addition, the working process also sets preconditions
such as lead time and budgeting. It is worth anticipating disruptions in the process. Much can
be achieved by employing risk management — even in its simplest form — and quality assurance
to manage the working process. The working process also determines the equilibrium in the
composition of measures to be taken (surroundings, infrastructure, education and traffic
enforcement), the spatial scale level being introduced, the target groups, et cetera. Thus, the
working process determines the effect in terms of content.

Itis important to realise, therefore, that the effect in terms of content is the result of the three
previous phases. Looking at it this way, a significant amount of information is already fixed at

the point when the effect in terms of content is reached. But given that this effect is often the

only thing that the end user sees, this remains the most important aspect in the end.



6.9.4 Finances and preconditions

It is important to determine budgets and other
preconditions before effective co-operation
can take place between the spatial disciplines
and traffic engineering. These determine a lot
of the elements of the planning process. It should
be noted, however, that if the budget is too low,
this impacts on the design. Conversely, if the
preconditions are good, this is not necessarily
a guarantee that the planning process will be

a success.

6.9.5 Process technology

Process technologies facilitate cohesion between
the spatial and traffic engineering disciplines.
Some process technologies are aimed at the
(re)development of areas and are focused on the
long-term, such as local traffic performance
and regional traffic performance (LTP and
RTP respectively). This approach requires that
both the planner and the urban designer play
an active role. The aim of LTP and RTP is to
make the preferred choice of transport the
most obvious for the user by means of well-
considered (urban) planning. What that optimal
transport choice is depends on the strengths

of the different modes of transport: for short
distances, walking is unbeatable, for longer
distances, the bicycle is a good alternative,
and for long journeys, the car competes with
public transport as the most viable option.
This results in ‘reverse designing’: not from
coarse to fine, but from fine to coarse. Apply-
ing these process technologies often allows
improvement of the quality of life and safety
without compromising accessibility, while
reducing energy consumption by traffic and
transport. Other process technologies focus on

utilising the transport system, such as network
management or the area-based approach.
These process technologies can also have

a beneficial effect on eventual road safety,
which is why it is best to explicitly consider
the consequences for road safety in such
processes [6.50, 6.51].

6.10 Putting the resident first

End users or residents are the binding factor
between the spatial and traffic engineering
disciplines. Public space belongs to everyone.
If there are no residents (yet), it is important
that the planners put themselves in the shoes
of future residents by posing such questions as:
¢ How, where and when will the new residents
be travelling?
* Are there sufficient amenities in the area?
* Is the estate suitable for every mode of
transport?
* [s the estate suitable for every lifestyle,
age group and people with disabilities?
This is referred to as the PME check: People,
Mobility and the Environment [6.27].
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If there are residents, it is useful to invest in

participation. There are different forms of

participation, including:

* (public) enquiry: citizens can choose from
different alternatives;

* initial involvement/participation: helping to
think about solutions to problems;

 open planning processes: helping to think
about identifying problems.

A clear and concrete problem definition or

ambition must be formulated first. Further-

more, it must be clear from the outset what

people can influence. The possibilities for

residents’ input are usually greater for access

roads than for distributor roads.

It is also important that communication is

conducted carefully and with parity.

The advantage of participation is that citizens:

¢ know the area better; it is useful to benefit
from their knowledge;

 getan insight into the considerations made
by planners, which contributes to a better
relationship between local authorities and
resident and to support from within the
community;

e are more inclined to invest as a result;
* feel committed to the plans that they helped
to create.

Participation is often a time-consuming
investment that is subsequently recouped.

It is considerably easier to revise plans before
they have been carried out.

In addition to participation in large-scale
plans, small experiments are also useful. In
this way, urban designers and traffic engineers
can retain close links with residents in a new
housing estate after the estate has been com-
pleted [6.52 —6.54].

Where residents are concerned, children and
the elderly deserve extra attention because
they are the ones who use public spaces the
most. In a child-friendly design, car use and
ownership is no issue as long as it does not
interfere with the development opportunities
of children. Playing outside must begin at the
front door. Children must be able to gradually
extend their radius of action over safe pavements
and crossings to their friends and playgrounds.

Table 6.6. Different interpretations of speed

Motorist . Objective speed 12-year old child
| am almost . 15km/h, Normal speed
stationery, : walking on the bicycle
very slow : pace
Slow : <—30kmh —> Quite fast, | can’t

: cycle that fast
Normal <— 50km/h —> Another world, not

mixing, very careful
when crossing, preferably
at a zebra crossing,
collisions are fatal



Cycling is very popular in the Netherlands and
gives children a wider radius of action. It is
especially important for children on bicycles that
they have nothing to fear from other vehicles.
Children experience speed differently from
motorists. Table 6.6 illustrates the various
interpretations of a particular speed.

In child-friendly designs, urban streets are
inviting and sufficiently safe for children,
who must be able to play. The challenge facing
the designer is to create a reasonable balance
between traffic and the interests of the children.
This does not mean that every street must be
suitable for people of all ages. Children are
able to handle more and more complex traffic
situations during their development through
primary school.

Safe mobility is a basic right, irrespective of
age or mode of transport, also for children who
are playing, walking or cycling.

Research is currently being conducted into
the extent to which the terms child-friendly,
‘design for all’ and design for all ages go
together and where other infrastructural
requirements surface at detailed level. The old
attempts at a ‘design for all’ approach were
primarily focused on accessibility for people
with a physical handicap (focus on wheelchairs,
rollators, mobility scooters and suchlike).
Design for all ages appears to focus pre-
dominantly on being ‘elderly-friendly’ [6.55].

6.11 The final phase: view to
implementation and management

Notwithstanding the good intentions of all
concerned, there is always the chance that
something will go wrong in spatial planning.
Effective implementation is not a matter of
course. Actively guaranteeing the quality of a
design in the implementation and management
phases demands the effective transfer of the
plans and evaluation of whether the plans are
implemented correctly. This is why some
respected designers demand that they be
allowed to supervise the implementation

of the plans.

If a design is properly implemented, the road
authorities have to continue to guarantee its
safety level. The designer and the road author-
ities must be able to liaise quickly and easily
in the event of deficiencies in terms of road
safety —which is not always as easy as it sounds.

6.12 Summary

The two most important related areas of expert-
ise in terms of road safety are urban and rural
planning and urban design. Spatial planning
and urban design can boost road safety, but
not without potential problems occurring. All
told, the environment in which road users find
themselves plays a key role in their behaviour.
Each architectural period provides its own
characteristic opportunities and poses its own
threats to road safety. But careful planning and
architectural choices enable active orientation
on road safety.

One tendency that concentrates on the inter-
action between road users and their behaviour
is ‘Shared Space’. If its insights are correctly
applied in residential areas, road safety will
improve naturally and as a matter of course.
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In a planning process, content is not the only
thing that is relevant — the process of arriving
at a solution is also key: the way in which
co-operation between the various disciplines
is guaranteed and the way in which interaction
with the residents occurs. Finally, it is important
that all partners are on the same wavelength.

The main message in this chapter is that effec-
tive preconditions for road safety are possible
by employing a spatial approach, on the condi-
tion that the various disciplines have a mutual
and sincere interest in the other’s area of
expertise.
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7 Infrastructure

7.1 Introduction

7.1.1 Preventive/proactive approach:
Sustainable Safety
Sustainable Safety focuses on making it more
difficult to make mistakes or offences in traffic
or to absorb their consequences by taking
human dimensions into consideration when
creating the traffic system.
First and foremost, the surrounding environ-
ment, including the road and the vehicle, must
be in line with what humans can do, as well as
offering support and protection. In addition,
people must be well prepared for the traffic
task through information and education, and
the safety of their traffic behaviour must be
assessed [7.1]. In terms of realising a road
infrastructure, this approach is a preventive one.

No-one is immune to accidents. Everyone
makes mistakes at moments when their guard
is down. In most cases, the consequences are
not serious because such mistakes only lead
to accidents if other conditions at that location
and that moment are unfavourable as well.

A mistake, therefore, is usually limited to a
conflict or near-accident. The chances of making
a fatal mistake are greater if traffic regulations
designed to ensure road safety are deliberately
disregarded. In order to limit the number of
accidents, it is extremely important that safety
guarantees can absorb human errors and that
there are as few latent infrastructure errors as
possible.

In this chapter, this preventive or proactive
approach will be applied to the development
of the road infrastructure.

7.1.2 Curative or reactive approach: PCOSE
As aresult of increased mobility, road
authorities are confronted with ever more
traffic problems, which predominantly involve
service level (capacity problems), road safety
and traffic liveability. Apart from the fact that
not all traffic accidents are registered, the road
traffic system yields a large number of near-
accidents as well as complaints (subjective
road unsafety, feeling unsafe). This is why,
alongside the preventive approach, a curative
or reactive approach to the road infrastructure
is also necessary through the application of
the Sustainable Safety concept. How the
proactive and reactive approach relate to one
another is shown in figure 7.1. Research
methods such as accident analysis can trace
the cause of safety problems. The PCOSE
approach discussed in section 5.1 can be
identified in the curative approach.

7.2 Design principles of Sustainable
Safety

Sustainable Safety features five primary
design principles, which were discussed in
detail in chapter 1. The following is a short
summary of these principles:

1 functionality of roads: a hierarchically
structured road network comprising three
road categories (see section 7.3);

2 homogeneity of mass, speed and direction:
equality of mass, speed and direction at
moderate or high speeds;

3 recognisability of the road design and
predictability of the road course and the
behaviour of road users through consistent
and continuous road design;

4 forgivingness of the environment (physical)
and between road users (social): injury limi-
tation through a forgiving road environment;



Figure 7.1. Proactive and reactive approach to road unsafety
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With their possibilities and limitations, people
determine the design of traffic facilities, which
also takes into account that road users will
make mistakes on account of these limitations.
The ability to use roads safely requires a cer-
tain ability to react and think quickly. It is also
vital to have a significant number of physical,
cognitive and motor skills. Many people
temporarily or permanently fail to satisfy
these requirements; people with a handicap,
for example, may find it difficult to travel.
This is why insights into the limitations of
road users contribute to a safer design.

Functional requirements

There are two levels of road design
requirements:

* functional requirements;

* operational requirements.

Functional requirements are partly concerned
with attributing functions to roads and, there-
fore, with the categorisation of those roads
and their infrastructure. Before the design
phase of aroad can begin, it must be clear
which function the road is going to fulfil.
Operational requirements or general design
principles stem from these functional
requirements. The essential recognisability
characteristics also belong to the general
design principles (see section 7.3.4). These
are of primary importance for the recognis-
ability of a particular road category with
regard to the other two categories.

The twelve functional requirements are [7.18]:

1 Construction of the largest possible resi-
dential areas. Areas in which the majority
of daily journeys take place must be safe.
Barrier effects as a result of high traffic
volumes or speeds above 30 km/h are
undesirable in residential areas. The size

of aresidential area depends on the
possibilities of accessing the area.
Maximum part of the journey on
relatively safe roads. In principle, every
road in the Sustainable Safety concept

is equally safe, but in practice this is

not always the case.

Make journeys as short (direct) as possible.
The more kilometres the road user travels,
the greater the chance of being involved
in an accident. This applies, in principle,
to all road users.

Combine the shortest and the safest routes.
Road users are inclined to choose the
quickest route to their destination.

This is why the shortest route must also
be the safest route when constructing the
road network.

Avoid situations in which road users have
to search to find their way. This requires a
clear road network with easily recognisable
road categories and effective signposting.
Make road categories identifiable. This
requirement has two aims: the first is to
distinguish the quickest route in the network
from the less quick routes. The second is to
achieve optimum uniformity in terms of
traffic behaviour within each road category.
Limit the number of traffic situations and
give them a uniform design. Repeatedly
confronting the road user with uniform
traffic situations increases the predictability
of the situation. It can also be expected
that the learning process of less experienced
road users will be quicker as a result.

This requirement is predominantly
applicable to through roads and distribu-
tor roads. On access roads, however, a
recognisable and consistent ‘chaos’ is also
a form of recognisability and uniformity.



8 Avoid conflicts with oncoming traffic.
High-speed head-on collisions must be
avoided. This requirement is applicable
to through roads as well as road sections
on distributor roads where traffic
travels at relatively high speeds.

9 Avoid conflicts with crossing traffic.

The chance of conflicts with crossing
traffic on through roads must be excluded
because of the significant chance of
(serious) accidents. For distributor roads,
this chance must be reduced by enforcing
low speeds for motorised traffic.

10 Separate different modes of transport.

An essential principle is that the different
modes of transport must be separated as
much as possible when the vulnerability
of some road users is at issue. In addition
to this vulnerability, differences in speed
and mass are the key arguments for this
separation.

11 Reduce speed at potential conflict locations.
Where traffic separation is undesirable
or impossible, driving speeds must be
reduced substantially.

12 Avoid obstacles at the side of the road.
This requirement leads to the elimination,
relocation or screening of obstacles on the
road side and becomes more urgent when
speeds are higher.

There are also other functional design require-
ments that concern, for example, the view,
dimensioning of curves, skid resistance, et
cetera. In this respect, no special requirements
are laid down in the Sustainable Safety concept
in relation to the current situation.

Laws, regulations, guidelines and
recommendations

Road infrastructure must meet statutory provi-
sions and regulations, the most important of
which are included in the 1994 Road traffic
act and the 2003 Buildings decree. The Road
traffic act includes such regulations as the
Administrative Provisions (Road Traffic)
Decree and the 1990 Road traffic and traffic
signals regulations.

Guidelines and recommendations comprise
possible solutions that can generally be
applied. Local circumstances may require
different solutions, but strong deviation from
the guidelines is not advisable, because this
may affect the recognisability and uniformity
of the road category. However, uniformity is
less important for access roads. If deviating
from the guidelines is inevitable, the designer
must ask himself the following [7.12]:
¢ Where and why is the design failing to
follow the guideline?
¢ What extent of deviation is necessary?
e What are the consequences for traffic flow,
road safety, the environment and the costs?
¢ What compensatory measures can be taken
to guarantee road safety?
If deviations are unavoidable in a particular
situation, their effects must be studied and
substantiated (for example to prevent any
future liability problems).
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7.3 Planning and construction of the

road infrastructure

7.3.1 Road categories
The road user’s driving task is made easier by

Traffic areas are formed by roads that provide
access to and link residential areas and connect
them to the (national) main road network.
Following this line of reasoning, one of the
following three functions can be attributed to

Record 26: Road safety manual

arecognisable and continuous roadscape and
predictable traffic situations. One means of
achieving this is to divide the entire road network
into road categories. The way in which each
category’s function, design and use are geared
to one another is decisive for road safety and
the quality of the service level.

Traffic accidents appear to be primarily the
result of a combination of conflict types and
high speeds. This is why a Sustainable Safety
road traffic system focuses on the elimination
of conflicts or the reduction of speed. In addition,
a balance must also be found between liveability,
road safety and accessibility.

Given the above, it is logical to first divide

public space inside and outside the built-up

area into [7.18]:

* Traffic areas: public space for infrastructure
amenities with a traffic function. Traffic
function is understood to mean the possibility
of making purposeful journeys on foot or by
vehicle at a uniform speed.

* Residential areas: places where people live,
work or partake in recreational pursuits.

In these areas, the residential function takes
priority due to the traffic liveability.

the different elements of the infrastructure
both inside and outside the built-up area
[7.12,7.18]:

Through function (through road): a continual
traffic flow. The through function is primarily
intended for the flow of (through) traffic over
long distances.

Distibutor function (distributor road): roads
with a distributor function form the central
framework of the road system. Traffic inter-
acts at intersections and flows continuously
on road sections between the intersections.
A distributor road connects:

- two (non-adjacent) residential areas;

- aresidential area and a through road.
Access function (access road):

roads with an access function provide access
to the individual houses, offices, companies,
farms, (sports) fields, plots of agricultural
land, et cetera, in an area. On access roads,
traffic interacts on both road sections (estate
connections) and intersections.

The division into residential areas and traffic
areas on the one hand and the traffic function
of roads on the other leads to a division into
‘flow’ and ‘exchange’.

Through roads have interchanges or grade-
separated intersections and no intersections
at grade. Due to their large-scale character,
through roads cannot be included in the
built-up area. Through roads, however, can
intersect a built-up area, but they must be
completely isolated from the surrounding
environment.



¢ On access roads, the traffic function is of
secondary importance to the residential
function: interaction between the road and
the surroundings is unrestricted. The road
user can expect disruptions everywhere,
from the road section to the intersections.

* Distributor roads form an intermediate
category: the road sections are there for
through traffic and the intersections at grade
are there for the exchange of traffic between
different roads.

Table 7.1. Provides a summary of this
[7.18]

Road category :Road ‘Intersection,

:section :interchange

: ‘or connection
Through road éflow éﬂow
Distributor “flow ‘exchange
road :

Accessroad ' exchange ‘exchange

7.3.2 Categorisation of the road network
Sustainability in terms of road traffic and
transport is achieved by a balance between
accessibility (including utilisation), safety and
liveability. Ever-increasing mobility is a threat
to the accessibility of the economic and social-
recreational functions, as well as to the live-
ability of society.

Accessibility, liveability and safety can also
be specified at municipal level. For example,
decisions concerning locations for schools and
business parks and the planning and construc-
tion of access roads and residential areas influ-
ence the level of (road) safety and liveability.
Road safety can be substantially improved by
incorporating it in the various policy fields.

The functional use of the road network is
understood to mean the use of infrastructure
provisions such as roads, intersections, bicycle
paths and pavements as intended by the road
authority. A distinction is made between the
three functional road categories mentioned
earlier; for each category, the intended behaviour
of the road user must be more or less enforced.
However, when determining the desired use of
aroad network, the road authority must comply
with the preconditions that govern the individual
and collective interests.

Categorisation must be based on the desired

function of roads within the road network as

a whole rather than the existing design [7.18].

The desired function can, therefore, deviate

considerably from the current function and the

corresponding use and design. In principle,

Sustainable Safety is based on monofunctional

roads (road categories with a traffic function)

and agreement between:

e function: the road’s task;

* design: the functional requirements translated
into road design and traffic measures;

* use: the desired behaviour on the roads.
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When allocating functions to roads (categor-
isation), the existing spatial structure plays a
key role. One problem that arises in practice is
that there are roads that combine various func-
tions. After all, many existing roads with an
access function often have houses or shops
built along them. In those cases, engineers and
politicians have to make a choice between two
potential solutions:

* to adapt the structure of the network so that
the only desired function can be allocated to
the road;

* to prioritise a particular function and —
where possible — take the other function into
account by gearing construction accord-

ingly.

In principle, Sustainable Safety assumes a
hierarchical structure of the road network.
This means that an access road must not
connect directly to a through road but via

a distributor road only.

When allowing the different modes of transport
for each category, the weakest mode will be
taken as the standard. Taking into account the
most vulnerable groups, the movement options
of the strongest road users will be limited,
with mass and speed being decisive factors.

The process of road categorisation

Road categorisation follows a fixed routine

[7.18]:

* Step 0: determine the basic principles and
preconditions for all policy fields con-
cerned.

» Step 1: develop ideals. At this stage, separ-
ate ideals for residential areas and key
modes of transport are developed, such as
pedestrians, bicycles, slow motorised traffic,
public transport, emergency services and
fast motorised traffic.

Step 2: combine and harmonise the ideals.
This step is broken up into three parts:
- road categorisation;
- checking the categorised road network;
- combining the categorised network with
the other ideals.
Step 3: apply the operational requirements.
This step checks whether the operational
requirements can be satisfied or whether
they lead to problems in terms of feasibility
and practicability.
Step 4: adapt the ideals. In practice, require-
ments will sometimes conflict (such as the
ideal public transport versus the ideal resi-
dential area). Such conflicts are often dif-
ficult to resolve in practice.
Step 5: confront the Sustainable Safety ideal
with other policy fields. Traffic and road
safety are important but there are more
interests to be considered, such as liveabil-
ity.
Step 6: consider and make a choice. If it is
impossible to arrive at a satisfying solution,
all the pros and cons will have to be con-
sidered. It is important to define the conse-
quences of this choice and to allow the deci-
sion to be taken by those authorised to do so.



Journey time criterion

The journey time criterion is based on practical experience and is a measure of the length

of time a road user is willing to accept a low speed limit. The criterion is not described in the
standard approach for road categorisation, but can provide additional insights for the
categorisation process. Journey time criteria give a maximum time during which the motorist
may drive on a certain category of road before reaching a higher or lower category. The
maximum duration increases if the motorist is driving in a higher (safer) category. Journey
times are:

e access roads: 2 to 3 minutes;

e distributor roads: 3 to 5 minutes;

e regional through roads: approx. 8 minutes;

¢ national through roads: unlimited.

These criteria are arbitrary estimates and are not based on (scientific) research. In addition,
the criterion is a generic indicator that is open to exceptions. It also appears to be desirable
to distinguish situations within and outside the built-up area. The choice for a shorter journey
time criterion on access roads and distributor roads results in a denser network of through
roads.

Traffic volume and road safety

The structure of an area and densities as well as the composition of the population and the
generation of traffic determine how the traffic and transport system will be used. Although this
already gives some indication of the expected road unsafety, some qualification is required.
Several rules of thumb regarding traffic volumes are shown in table 7.2. However, it should be
noted that these figures are only an indication: while 4,000 vehicles per 24 hours on an access
road is not exceptional for a large city, such volumes are too high for a residential street in a small
rural village. Moreover, these traffic volume criteria are not theoretically substantiated.

Table 7.2. Rules of thumb for traffic volumes

* Traffic volumes in motorised : Distances in km

- vehicles/24 hours . between intersections
Through road (motorway) ~ : > 20,000 :>5
Through road (trunk road) : <20,000 - >5
Distributor road - 4,000-15,000 - 2a3
Access road : <4,000 4 6,000 f<2
Access road . Low, < 2.000 f <

These figures are indicative experiential figures, traffic volumes at which the road function will
come out well. The figures apply to the majority of roads, which does not mean that there are
no exceptions. Higher traffic volumes are possible but this will demand extra attention during
the design phase on guiding the traffic in the right direction.

A completely different line of thought is that it is not so much the traffic volume but the presence
of different types of road users that must determine the design of the traffic and transport
system. This line of reasoning dictates that residential areas are geared towards non-motorised
traffic rather than motorised traffic. In these areas the majority of journeys is made by
non-motorised vehicles.
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In practice, this approach appears to be most
useful within the built-up area. However, it
should be realised that a road network that is
consistent in terms of Sustainable Safety does
not need to be so in terms of urban planning
and urban structures. Categorisation could
have irreversible consequences for spatial
quality and devalue the differences between
housing estates and area characteristics.
Conversely, the urban planner can sometimes
(unwittingly) thwart a clear road categorisation.

7.3.3 Road categorisation and desired
behaviour

The road user must be able to tell the difference

between the three road categorisations at all

times, in as far as they require different behav-

iour and/or permit other events. The road

categories and road types (see sections 7.3.1

and 7.3.5) that demand different behaviour

and provoke other expectations are shown

in table 7.3 [7.17].

It should be emphasised that table 7.3 is an
outline of an ideal situation that cannot be real-
ised in the short term. A physical carriageway
separation on all through roads will not be
(immediately) possible. The same is true for a

Table 7.3. Characteristics for each road category on the basis of desired behaviour (Sustainable Safety)

: Expectation of:

. On-coming : Crossing : Crossing : Slow motorised
© traffic? . trafficat  : trafficon ! traffic on carriageway?
: . intersection?: road section? :

Outside the built-up area : : :

Through road ‘ No . No . No :No

120 km/h E : : :

Through road . No ‘ No " No ‘No

100 km/h : : : :

Distributor road : Yes © Yes : No ‘No

80 km/h : : : :

Access road © Yes : Yes . Yes : Yes

60 km/h : : : :

Within the built-up area : : : :

Distributor road : Yes . Yes - No ‘ Yes

70 km/h 2 : : :

Distributor road : Yes © Yes  Yes “Yes

50 km/h : : : :

Access road " Yes © Yes © Yes : Yes

30 km/h : : : :

Access road © Yes © Yes © Yes : No carriageway

in home zone



downgrading to access or distributor roads.
Money and problems relating to how roads
are to be incorporated into the surrounding
environment are the key reasons why the
wishes of the Sustainable Safety concept
cannot be honoured everywhere. In order to
eliminate delays, a decision has been made
to prioritise the recognisability of the various
road categories.

7.3.4 Essential recognisability characteristics
Table 7.4 shows the characteristics that are
deemed essential for recognising the various
road categories [7.17]. The recognisability
characteristics are chosen in such a way that
they occur as infrequently as possible at roads

: Behaviour:

other than those for which they are intended
and provoke as few incorrect expectations as
possible. If characteristics overlap for different
road categories, any incorrect expectations
must then be corrected using compensatory
additional measures. Furthermore, the essential
recognisability characteristics have, where
possible, been chosen in such a way that they
intuitively promote desired behaviour and/or
discourage undesirable behaviour.

. Mopeds/bicycles
. on carriageway?

. Maximum speed

. Right-of-way
. using traffic signs?

. Is overtaking allowed?

© 120 km/h

© Yes

No Yes

No 100 km/h Yes Yes, only on 2x2-road
No 80 km/h Yes Yes, on 2x2-road

Yes 560 km/h No Yes

No 70 km/h Yes Yes, on 2x2-road
Mopeds yes 50 km/h Yes Yes, on 2x2-road and
* bicycles no : : : agricultural traffic
: Yes : 30 km/h : No . Yes

No carriageway Walking pace, 15 km/h No Yes
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Table 7.4. Initial essential recognisability characteristics for each road category and road type

: Through road

. Distributor road

Essential recognis-
ability characteristics :
. built-up area)

© TR-120

(outside the

: TR-100
. (outside the
built-up area)

. DR-80
. (outside the
. built-up area)

. DR-70
. (inside the
built-up area)

(Zone) sign Motorway Trunk road None Max. speed 70
Edge markings © Continuous : Continuous * Broken Broken
. orkerb

£ (0.20m)

© (0.20 m)

© 3-3(0.15m)

Carriageway
separation

: Safety barrier
: or central
: reservation

. Safety barrier")
. or central
- reservation

: Double line or
: central
: reservation

: Double line or
. central
- reservation
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1) double line with “filling’ is possible in phased planning

The dominant recognisability characteristic in
table 7.4 is the geometry of the edge markings
and carriageway separation. This was chosen
because those markings are relatively easy to
apply, highly and continuously visible, and
have a particular effect on behaviour. In essence,
this means that broken markings invite slower
speeds than continuous lines. In addition,
studies have clearly shown that carriageway
separation comprising two continuous or
broken lines is more noticeable and has more
impact on risky overtaking manoeuvres than
a single centre line. Moreover, carriageway
separation leads to a slightly lower average
speed than a single line; however, this distinc-
tion also results in vehicles driving closer

to the shoulder. The first is positive in terms
of safety; the second is potentially negative
because it leads to an increased chance of
vehicles leaving the road. Attention must,

therefore, be paid to the provision of a suffi-
ciently wide lane on the right-hand side of
the road. The figures below provide examples
of the three road categories.

In terms of the TR-100 motorway, it should be
noted that the characteristics provided in fig-
ure 7.2 (two continuous lines with a green fill-
ing) must be seen as phased planning solutions
within the context of Sustainable Safety.

The safest solution is physical carriageway
separation such as used on the motorway. If a
trunk road has arisk figure that is too high,

it must be downgraded to a distributor road
with the accompanying characteristics and
speed limits. The essential recognisability
characteristics in table 7.4 are unique for each
road category and must always be present.

For the other characteristics (see table 7.3),
there is a certain measure of latitude.



: Access road

. AR-60

. central
: reservation

: None

: DR-50 © AR-30/home-

. (inside the . (outside the : zone (inside the
. built-uparea) : built-up area) : built-up area)
. None (Zone) sign 60 : Regime or

: . (zone) sign 30
: Broken © None or : None

: orkerb : broken

: © 1-3(0.10m)

: Double line or . None

Itis clear that visual information such as recog-
nisability characteristics must be uniformly
applied throughout the country in order to
achieve the desired effect and ensure that road
users will draw the same conclusions from the
same information regardless of where they
are. Possible measures must be implemented
nationwide as quickly as possible to minimise
confusion during the transitional period. It is
also important, of course, that road users
throughout the country are informed about
what the measures mean to them.

Figure 7.2. Examples of road categories outside the built-up area

TR-120, motorway

DR-80, distributor road

TR-100, trunk road (phased solution)

AR-60, access road
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7.3.5 Road types per road category

In principle, each road category comprises
different road types or designs. However,

the more road types, the more difficult it is to
guarantee the differences between the three road
categories and thus the recognisability of each
category [7.12 —7.15]. Road users recognise a
road category primarily due to the continual
presence of characteristics or design elements
in the roadscape. Local characteristics such as
uniform intersection solutions also contribute
to the recognisability of the category.

Figure 7.3. Examples of road categories inside the
built-up area

AR-30, access roads

AR, home zone

Possible road types or manifestations for each

category must meet the following requirements:

* the essential recognisability characteristics
of a certain category may not be applied in
another category (unique, easily recognisable
characteristics per category);

e every road type in a certain category must
contain every essential recognisability
characteristic for that category;

e the number of road types must be minimised
so that the road category is recognisable as
such to the road user.

Through roads

While a large proportion of the single carriage-

way roads has a through function, their imple-

mentation as motorways with 2x2 lanes is

overdone on the basis of traffic volume.

Two types of roads are distinguished in the

through roads category:

* national through roads (NTR), motorways
with 2x2 or more lanes;

* regional through roads (RTR), trunk roads
with a through function with one or perhaps
two lanes in each direction.

The following designs exist for regional

through roads [7.13, 7.17]:

e 2x2 lanes with a physical carriageway
separation (traffic volume > 25,000
vehicles/24 hours);

e 2x1 lanes with a physical carriageway
separation (traffic volume < 25,000
vehicles/24 hours);

* 1x2 lanes with a carriageway separation
comprising a green surface.



Figure 7.4. Principle of the 2+1 through road type, a continuous lane in each direction + overtaking lanes

2+1-RTR in the Netherlands (N50)

2+1-RTR in the Netherlands (N50)

The last two designs can be applied with an
overtaking lane.

This road type has three lanes in which the
middle one is used alternately as an overtaking
lane in both directions (figure 7.4). International
experiences in terms of road safety and the
quality of the service level have been extremely
positive, which has led to initial trials on the
N50 between Hattemerbroek and Kampen in
the Netherlands.

Distributor roads outside the built-up area
Capacity is sometimes the reason that
distributor roads are built with two lanes in

each direction [7.14]. A distributor road with
two lanes in each direction and carriageway
separation consisting of a double line only
must be advised against on the grounds of road
safety, recognisability and perception: outside
the built-up area, this separation needs to be a
(grass) verge several metres in width. The dis-

tributor road category outside the built-up area

comprises two road types:

e road type I: 2x2 lanes with a central
reservation;

e road type II: 1x2 lanes with carriageway
separation or 2x1 lanes with a central
reservation.

In practice, the distributor road type Il is
applied with complete or partial vehicle-type
exclusion ruling. The concept of Sustainable
Safety assumes complete vehicle-type exclusion
due to differences in speed. This would mean
that every distributor road would have to

be provided with a parallel road, which, in
practice, is unfeasible. Downgrading to access
road within the regional road network is not
always acceptable either.
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Drive slow, go faster?

A completely different approach to distributor roads is known as ‘drive slow, go faster’ (DSGF),
which argues that motorised traffic is better off when it travels at uniformly lower speeds
rather than ‘speeding and braking’. Because no traffic lights are needed, smaller and more
attractive intersections are sufficient.

DSGF is based on traffic travelling relatively slowly in uniform groups on the main roads
through the built-up area [7.36]. DSGF can be used for distributor roads within the built-up
area with a statutory speed limit of 50 km/h. The principle is also applicable to distributor roads
through small villages and on ring roads, where the traffic flows and branches off to the
surrounding area. DSGF focuses on introducing harmony between the traffic engineering
design of the car infrastructure and the requirements of the urban environment. The concept
achieves more sustainable and significantly better service levels on urban traffic arteries and
increases the urban quality around the arteries and in the surrounding areas.

A careful design of the main road and the road environment prompt road users to automatically
drive at the desired speed limit of approximately 40 km/h: a self-explaining road. DSGF roads
have narrow lanes that are separated by means of a continuous line or central reservation.
On-coming vehicles ensure that cars do not overtake and speed differences result in groups or
platoons of vehicles. The slowest vehicles determine everyone’s speed, thus keeping speeding
drivers in check. The simplified design, central reservation and low speeds (approximately 40 km/h)
enable pedestrians and cyclists to cross the road easily and safely by using the (large) gaps
between the vehicle platoons. Crossing no longer takes place in one go but rather by lane or in
intervals. This significantly increases the road’s crossability and it allows for good eye contact
between road users. An added advantage of a steady traffic flow is that the barrier effect over
the entire length of the road is also reduced. Pedestrian crossing need not be solely concen-
trated at intersections. In places where traffic lights create gaps in the traffic flow, the idea
behind DSGF is not to break up the groups that arose spontaneously. In relation to traffic



volumes of over 20,000 per 24 hours, this principle could lead to long waiting times for people
that need longer gaps in the traffic flow. Whether this risk is real or not can be calculated with
a simple simulation programme, which has recently been expanded with an emissions module
for fine dust particles PM, , and nitrogen dioxide NO, [7.42]. This also allows calculations to be
made of the extent to which a DSGF solution can contribute to environmental targets.

The combination of a clear right-of-way principle and a lower speed limit can help to find a
better optimum between through traffic flow, road safety and the quality of the surrounding
environment. This leads to a more sustainable and significantly better service level on busy
traffic arteries where roundabouts are not possible or are inadequate in terms of capacity.

The first ten trial projects with this principle are underway and initial evaluations indicate that,
in practice, journeys are faster if speeds are reduced. However, it remains an experimental
principle with room for improvement. And although it is not (yet) widespread, the DSGF
principle can also be applied to road categories other than distributor roads.

In such cases, carriageway separation is realised
with broken lines. Sometimes an overtaking ban
is created that allows only for the overtaking of
agricultural vehicles.

Distributor roads within the built-up area
Within the built-up area, the problem with
agricultural traffic (regarding road safety and
service level) is less pronounced than outside
the built-up area due to the lower maximum
speed (50 km/h) [7.11]. As arule, there are
few or no agricultural or other slow vehicles
within the built-up area. Furthermore, the
difference in speed with other traffic is limited.
In practice, therefore, no parallel roads are
necessary, and bicycle paths are sufficient.

In principle, mopeds can also use the carriage-
way on roads other than those with a maximum
speed limit of 70 km/h for reasons of road
safety. The built-up area, however, is subject
to many other problems such as limited space,
high traffic volumes, insufficient separation of
cyclists, parking and a significant number of
access roads.

Two types of road are distinguished within the

built-up area:

* road type with 2x2 lanes, maximum speed
limit 70 or 50 km/h;

¢ road type with 1x2 lanes, maximum speed
limit 50 km/h.

Access roads outside the built-up area

An essential recognisability characteristic of
the access road is one driving strip (no centre
line) for both directions [7.15]. In practice, the
traffic volume on this road category can vary
from several hundred to 5,000 vehicles or
more a day. A road width of 3.5 mis accept-
able for several hundred vehicles, but if the
numbers exceed 1,000, the chances that the
verges become damaged are substantial and
wider surfacing is required. Since the total
width of the surfacing must not give the
impression of comprising two lanes, this

extra surfacing (passing ar