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ABSTRACT

The present document is working-paper 3 (Wpr) ‘Non-compliance and accidents’,
prepared for ESCAPE (Enhanced Safety Coming from Appropriate Police
Enforcement). It summarizes evidence concerning the incidence of non-compliance
with traffic regulations and for the association between non-compliance and accidents.
In both sections of this document, emphasis was put on presenting data from recent
experience (such as GADGET project and other EU research) as well as on special
analyses prepared by ESCAPE partners.

There are currently three sources of information about the extent and distribution of
non-compliance, all seriously limited in scope and accuracy. Observation-based traffic
surveys of violations, surveys of drivers’ self-reported non-compliance and police
records of detected traffic offences.

External observations of traffic or driver behaviour are common to local projects or
experiments dealing with specific measures. Continuous, systematic, and network-
representative observations of non-compliant traffic behaviour are presently less
common.  However, as the cases of seat-belt-use or drink-driving monitoring have
demonstrated, data from reliable field observations ultimately provide the most valid
measures of non-compliance.

Self-reported violations are commonly associated with research into individual
differences, the motivations underlying non-compliance and similar issues. Links
between self-reported violations and non-compliance incidence and distribution, in
actual traffic, are not clear or obvious.

It is well recognized that police reported traffic violations are not only a small fraction
of non-compliance acts committed, but are also a biased sample of violations, reflecting
enforcement resources, strategies, priorities and constraints.

Nevertheless, using any method reveals that at any given time large proportion of traffic
moves in an illegal manner.

The second section presents three lines of evidence for the relationship between non-
compliance and accidents: Violations implicated in national accident records; Drivers’
violations and accidents records; Speeding and accidents on a road network. Violations
do promote accidents but the links are neither deterministic nor very strong.
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EXECUTIVE SUMMARY

The present document is working-paper 3 (Wpr) ‘Non-compliance and accidents’,
prepared for ESCAPE (Enhanced Safety Coming from Appropriate Police
Enforcement). It summarizes evidence concerning two major steps in the chain of logic
underlying the practice of traffic law enforcement (TLE): The first is that non-
compliance with traffic law is wide-spread, and the second is that non-compliance is a
phenomenon leading to traffic accidents. In both sections of this document, emphasis
was put on presenting data from recent experience (such as GADGET project and other
EU research) as well as on special analyses prepared by ESCAPE partners.

The incidence of non-compliance

Knowledge of the true incidence and nature of non-compliance is critical for any
intelligent discussion, planning, or evaluation of TLE activities (or any other measures
intended to influence the rate of compliance). Various sources of information are
reviewed, but none provides a comprehensive picture of non-compliance on European
roads.

Monitoring traffic behaviour

External observations of vehicle or driver behaviour are common to local projects or
experiments dealing with specific measures (roadway improvements, traffic control
devices, enforcement tactics, legal rules etc.) intended to influence compliance. Some
behaviours, such as speeding, appear easy to observe, while other behaviours, such as
dangerous overtaking, are difficult.

Continuous, systematic, and network-representative observations of non-compliant
traffic behaviour are presently less common.  However, as the cases of seat-belt-use or
drink-driving monitoring have demonstrated, data from reliable field observations
ultimately provide the most valid measures of non-compliance.

Tables 1–10 present non-compliance data based on relatively large road surveys in
different countries. Table 1 shows US data on non-compliance rates at signalised
junctions. They are quite high. Tables 2–7 show speeding, junction related violations,
safety belt use, serious parking violations, bus-lane violations and dangerous
behaviours, all observed in large scale studies on inter-urban and urban roads in Israel.
Table 8 provides comparative data on speeding, drink-diving and safety belt non-use in
several EU countries. Tables 8–9 provide detailed non-compliance rates, based on
regular monitoring in Norway and Sweden, of a large number of behaviours.
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Not wearing safety belts is at a rate of 2% to 10% (front seat).  Non-compliance with
helmet laws is 1–2%. Observed rates of speeding vary greatly among countries and
between different types of roads and locations. A range of 1% to over 50% is not
uncommon. Single value cannot represent a country, but the rates are generally high.
Drink-driving rates are in a range of <1% to 4% but only countries with systematic RBT
programs have reliable (and usually the lower) estimates.

Countries measuring other non-compliance events, report <1% Red light violations,
35% STOP violations, 50% failing to give priority to pedestrians, 5%–25% other
priority violations at junctions. When measuring non-compliance events at urban
junctions, a mean of 20–25 events per hour were observed. The measure of “violations
per hour of observation” may be a useful one for TLE purposes. Using such measure,
the rate of outright dangerous, very annoying, extremely inconsiderate or aggressive
driving behaviour was 0.4 events per observation hour, or 3.2 events per 8 hour.

Driver aggression and aggressive driving

‘Driver aggression’ and ‘aggressive driving’ have become quite popular terms in the last
several years. The media, safety and TLE professionals, research psychologists,
sociologists, mental health professionals and politicians all have contributed to the
spirited discussions about the definition of a phenomenon which, “drivers know it when
they see it”, what causes it and (to a less extent) what could be done about it.

Section 2.4 (and Tables 7, 16–17) deals in some detail with the following issues, from
the standpoint of TLE:
 Data about the prevalence of aggressive driving,
 The traffic conditions that might generate or provoke aggressive driving behaviour,
 Measurement methods for monitoring aggressive driving and,
 Direct implications for TLE.

The majority of behaviours that people label as aggressive are the more serious traffic
violations. Speeding, weaving, unsafe passing, drink-driving and the all encompassing
‘reckless driving’ can all be considered aggressive driving acts. There is clearly a large,
if not almost complete, overlap between what TLE authorities do, or should do, about
non-compliance, and ‘special programs’ to eliminate aggressive driving.

Perhaps it is useful for TLE to have a fresh targeting concept to rally public support and
to focus its own operations. However, in order not to slip into the misguided approach
of assuming that TLE is mainly about finding an identifiable enemy called ‘the
aggressive driver’, counter-aggression programs should also deal with preventing the
conditions that generate aggressive driving.
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Self reported violations

Self-reported violations are commonly associated with research into individual
differences, the motivations underlying non-compliance and similar issues. Collecting
self-reported violation data is relatively simple and could be rich in information, but
links between self-reported violations and non-compliance incidence and distribution, in
actual traffic, are not clear or obvious.

SARTRE 2 (Table 11) data give the % of European drivers reporting habitual non-
compliance. 25% of drivers (14% -48% range among countries) report that they usually
exceed speed limits on motorway; 8 % (2%–15%) do this in built-up areas; nearly 40 %
(11%–85%) fail to use their safety belts when driving in town; and 4 % (0%–13%)
report that they have been drink-driving at least once in the last month. There are large
differences between countries in the rate of reported violations, with ranking of
countries being somewhat different for each violation category.

A general limitation of non-compliance data based on driver surveys is the lack of
knowledge about how to relate the drivers-linked data to roadway-linked information.
For example, when 4 % of surveyed drivers report of drink-driving at least once a
month, how does it translate to the number of affected vehicles on the roads at any
given time?

The accuracy or validity of the self-reports is another matter for concern but, perhaps,
not such a serious one. It turns out that drivers report more instances of non-compliance
than what is on their official violations records, and correlations between reported
violations and recorded or reported accidents are as good or better than between the
corresponding official records.

Officially recorded violations

It is well recognized that police reported traffic violations are not only a small fraction
of non-compliance acts committed, but are also a biased sample of violations, reflecting
TLE resources, legal context, enforcement operations policy and tactics, priorities and
constraints. However, official traffic violation statistics are the most commonly use
source for non-compliance information.

Tables 12–15 present official violation data from several EU countries; Table 12 has the
basic data and the other illustrate common characteristics of official violation records.

The ratio of tickets to population in EU countries ranges from 2.4 to 44.4 tickets per 100
pop., annually. Annual national violation data tend to be stable (Table 13), suggesting
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that with a given police force and the same basic policy and legal framework, the
distribution of recorded violations remains the same over time.

Table 14 shows that roughly 40% of the citations are “moving violations” (including
belts and drink-driving), which can be construed as driving behaviours with clear
associations to accident risk. The other 60% of the citations, so called “technical
citations”, went to violations that are relatively simpler to detect or to prove. Table 15
shows a typical age / gender distribution of offences.

While the details of a official violations distribution vary from country to country, and
within police regions in the same country, the pattern tends to be rather stable unless a
clear shift in policy is introduced along with accompanying legal and administrative
procedures.

In conclusion, absolute numbers and type-distributions of traffic citations reflect, first,
the level of resources put into detection and prosecution of non-compliant behaviour. In
addition, they reflect the detection policy, the legal, procedural and administrative
framework of traffic policing, and the technological means for detection. All these
factors determine the rates of officially recorded violations as much, or more, as the true
incidence of the behaviours in traffic.

Non-compliance and accidents

The second section of the paper reviews data linking non-compliance and accidents.
The underlying assumption of TLE is that lack of safety is directly related to non-
compliance. In operational terms it implies that road systems with a high rate of non-
compliance will experience high accident rates and, similarly, drivers who do not
comply with traffic regulations will be over-involved in accidents.

Three general lines of evidence for the relationship between non-compliance and
accidents are presented:
 Violations implicated in national accident records,
 Drivers’ violations and accidents records,
 Speeding and accidents on a road network.

Only studies based of large databases and large surveys dealing directly with the
relationship issue are considered here.

Violations in national accident records

Injury traffic accidents are usually recorded according to standard reporting forms,
which may include information about driving violations associated with an accident, the
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cause (s) of the accident or its precipitating factors. The designation of a ‘violation’ or
‘cause’ to an accident or a particular road user involved, is made by the investigating /
reporting officer for legal, insurance, and enforcement planning purposes.  Many police
forces claim to target their enforcement efforts on violations specifically implicated in
accident.

There are many sources of uncertainty and biases in these determinations but the
aggregate data provide interesting information on distribution of violations in accidents.
Tables 12–23 and Figure 4 provide examples of violations and accidents data from
Israel, Sweden and the UK.

The distributions of violations identified as being important in causing, precipitating or
contributing to the actual are not very similar to distributions of citations in general. The
proportions are very different and many of the accidents are attributed to various causes
and contributory factors that are not subject to driving enforcement or cannot be
detected and measured in any reliable way.   In addition, a large proportion of accidents
appeared to have been caused or precipitated by a wide range of unique conditions,
behavioural and situational.

The more common violations appearing in accident data are related to failure to yield
the right of way, inadequate following distance, inappropriate lane changes and turns,
and pedestrian misbehaviour. All other violations, including speeding, drink driving,
Red Light running, are in very small proportions. The largest category is often the
‘other’ types of violations, or ‘causes’. For more specific types of accidents the role of
particular violation is more pronounced. For example, speeding and drink-driving are
often involved in single vehicle accidents on rural roads. Violation factors associated
with accidents are generally similar for all levels of severity.

Drivers’ violations and accidents records

Most motorized countries keep a central file of driving licenses. A person’s record may
contain biographical and licensing data, data on traffic offences and data on traffic
accidents the driver was involved. The empirical issues regarding violations and
accidents are straightforward:
 How strong is the relationship between violations and accidents?
 Does it matter for the relationship what violations drivers have committed?
 Can knowledge of drivers’ violations in one period ‘predict’ their accidents in a

subsequent period?
 How good is the prediction?
 Are repeat violators responsible for a large share of the accidents?

The answers to these questions have been generally known for at least 30 years now:
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 The correlation between violation and accident records is small (about r = 0.2),
 A subset of violations is not better than using all of them, but at-fault accidents are

sometimes better related to violations,
 The stability of individual records from one year to another is small-drivers move in

and out of the accident and violation subsets,
 On average, the sub-set of drivers with violations will experience more accidents in

subsequent years but the for individual the margin of error makes the prediction
practically useless,

 Previous violations better predict future violations and previous accidents better
predict future accidents,

 In every population there is a small group of drivers who commit many violations
and are responsible for many accidents, but they account for a small fraction of the
total populations of recorded offences and accidents.

More recent studies, presented in using perhaps more advanced statistical tools,
confirmed or refined those basic findings. Tables 24–25 and Figures 5–9 show
examples of research bearing on the issue of violations-accidents association. The
examples come from three types of studies: those based on driver records only, studies
that include exposure variables, and studies that include personal variables derived from
theory-based questionnaires.

Speeding and accidents on a road network

The previous sections used ‘drivers’ as the unit of analysis for demonstrating that non-
compliance was associated with increased likelihood of accidents.

An alternative way to look at the evidence is to use a km of road as the unit of analysis,
and examine whether roads with more non-compliance events per km also experience
more accidents. Non-compliance behaviours can be recorded as discrete events (e.g.
vehicle with belted or unbelted driver) or continuous (e.g. speed of each passing
vehicle). The events can be associated with a unit of the network (e.g. section 177 on
Europe road 44). Each network unit is also linked with the accident data associated with
it. This kind of database can then be analysed for the association between non-
compliance and accidents.

Two examples are presented which deal with speed, speeding and accidents. The first
comes from an Austrian study in two regions in the country; the second is an analysis of
speeds and accidents based on data from several European countries (Tables 26–31 and
Figures 10–12). The data from Austria show that accident density and accident rate on
road sections increase with deviation of traffic mean speed from the posted speed limits.
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Using a database of 139 rural road sections from four countries in the European
MASTER project, TRL researchers found a strong association between speed limit
violation and accidents. They defined an accident gradient parameter, representing the
relative change in accidents for a unit change in the violating proportion.  The value of
this parameter has been found to increase exponentially with the increasing level of
violation. For example, if the violation level is, say, 30 km/h above the speed limit, then
a unit rise in the violating proportion of traffic will raise the accident frequency by
22.6% on a 70 km/h low-volume road, but 61.8 % on a 100 km/h high-volume road.
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1 INTRODUCTION

The present document is working-paper 3 (Wp3), prepared for ESCAPE WP 2: Non-
compliant behaviour and accidents”. The document summarizes evidence concerning
two major steps in the chain of logic underlying the practice of traffic law enforcement
(TLE): The first is that non-compliance with traffic law is wide-spread, and the second
is that non-compliance is a phenomenon leading to traffic accidents.

Knowledge of the true incidence and nature of non-compliance is critical for any
intelligent discussion, planning, or evaluation of TLE activities (or any other measures
intended to influence the rate of compliance). Various sources of information are
reviewed, but none provides a comprehensive picture of non-compliance on European
roads.

It is well recognized that police reported traffic violations are not only a small fraction
of non-compliance acts committed, but are also a biased sample of violations, reflecting
enforcement priorities and constraints. One acknowledged, and possibly justified, bias is
the result of selective enforcement practices aimed at targeting violations (and thereby
vehicles, drivers, locations or times) believed to be strongly associated with accidents.

Other estimates of non-compliance are based on drivers’ self-reports, or on independent
observations of traffic behaviour. Each source of information requires separate
measurement methods, each with its own advantages and limitations.

Self-reported violations are commonly associated with research into individual
differences, the motivations underlying non-compliance and similar issues. Collecting
self-reported violation data is relatively simple and could be rich in information, but
links between self-reported violations and non-compliance incidence and distribution, in
actual traffic, are not clear or obvious.

External observations of vehicle or driver behaviour are common to local projects or
experiments dealing with specific measures (roadway improvements, traffic control
devices, enforcement tactics, legal rules etc.) intended to influence compliance. Some
behaviours, such as speeding, appear easy to observe, while other behaviours, such as
dangerous overtaking, are difficult. Continuous, systematic, and network-representative
observations of non-compliant traffic behaviour are presently less common.  However,
as the cases of seat-belt-use or BAC monitoring have demonstrated, data from reliable
field observations ultimately provide the most valid measures of non-compliance.

The second section of the paper reviews data linking non-compliance and accidents.
The links were established with different methodologies, which tend to emphasize
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different aspects of the relationship. For example, analysis of accidents in a population
of drivers with different recorded-violation rates examines whether drivers who tend to
commit more violations are also more likely to get involved in more at-fault accidents.
Other methods include analysis of the violations involved in a population of accidents,
and a comparison of violations and accidents on a given set of roads.

In both sections of this document, emphasis was put on presenting data from recent
experience (such as GADGET project and other EU research) as well as on special
analyses prepared by ESCAPE partners.
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2 THE INCIDENCE OF NON-COMPLIANCE

2.1 MONITORING TRAFFIC BEHAVIOUR

2.1.1 Local field observations

Literary hundreds of studies are on record reporting observations of non-compliance
with a specific traffic law, at a single or in few locations, in real traffic conditions.  Such
studies may investigate roadway and traffic conditions influencing non-compliance, the
effectiveness of alternative traffic control devices, road-user factors related to
compliance, the impact of TLE tactics, or the success of implementing other local
measures to reduce non-compliance. Each study developed its own measures of non-
compliance, best suited for its specific requirements and constraints.

Although the cumulative evidence of such studies might give an impression as to how
common are various kinds of non-compliance acts, few people, if any, have an accurate
grasp of the total research literature, or can integrate the thousands of separate data sets
in order to generate quantitative conclusions. The compliance results of each study are
really unique to the conditions studied, and can hardly be generalized to other situations
and conditions.

Few recent studies exemplify typical limitations of most local observation studies, when
it comes to extrapolating their results to a national or even regional level. A study on
driver compliance with stop signs at pedestrian crosswalks  (DeVeauuse et.al. 1999),
estimated non-compliance rate to be 77%. The study was carried out at three crosswalks
within a university campus in the USA. The observed non-compliance rate varied from
98.6% by cyclists to 53.8% by passenger vans. Other factors, such as the number of
pedestrians intending to cross, also influenced the likelihood of compliance.
Notwithstanding the possible usefulness of the results to the campus community, such
locality specific data contribute little to general conceptualisation and quantification of
traffic behaviour regarding pedestrian right-of-way. General implications for TLE can
hardly be derived from the results.

Another example is a study on Red-Light violations (Porter and England, 2000) carried
out during three hours in the afternoon, at a total of six junctions in three cities in
Virginia, USA. In 35% of the 5000+ traffic light cycles observed, at least one vehicle
entered the intersection on red.  This amounted to an average of 10 violations per
observation hour. Is this a high rate of non-compliance? Is it typical of signal controlled
urban junctions? In the absence of normative data, it is impossible to answer either of
these questions. The small number of sites certainly limits generalization. Furthermore,
the detailed findings suggests large differences in violation rates between different legs
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of the same junction, as well as between junctions varying in size or traffic volumes
(higher rate with larger size and volume). Not reported were the very likely influence of
approach speed and appropriateness of signal timing design.

Selecting the measure of non-compliance is not a trivial matter. The above study used
two measures-percent of green cycles where at least one vehicle entered the intersection
on red and, number of violation events per observation hour. Other studies have used
different measures, making comparisons and synthesis somewhat difficult. For
Example, in a study by Gordon and Robertson (1988) all Red Light violations, at each
of the four approach legs of 12 intersections, were counted during a total of eight hours
of observation. During the same time, traffic volumes for each intersection were
estimated from rotating five-minute counts at each leg.

A total of 469 events were observed in the 12 junctions. Entering the intersection on red
was at the rate of 0.52 violations per 100 vehicles, or about 1 for every 200 vehicles.
The mean occurrence of RL violation at an approach leg was 1.25 per hour, and the
number of violations per hour varied from 0 to 11.

A recent study in the Detroit area (Datta, Schattler and Datta, 2001) involved five
signalised intersections. The signals in three of them were re-engineered to reflect
current knowledge of proper signal design, and two were left with the original design.
The old style traffic signals did not have sufficient yellow and no “all red” phase,
among other things. The rate of RL violations r in the improved intersections was 2.4 to
4.8 per hour compared to 8.0 and 8.25 per hour at the two non-treated, sites. In an urban
environment with an apparently more advanced signal design standards, an Australian
study in Melbourne, Victoria (Kent et. al, 1995) found very few RL violations at nine
sites-three with cameras installed and six without. Observers recorded 123 violations in
38,000-vehicle movement, and only 8 of these were judged to be dangerous since all
others occurred during the “all red” phase. There was no difference between sites with
or without cameras. The authors speculate that the rate of violations at the observed
sites translates to 500,000 dangerous RL violations (‘encroachments’) for the whole of
Victoria, annually.

It is hard to tell from these studies to what extent apparent local differences in RL
violations reflect driver non-compliance tendencies, or mainly peculiarities of the sites,
quality of engineering design, the research methods and the measures. It is as difficult to
estimate national level incidence of violations from local studies.
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2.1.2 Federal Highway Administration larger field surveys of non-
compliance

Cognizant of the lack of knowledge about the nature and extent of non-compliance with
traffic control devices in the US, the FHWA sponsored in the late 1980’s a series of
field studies to quantify non-compliance in a systematic manner (Pietrucha et. al. 1990).
Observations regarding five specific violations (an additional observed behaviour was
not strictly a violation) were made in four states, at hundreds of sites (intersection
approaches) representing both “problem sites” and “control sites”. Several roadway,
vehicle and traffic parameters (except speed) were recorded and analysed for their
explanatory power of the results. Enforcement activity was not recorded.

Table 1 shows a summary of the data in the FHWA observation field studies.  One can
clearly see that (mean) violation rate depends very much on the nature of the violation,
the measure used to calculate it, and the criterion employed to determine the violation.
Not shown here is the large variance around each mean, indicating large differences in
compliance between sites, and within the same site at different times.

Table 1. Non-compliance with traffic control devices –FHWA observation studies
(adapted from Pietrucha et.al., 1990)

Behaviour Number of
sites

Vehicles
involved

Violations
counted

Violations
per 100 v

Comment

Enter junction during Red
Light

156 79,055 688 <1% Rate includes non-
relevant vehicles *

Not stopping before
RTOR

146 21,434 13,142 61% Drivers do a “rolling stop”

Turn left where prohibited 115 53,165 881 1.7% Rate includes non-
relevant vehicles *

Non-complete stop at
STOP signs

142 31,212 21,110 68% Drivers do a “rolling stop”

Passing a stopped school
bus when prohibited

2615 234 bus-
route trips

184 7% Rate based on bus
stoppings

* See text for explanation

“Red Light running” was estimated here at about 1 out of 100 vehicles, and turning left
from a traffic light with a left turn restriction (common in the US where left turn is often
not phased separately) at 1.7 out of 100 vehicles. In both cases, the denominator for the
rate is not a “clean” value. Ideally, it should only consist of vehicles that had the
opportunity (or interest) of making the illegal move, and not all vehicles passing
through the intersection. In the case of “entering an intersection on red” the truly
relevant vehicles are those at the end of a green phase or vehicles at-stop-line facing the
red light. In the case of the restricted left turn, it is not known which drivers would have
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liked to turn left but did not. In both cases, using all crossing vehicles in the
denominator almost certainly underestimates the rate. Therefore, these two violation
rates are proxies for the true rates of interest, and it is not clear how well correlated they
are with them.

The two very high non-compliance rates in Table 1 are “not coming to a full stop” at
STOP signs or before making a legal Right-Turn-on-Red. Unlike the previous pair of
violations, here the denominator values for the rates are appropriate-all the vehicles
arriving to the stop line or turning right during the Red phase. Are such high violation
rates credible? What should traffic professionals, including TLE officials, do about it?
The researchers seem to bypass these issues by demonstrating that the rates of conflicts
generated by these violations were relatively small, thus suggesting that the violations
were not very risky. For example, of the 21,110 STOP violations, “only” 407 were
associated with conflicts with cross traffic or pedestrians, a conflict rate of 0.019
(almost 2%). In comparison, of the 881 NO-LEFT-TURN violations, 137 were observed
to involve a conflict, a rate of 0.156.

However, this resolution still leaves open other possibilities and issues. “Conflict rate”
(as well as “violation rate”) is an important relative measure, but the absolute number of
non-compliance events is also important. For example, in the above cases, NO-LEFT-
TURN violations had the highest conflict rate, but during similar periods of
observations, each of the STOP violations was by far more numerous, and involved
larger number of conflicts. This is not unlike the case of speeding violations, where a
“rate of conflict” would, most likely, be quite low, but the accumulated network impact
of speeding on safety would be, nevertheless, high.

Another general issue implied in the very high rates of the two STOP violations, is the
practical definition of what constitutes non-compliance or violation. Some prohibited
(or required) behaviours, such as no-left-turn, are clear-cut and easily determined when
observed. Others, such as stopping before proceeding crossing or turning right at an
intersection, are less definite and involve judgment both on the part of the driver and the
observer. Furthermore, the literal legal definition – a full stop-may, sometimes, seem
too strict for the conditions. This leads to a less literal interpretation of what is a STOP,
and to a practical accommodation, by drivers, engineers and even police officers, of the
“rolling stop” practice.

A related issue, in the assessment of non-compliance and comparisons across time or
localities, is how well designed are traffic control devices and other roadway features.
As most engineers and TLE professionals know, poor design generates more violations-
either through mistakes, frustration, disrespect of what looks like stupid demands, or via
other mechanisms. Removing design faults can dramatically change apparent
compliance levels. For example, non-compliance with Red Light at low volume periods
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drops as soon as fixed traffic-signal program is modified to a variable one or lights are
yellow-flashing during very low traffic activity. “Not coming to a full stop” becomes a
non-issue, when YIELD signs replace STOP signs, when appropriate.

The last violation type in Table 1, “passing a stopped school bus when prohibited” (at
periods when bus is loading or unloading children) demonstrates the fact that several
traffic behaviours may require unique measurement methods. Defining non-compliance
relative to the number of vehicles passing or overtaking a school bus would be hard to
rationalize as well as difficult to measure. The definition chosen in this case, “percent of
bus stoppings in which a violation has occurred”, can be measured in practice and it
may have a useful meaning for TLE purposes.  However, one can easily imagine local
situations where the above measure would not be useful while an alternative one would.

2.1.3 Non-compliance field studies in Israel

Non-compliance on inter-urban roads

A series of systematic surveys of selected non-compliance events were carried out
during the 90’s, in Israel, in the context of evaluating the impact of newly organised
National Traffic Police force. In the first set of surveys (Hocherman, Zaidel and
Hakkert, 1994, Zaidel, Hocherman and Hakkert, 1994), 28 inter-urban road segments
were sampled from a population of 200 segments, each 10-20 km long and relatively
homogenous. The 200 segments constituted the main inter-urban road network under
the control of the National Traffic Police. Cluster sampling was used in order to
represent different geographical areas, types of roads and ADT volumes.

The actual observation site on each road section was a non-signalised junction with
sufficient volume of traffic and good observing conditions. Traffic behaviour on a
straight section (there was also separate monitoring of junction related behaviour) was
observed on the main road, upstream of the junction, at a distance far enough to prevent
junction influence. The sampling, site selection, and actual observations were carried
out independently of any planned or actual police activity at the road sections. Vehicle
volumes, speeds, and following-distances were continuously recorded during periods
lasting about 24 hours, five times, every two months.

The percentage of vehicles following at a distance of 2 sec or less hovered around the
20% value. Close-following was clearly volume dependent; up to 27% at the site with
the highest traffic volumes and down to 10% at the lower volume scale. Table 2 gives a
summary of speeding data adapted from the larger set of results. Results of two
observation periods-one before and one after a publicity campaign about Traffic Police
activity-are shown here.
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The mean non-compliance with the legal speed limit was 16%, in both periods.
However, looking at individual sites, values ranged from 1% to 53% non-compliance.
The values in Table 2 are speeds averaged across 24 hours or more at each site. Hourly
means, which are affected by traffic conditions, also varies considerably. Speed
characteristics for each site, as seen in both mean speed and % speeding, were very
stable over time. With one exception, changes in speeding were nil or just few points up
or down.

Table 2. Non-compliance with legal speed limit on inter-urban roads in
Israel (adapted from Hocherman, Zaidel and Hakkert, 1994).

Inter-urban road
segment 90 or 100
km/h speed limit

Speeding
month 03 %

over legal limit

Speeding
month 05 %

over legal limit

Mean speed
month 03

km/h

Mean speed
month 05

km/h

Single carriage
1 5 7 74 76
3 13 13 80 79
4 4 4 73 73
5 18 NA 80 NA
6 8 9 75 77
7 5 9 73 77
8 4 2 67 62
9 5 5 68 66
10 3 6 68 71
11 4 7 72 75
12 19 22 82 83
15 3 2 69 67
16 7 4 72 71
17 34 31 85 84
23 1 1 63 63

Dual carriage
2 53 53 101 101
13 53 33 102 96
14 7 7 84 84
18 11 10 76 76
19 20 21 91 91
20 21 16 91 89
21 24 25 90 90
22 9 11 72 72
24 25 25 93 93
25 35 35 96 97
26 17 23 89 93

Mean 16 16 80 80
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Second sets of surveys took place in the late 90’s, before and during a year-long special
campaign to enhance and focus the activities of the National Traffic Police. Traffic
volume and speed monitoring were carried out, with essentially a similar methodology
as in earlier surveys, at 31sites (and 63 lanes) representing dual and single carriageways
(Hakkert et al, 2001).

In addition, systematic observations of traffic / driver behaviours were made at 25
intersections and 7 section sites. Trained observers recorded the following violations:
 Turning from the wrong lane
 Failure to signal before turning
 Failing to STOP
 Failing to YIELD
 Staying in the left lane when the right lane is free (on dual carriageway road sections)
 Crossing a NO-PASSING lane marking (on single carriageway sections)
 Not wearing a safety belt

Table 3. Non-compliance with eight traffic regulations on inter-urban roads in Israel
% of relevant vehicles (adapted from Hakkert et al, 2001).

Violation Pre-campaign During campaign

Speeding (% over legal limit + tolerance) Dual-

 Single-

50%

30%

NA

NA

Turning from the wrong lane 9.1% 4.3%

Failure to signal before turning 27.0% 28.5%

Failing to STOP 34.2% 30.5%

Failing to YIELD 32.7% 19.5%

Staying in the left lane when the right lane is free 4.5% 1.9%

Crossing a NO-PASSING lane marking 6.8% 1.0%

Not wearing a safety belt Driver

 Front seat

12.0%

13.9%

5.3%

4.9%

Each round of observations provided about 15,000 individual records of behaviour.
Data for speeding analysis were used only from hours when traffic could be considered
‘free flowing’ (less than 600/h per lane). This assumes that only free flowing vehicles
could have chosen their own speed. Excluding periods of higher volumes is likely to
increase estimates of travel speeds as well as of speeding. Non-compliance with the
prevailing speed limit (100, 90, or 80 km/h) was most common. On many lanes up to
85% of the vehicles were going 10+ km/h over the limit. Speeding was at a higher rate
during night hours.
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Unlike speeding, the other behaviours were successfully monitored during two periods.
Violation rates varied from a low of 1% in the case of crossing a no passing zone, to a
rate of about 30% in the case of signalling, stopping or yielding. The failure to STOP
(34% and 30%) in this survey compares with 68%  “Non-complete stop at STOP signs”
observed in the FHWA studies reported in Table 1. Before any national or cultural
characterizations are invoked, one must first consider the very likely possibility that the
studies have used different criteria for deciding what constitutes NOT STOPPING
violation. This case demonstrates the general difficulty of comparing the results of
traffic surveys in different countries, and even within the same country in different
projects.

Comparison between the two periods shows mostly improvement in compliance in the
second round. This may indicate that enhanced and targeted enforcement, on the main
700 km part of the inter-urban network, has had a positive impact.

Non-compliance on urban roads

A third set of surveys involved non-compliance on urban roads (Zaidel, 1995, Zaidel et
al, 1995). They were part of an evaluation of the operation of a newly organized Urban
Traffic Police. A major purpose of the surveys was to demonstrate traffic behaviour
monitoring methods specifically suited to urban traffic and safety problems. Therefore,
behaviours such as serious parking violations and illegal BUS LANE use were included.
The monitoring methods included:
 Junction related violations recorded by stationary observers,
 Serious parking violations (e.g. in bus bays, at intersections) recorded by observers

riding on buses
 Illegal bus lane use, recorded by stationary observers or from video
 Dangerous driving events, recorded by a roving panel of participating drivers

Junction related violations

Junction related violations were observed in a stratified sample of 100 major
intersections in three large cities. A total of 12,000 violations were recorded during 385
hours of observations. There were consistent differences between cities in the
occurrence of violations and generally reduced rates (number of events per hour) in the
second round (after deployment of urban police) of measurements. Table 4 shows data
for one of the cities.
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Table 4. Non-compliance events at 28 major junctions in Jerusalem (adapted
from Zaidel et al, 1995).

First Round (73 hrs.) Second Round (69 hrs.)

Violation type Number Per hr. Number Per hr.

Entering on RED 44 0.6 76 1.1

Blocking intersection 117 1.6 111 1.6

Illegal lane use 226 3.1 69 1.0

Right-of-way of other vehicle 80 1.1 28 0.4

Parking or stopping at junction 124 1.7 90 1.3

Right-of-way of pedestrian 117 1.6 28 0.4

All Vehicle non-compliance 708 9.7 402 5.8

Pedestrian non-compliance 1175 16.1 1053 15.2

All non-compliance 1883 25.8 1453 21.0

These data show that entering on RED (that is, “running a red light”) is only one of
several types of violations in the vicinity of urban intersections and not the most
common one. Even in signalised intersections, many traffic violations (and safety
problems) are associated with behaviours other than running a red light. For example,
not giving right of way to pedestrians or to bicycles. In Jerusalem, there was generally
an improvement in compliance following intensified TLE by police. This did not
happen in the other two cities. As in the other national level surveys, there were large
differences in non-compliance rates and patterns between individual sites.

The measure of “violations per hour of observation”, which has been reported by other
studies as well, is a useful one for TLE purposes. If non-compliance monitoring is done
in a consistent manner, the measure is directly related to changes in the frequency of a
given violation in the traffic environment. Such measure can be used with almost any
behaviour thus avoiding the difficulties of comparing compliance rates based on
different measures.

Parking violations

As in many other countries, municipal parking wardens handle most of parking
violations in urban areas in Israel. Police officers may, however, issue traffic citations or
remove parked vehicles in the more serious cases, such as when a stopped or parked
vehicle interferes with the flow of traffic or endangers other vehicles or pedestrians. The
Urban Traffic Police targeted improved parking and stopping compliance as an
objective for overall safety management in towns.
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The method developed for monitoring parking violations was based on having an
observer onboard a bus, during its regular run on city’s streets. In each city a
representative sample of 6-8 bus lines was selected. At least one round trip was made on
each line, at specified hours. An observer, sitting in the front seat, recorded stopping /
parking violations at bus stops, at junctions (where parking is prohibited) or at other,
clearly prohibited, locations along the route. The bus was a convenient high and mobile
platform for observing other vehicles and not the object of observation itself.

A total of 11,000 parking violations were recorded (in the three cities) during 270 hours
of observations from inside the buses, a rate of 41 violations per hour of moving
observation. This is a high rate of parking violations of the type that interfere with
traffic flow and reduce safety on urban roads. There were differences between cities in
the rate of violations, possibly related to density of traffic and of the urban environment.

Illegally stopped or parked private vehicles blocked 10% to 24% of bus stops, when the
bus (with the observer) arrived. This situation forced the bus to stop farther away from
the curb, block a traffic lane, enter back into the traffic stream at a sharp angle or do
other manoeuvres, all which put the bus, bus patrons and other vehicles at an extra risk.

Table 5 shows more detailed results from the parking monitoring in Jerusalem.

Table 5. Parking related violations (serious only) on Jerusalem streets (adapted from
Zaidel et al, 1995).

First Round (18 hrs.) Second Round (47 hrs.)

Type of parking violation Number Per hr. Number Per hr.

Vehicle blocks bus stop 298 16.6 584 12.4

Parked in junction 96 5.3 224 4.8

Other parking violations 241 13.4 385 8.2

All Parking violations 635 35.3 1193 25.4

Blocked bus stops 13.4% 9.5%

It appears that during the second round of observations there was an improvement in all
measures of parking compliance, compared to the first round. This trend was not
observed in the other two cities.

Bus lane violations

Another traffic violation that is typical of an urban road network is the use of BUS
LANE by unauthorized vehicles. Monitoring compliance is relatively simple. In these
surveys, a sample of sections was taken from a list of all bus lanes in each city.
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Observers were given a schedule and fixed observation vantage points to record, on
mechanical counters, all vehicles passing on the BUS LANE.

Table 6 shows violation rates of using a BUS LANE, in one city. Six sections of
different lanes were monitored twice, about a year apart.

Table 6. The use of BUS LANE in Haifa by prohibited vehicles
(adapted from Zaidel et al, 1995).

First Round
 (15hrs.)

Second Round
(6 hrs.)

Total vehicles counted 4183 3003

Prohibited vehicles 1715 1141

% in violation 41% 38%

Violations per hour 114 140

The rate of non-compliance was high and remained similar (41% and 38%) in the two
observation periods. At the same time in the city of Tel-Aviv, with generally denser
traffic, the rate was only about 20%. There were almost no violations in Jerusalem.
Between-city differences are best explained by the design of the BUS LANE and nature
of prohibition, rather than traffic volumes, TLE, or drivers’ nature.

The rate of non-compliance was high and remained similar  (41% and 38%) in the two
observation periods. At the same time in the city of Tel-Aviv, with generally denser
traffic, the rate was only about 20%. It was best explained by the design of the BUS
LANE and nature of prohibition, rather than traffic volumes, TLE, or drivers’ nature.

The last row of Table 6, showing the number of violations per hour of observation,
demonstrates the subtlety of using a given type of rate in different contexts. In this case,
the apparent increase in the number of violations per hour (contrary to the slight
decrease in % non-compliance) is a reflection of higher volume of vehicles, both
authorized and prohibited, passing on the BUS LANE in the 2nd round.

Dangerous driving violations

Outright dangerous, very annoying, or extremely inconsiderate -all invariably also
illegal -driving behaviours are, fortunately, relatively rare events (in a given traffic
context). However, these are the behaviours (or, more objectively, traffic events) that
citizens have in mind when they demand more TLE.  How prevalent are such events?
How to monitor their occurrence? They may take place anywhere and at anytime, and it
is practically impossible to anticipate them. Stationing observers at fixed locations
would generate little data at a large cost and be hardly representative of a large urban
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area. Therefore, a special method was developed for monitoring these more extreme but
rare events, in an urban environment.

The “Roving Panel of Drivers” method combined the travel-log technique with the
advantages of a specially recruited panel of drivers, who have long daily exposure, and
travel all over town. Local bus and taxi drivers were recruited for a panel. They kept
standard descriptive logs of every instance of exceptional driving event they noted
during their regular work shift and also during their private driving in town. Exception
was defined as something that attracted their attention and gave them an instant “gut
feeling” that something very dangerous, very annoying, or extremely stupid is taking
place in traffic. The survey lasted several weeks. Log forms were collected every week.

The 20 drivers in the panel accumulated 1500 observation hours in which they reported
600 events. Examples of two reported events:
 “At 06:11 in (location) car speeds in a curve, crosses to opposite lane, almost hits

oncoming car.”
  “At 18:20 in (location) truck backs-up from a one-way street at a T junction, into the

crossing street, while the signal is green and traffic moves on the crossing street.”

Table 7 lists the frequency of events reported by the panel. The events were classified
by the researchers from the verbal descriptions in the logs. Also noted were accident
events.
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Table 7. Frequency of exceptionally dangerous, aggressive, or annoying behaviours
reported by a panel of drivers in the city of Haifa, Israel (adapted from Zaidel et al,
1995).

Behaviour category Instances
 recorded

Instances
per 100 hrs

Overtaking or cutting in front 147 9.3

Stopping or parking 104 6.6

Usurping right of way 80 5.1

Running a red light 72 4.6

Pedestrian self risking act 58 3.7

Endangering a pedestrian 51 3.2

Wrong way driving 29 1.8

Speeding or closing in 27 1.7

Blocking an intersection 23 1.5

Ignoring a stop sign 14 0.9

Various other 14 0.9

Total 619 39.3

Accidents 13 0.8

The roving panel of drivers, who spent at least 8 hr a day driving around town, reported
an average of 0.4 exceptional events per hour of observation. The types of behaviours
reflect an urban traffic environment, with lane manoeuvres, parking, forcing right of
way and running a red light topping the list. The ratio of observed traffic accidents to
that of other events recorded by the panel was 1:50, which is of interest in itself.

2.1.4 National non-compliance information

National estimates of non-compliance-especially in the areas of speeding, drink-driving
and non-use of safety belts-were sought in the GADGET project. Fellow researchers in
institutes participating in GADGET, and especially those who were partners to the work
package dealing with enforcement, provided data or informed estimates about non-
compliance. Zaidel (2000) provides a detailed description of the information, the
process of data collection and their limitations.

Table 8 presents the best national estimates given, in several countries, of the violation
rate with respect to speeding, drink-driving and not using safety-belts. To make
estimates more comparable, the nature and severity of speeding and DUI were more
specifically defined for the participants in a context of common driving scenarios.



Project “ESCAPE”
David M. Zaidel Non-compliance and accidents

December 2001

32

Table 8. Estimated violation rate of speed, drink-drive and safety belt, in several
European countries (adapted from Zaidel, 2000).

Austria Czech
Rep Finland France Israel NL Norway Portugal

UK-
England
& Wales

Estimated
violation rate:
25 km/h over
speed limit

5.8% on
100 km/h
limit

0.7% on
130 km/h
limit

10% < 1 % 76%
highway
at night

19% -left
lane,

10% -right
lane

11% to 52%
depending
on type of
highway &
speed limit

4-% to -9%
Motorways

15% to
20%

Estimated
violation rate:
1.5 x over
legal BAC
level

3% 0.23%
road side
random
testing

1.7% 4.3% Not
random
testing

0.1% road
side random
testing

40% not
random
testing

1%

Estimated
Violation rate:
not using
safety belt

25% 30%    8 % 12% 20%-33% 18% on
inter-urban
roads

10% 10%

The values in Table 8 show large range and large differences among countries.
Estimated speeding (here 25+ km/h over legal speed limit) varies from a fraction of a
percent to over 50%, depending also on the characteristics of the inter-urban roads.
Drink-driving with BAC level 50% higher than the legal limit is, with one exception,
estimated to be, relatively, not very common. Countries that carry on road-side random
breath tests have more accurate data as well as lower violation rates. The use of safety
belts by drivers and front seat passengers appears to have peaked at about 88% to 92%
in a number of countries, but non-compliance at the back seats is still high.

Two countries, Norway and Sweden, provided more detailed national level data about
compliance with various traffic regulations. Elvik (1997), compiled compliance
information from several years of surveys in Norway.  Table 9 presents a summary of
this review. (Data provided by Vaa). The full references for the original surveys are
given in Elvik (op. cit).

Not surprisingly, compliance is less than 100%, particularly with respect to speed limits.
Around 30-40% of all vehicle kilometres driven on public roads in Norway, are in
violation of speed limits. Seat belt wearing is over 80%, and as high level in rear seats
as in front. Drink-driving is at a very low level in Norway compared to most other
motorised countries. According to a roadside survey made in 1981-82 driving with an
illegal BAC amounts to no more than 0.27% of all kilometres driven. The current level
of drinking and driving in Norway is likely to be even lower, although precise figures
cannot be given.
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Table 10 presents similar data for Sweden, based of field surveys conducted by SNRA
and VTI in Sweden. (Data provided by Andersson and Vaa). By and large, compliance
levels in Sweden are similar to those in Norway.

Table 9: Compliance rate (%) with various traffic regulations of the
Norwegian Traffic Code

Type of law / regulation Compliance
(%)

Year of data
collection

Speed limits: 50 km/h 56 1980-85
60 km/h 65 1980-85
70 km/h 70 1980-85
80 km/h 58 1980-85
90 km/h 45 1980-85
90 km/h, motorway class B 70 1995
90 km/h, motorway class A 20 1995

Seat belt-front seats
Urban areas 70 1995
Rural areas 84 1995
All roads 79 1995

Seat belt – rear seats
Urban areas 77 1996
Rural areas 86 1996
All roads 83 1996

Child restraints All roads 78 1996
Helmets: Moped and motorcycles

Urban areas 98 1993
Rural areas 100 1993
All roads 99 1993

Drink-driving (BAL=0.05)
Urban areas 99.58 1981-82
Rural areas 99.79 1981-82
All roads 99.73 1981-82

Obeying RED signal light 99.17 1996
Giving way to pedestrians at / in pedestrian
crossings Priority roads

53 1991-95

Giving way at junctions Priority roads 94 1991-93
Daytime running lights All roads 90-95 1989-90
Driving / Resting hours (heavy vehicles) 88 1984-85
Weight limits (heavy vehicles) 98.20 1987
Studded tyres in winter 98.10 1988
Driver’s age requirement  (18 years) 99.94 1991-92
Driver having required visual acuity 97 1992
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Table 10: Compliance rate (%) with various traffic regulations in Sweden

Type of law / regulation Compliance
(%)

Year of data
collection

Speed limits: 50 km/h urban 46 1998

70 km/h urban 61

70 km/h rural 47

90 km/h 48

110 km/h 44

Seat belt-front seats

Urban-driver 77 1998

Urban-passenger 81

Rural-driver 82

Rural-passenger 87

Seat belt – rear seats All roads 74 1999

Helmets: Mopeds and motorcycles

All roads 99 (Estimate)

Drink-driving (BAL=0.05) All roads 99.8 1996

Obeying RED signal light 97.7 1997

Observing STOP sign 64.7 1997

Giving way to pedestrians at / in pedestrian
crossings Priority roads

28-40 1995

Giving way at junctions Priority roads 75-88 1995

Daytime running lights All roads 99 (Estimate)

2.2  SELF REPORTED NON-COMPLIANCE

2.2.1 International comparisons – SARTRE and DBQ

Drivers readily admit to having committed various traffic violations, occasionally or
regularly. Asking drivers to report on their violations (not necessarily known to
authorities) is a common procedure in studies about driving attitudes and behaviour. For
example, in recent years, many driver surveys employ the Driver Behaviour
Questionnaire (DBQ) tool, developed in Manchester University, for investigating links
between accident involvement, violations, errors and other driver characteristics (e.g.
Parker et al, 1995; Åberg and Rimmo, 1998; Stradling et al, 1998; Sullman et al, 2000).
This tool requires the respondents to rate, on a 6-point scale, how often they commit a
given violation. Other surveys may use other scales or ask for the number of times a
given violation (e.g. running a RED signal light) was committed in a given period.
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The largest recent survey that included driver-reported violations is the SARTRE II
survey of attitudes and behaviours of European car drivers (SARTRE II reports, 1998-
99). Nationally representative samples of active drivers from 20 European countries
participated in this survey. It was conducted in 1995 using a common methodology and
joint analyses of the data. The survey asked about violations in three areas: speeding,
drink-driving and non-use of safety belts.

Table 11 compiles results from the SARTRE II survey, the larger DBQ-based studies in
a number of countries, and one simple telephone survey from California. All of these
surveys addressed a number of violation categories. The particular research literature on
speeding, alcohol or safety belts includes many cases of self-report surveys about each
separate issue; these have not been reviewed here.

The SARTRE 2 data show that about a quarter of European drivers report that they
usually exceed speed limits on motorway, eight % do this in built-up or residential
areas, nearly 40% fail to use their safety belts when driving in town, and 4% report that
they have been drink-driving at least once in the last month. There are large differences
between countries in the rate of reported violations, with ranking being somewhat
different for each violation category.

The Southern California data come from an opinion telephone survey. Each of the
relevant items here was phrased in a different way. The question about speeding asked,
“How often do you drive faster than the speed limit” and did not differentiate the type of
road. The drink-drive is about “at least once in the past year”, and the enter RED light is
about “at least once in the past month”. Consequently, it is not possible to compare the
California data to the European findings.

The values of the DBQ-based surveys represent means of a rating scale with 0
corresponding to “never” and 5 corresponding to “always”. A higher value implies a
larger proportion of drivers admitting to commit the violation. In the absence of a
benchmark relating such ratings to % compliance in the population it is difficult to
directly project the TLE implications of the ratings or to compare them to SARTRE
type data. This limitation, however, does not detract from the usefulness of rating
instruments for tracking changes in reported compliance, comparing different groups or
exploring theoretical issues.
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 Table 11: Driver’ self-reported violation rates in national level surveys
(adapted from sources listed)

Speeding
Motorways

Speeding
built-up

Drink-
driving

Belt non-
use, urban

Enter on
RED

% Answering relevant options
Austria 1 19 7 5.6 26
Belgium 19 12 7.0 43
Finland 14 7 0.0 19
France 22 8 3.4 22
Germany 18 7 3.4 18
Greece 38 7 13.1 85
Italy 23 11 5.6 84
Netherlands 27 8 1.1 36
Portugal 48 15 3.7 25
Spain 30 7 5.0 49
Sweden 34 3 0.1 18
UK 29 6 1.9 11
EU mean 24 8 3.8 36
Czech Rep 17 6 3.4 59
Hungary 15 8 0.8 39
Poland 16 9 2.1 24
Slovakia 15 9 3.6 52
Slovenia 34 5 6.9 40
Switzerland 23 2 7.7 27

California 2 50% 8.0% 20%

DBQ surveys (0-5 scale)
UK 3 1.68 0.22 0.75
UK 4 2.10 1.30 0.30 0.90
Sweden 5 2.73 0.11 0.14
NZ 6 1.45 0.80 0.24 0.54

1. SARTRE 2 (1998) – Austria to Switzerland
2. Hemenway & Solnick (1993)
3. Parker et al (1995)
 4. Stradling et al (2000)
5. Aberg & Rimmo (1998)
6. Sullman et al (2000)
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2.2.2 Issues in interpreting survey results

Non-compliance values generated from survey questionnaires are greatly influenced by
the exact wording of questions, the reference periods, the traffic context implied, and
other factors typical of survey techniques in general. Only the SARTRE surveys are
being conducted in a standardized manner, over time and across countries, so that their
data could be used as a monitoring tool.

The accuracy or validity of the self-reports is another matter for concern but, perhaps,
not such a serious one. It turns out that drivers report more instances of non-compliance
than what is on their official violations records, and correlations between reported
violations and recorded or reported accidents are as good or better than between the
corresponding official records (e.g. Arthur et al, 2001). One would expect that drivers
could report more violations than what is recorded on their police records. After all,
police traffic citations represent only a small fraction of actually committed violations.

A general limitation of non-compliance data based on driver surveys is the lack of
knowledge about how to relate the drivers-linked data to roadway-linked information.
For example, when 4% of surveyed drivers report of drink-driving at least once a
month, how does it translate to the number of affected vehicles on the roads at any
given time, or the likelihood of a positive drink-driver identification in a random road
block? This is even more of a problem in the case of relative ratings, such as in DBQ
surveys. Education, safety campaigns, training and other activities guided by individual
differences could benefit directly from driver survey data, but direct TLE operations
need a firmer connection to violation time and location information.

Asking drivers to report about non-compliance events, rather than about their own
behaviour, is a way of combining a driver survey technique with the method of field
observation at specific sites. In the “hybrid method”, a large sample of drivers are asked
to report on specific instances of non-compliance they have noticed during a trip just
before the interview or relative to some other common denominator. This way, their
data can be compared to other field observations.

For example, as part of an evaluation of a National Traffic Police (Zaidel, Hocherman,
& Hakkert, 1994), over 1000 drivers were surveyed at petrol stations distributed on the
network of interest. Some of the questions asked about the road and distance travelled
that day up to the interview, number of extremely dangerous events along the way,
number of patrol cars, proportion of speeding drivers. Their answers were not only
internally consistent, but also in high agreement with “objective” data based on speed
measurements and trained observers who monitored the same roads.



Project “ESCAPE”
David M. Zaidel Non-compliance and accidents

December 2001

38

2.3 RECORDED VIOLATIONS AND THEIR PREDICTORS

2.3.1 How many and what kind of violations are recorded

The record of citations (or charges) resulting from enforcement activities by police, or
traffic wardens, is a special sample of all traffic violations that take place on the roads.
It is certainly not a random, representative sample of the population of violations.
Current TLE policy, in every country, assumes that police can attend to only a very
small fraction of actual violations being committed. Therefore, TLE is always selective,
whether authorities profess to it or not. Selective practices may include the following,
explicit or implicit, rules:
 Focus on “important” violations-accident related, socially unacceptable, etc;
 Enforce what can be easily detected;
 Prosecute what can be easily defended in court;
 Enforce at locations that are more important is some sense;
 Enforce in time and place where violations are common;
 Enforce driver or vehicle classes that are more delinquent or “risky” in some sense;
 Given fixed and limited police resources, balance TLE with other police

responsibilities;
 Don’t overload the administrative and judicial systems with too many citations and

charges;
 Be tuned to political-public demands or expectations.

A citation is usually registered in a person’s driving license record and the police, or
some other state authority, may also maintain an administrative / statistical file of the
citations, if for no other reason than to keep proper financial controls. Countries in
Europe differ in the policy directing selective TLE, in the intensity of citation-giving, in
the nature of violations that are kept on a driver’s record or in a public registry.
Countries also differ in the completeness and quality of their recorded violation data
files. Therefore, comparative data of official violation records reflect the policy and
practice of detecting, recording, and reporting violations, as much, or more, as the true
rate of violations.

Table 12 presents national level data about recorded violations in several European
countries. Zaidel (2000), describes in detail the sources and limitations of the data. In
order to put the absolute figures in context, population size and the sum of patrol hours
by traffic police are shown as well. Patrol hours can be taken as a rough estimate of
police activity directly related to violation detection. With the exception of one country
(Portugal), the countries allocate a fairly similar level of effort to patrolling, as indicated
by the ratio of patrol hours to population size. However, the number of citations
generated in each country by policing is very different. This is reflected in the ratio of
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tickets to population, which ranges from 2.4 to 44.4 tickets, annually. The ratio is not
correlated with the amount of patrolling.

National differences in TLE policy and practices clearly determine the number and
share of speeding, DUI, non-use of safety belt and other type violations recorded by
police. For example, in some countries police issue many speeding tickets and use many
automatic cameras for that purpose. Countries with a policy of random, alcohol breath-
tests (RBT) or allowing the use of evidential breath test devices (EBT) in lieu of blood
tests, are more likely to administer many tests and issue a large number of DUI
citations. Likewise, in countries with primary enforcement of safety belt laws, police
issue relatively more belt related citations.

It certainly cannot be assumed that lack of citations for a given violation type is always
a sign for a low rate of violation, or that a (national) record of many citations always
indicates high violation rate. For example, some countries (e.g. NL) with small number
of DUI citations have, nevertheless, a relatively high rate of DUI behaviour, as
measured in random surveys. In other countries (e.g. Finland), police generated
relatively many DUI citations and tests, but the rate of DUI behaviour is very low. Yet
Norway has also maintained a low rate of DUI behaviour, with much smaller citation
level than in Finland.

Annual, national violation data tend to be rather stable, suggesting that with a fixed
police force and the same basic policy and legal framework, the distribution of recorded
violations remains the same over time. In fact, a noticeable shift in the distribution of
recorded violations is often suspect, prompting a search for changes in legal definitions,
enforcement practices or in administrative procedures that might explain the shifts,
before they can be attributed to genuine changes in violation rates.

Table 13 is a typical example of yearly violation statistics in one country. It shows the
record of all criminal offences, traffic violations and drink-driving violations from 1970
on. Since 1995 (perhaps during the period between 1990–1995) the number of recorded
violations is quite stable. The only significant change, in 1999, is a result of a legal-
administrative change.
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Table 13: Time series of recorded violations in Finland (adapted
from Finland in Figures, Justice information, official website)

Offences against the
Penal Code

Offences against
Road Traffic Act

Drunken driving

1970 132 238 186 453 9 289

1980 221 106 215 281 20 436

1990 435 154 367 571 29 759

1995 381 652 351 714 21 098

1996 376 788 350 844 21 044

1997 373 846 327 355 21 659

1998 383 479 338 963 21 850

1999 1 509 606 2 213 651 21 940

*2000 537 489 213 421 24 605

1) From 1999 onwards, offences against the Penal Code contain offences
previously recorded under the Road Traffic Act.
2) From 1999 onwards, most traffic offences redefined as “traffic infractions” and
the more serious ones moved under the penal code category.
*) Preliminary data

An examination of the more detailed distribution of citations in police violations records
gives a better sense of what police actually do when they actively enforce traffic law.

Table 14 shows the distribution of over 1.6 million traffic citations issued by Israel’s
police to drivers, cyclists and pedestrians during one year. Roughly 40% of the citations
are “moving violations” (including belts and drink-driving) that can be construed as
driving behaviours with clear associations to accident risk. Most of these are
behaviours that require detection in real time, evidence that includes description of
traffic and road, or the use of specialized equipment. The other 60% of the citations, so
called “technical citations”, went to violations that are relatively simpler to detect or to
prove. (It should be noted, however, that in some cases the “technical citation” is a
secondary one resulting from the driver being stopped for a moving violation. This is a
common practice in all countries.)

Table 14 shows the distribution of over 1.6 million traffic citations issued by Israel’s
police to drivers, cyclists and pedestrians during one year. Roughly 40% of the citations
belong to violation categories are “moving violations” (including belts and DUI) that
can be construed as driving behaviours with clear associations to accident risk. Most of
these are also the behaviours that require detection in real time, evidence that includes
description of traffic and road, or the use of specialized equipment. The other 60% of
the citations, so called “technical citations”, went to violations that are relatively simpler
to detect or to prove. (It should be noted, however, that in some cases the ‘technical
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citation” is a secondary one resulting from the driver being stopped for a moving
violation. This is a common practice in all countries).

While the details of a distribution vary from country to country, and within police
regions in the same country, the pattern tends to be rather stable unless a clear shift in
policy is introduced along with accompanying legal and administrative procedures.

Table 14: Number of traffic citations issued by Israeli Traffic Police during 2000, by
category of violation (adapted from Israel Bureau of Statistics website)

Type of violation Number of tickets

Parking (not including citations issued by
municipal wardens) 300,380

Speeding 282,478

Various: signalling, blinding, not yielding,
reversing, bicycles, drink-driving, wrong lane,
polluting and others kinds 200,000

Lack of valid license, registration, insurance etc 133,511

Safety belts 131,952

Not carrying license, registration, insurance etc. 116,208

Mechanical defects 72,141

Illegal turns 69,780

STOP sign 63,899

Other regulation signs 57,920

RED signal light (mostly by cameras) 41,187

Pedestrian behaviour (mostly crossing against
RED light) 37,808

Vehicle lights not functioning properly 33,041

Staying in left lane when right lane is clear 23,390

Loading related 19,057

Regulation markings 16,762

Overtaking in no passing zone 12,989

Total 1,612,503

A comparison between violation patterns of two years in Israel demonstrates both the
stability of general citation patterns, and the possibility for large changes. Data in Table
14 was matched to a comparable distribution of citations from eight years earlier (1992),
when the size of traffic police force was about half. Indeed, double force size produced
nearly double quantity of citations – 1.6 million in 2000 to 0.9 million in 1992.

The increase, however, was not across all categories. The number of speeding and
safety belt citations increased four fold, in line with policy shift in 1994 and substantial
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use of automatic cameras for speed detection. The number of violations related to
parking, licenses and insurance, and improper vehicle light, doubled. The changes in the
size of the other violation categories were small, some increased and some even
decreased. During the same period, the population of drivers increased by 40% and the
annual kilometreage rose by 60%, providing a potentially larger population of violations
and violators to sample from.

In conclusion, absolute numbers and type-distributions of traffic citations reflect, first,
the level of resources put into detection and prosecution of non-compliant behaviour. In
addition, they reflect the detection policy, the legal, procedural and administrative
framework of traffic policing, and the technological means for detection. All these
factors determine the rates of officially recorded violations as much, or more, as the true
incidence of the behaviours in traffic.

2.3.2 Factors associated with recorded violations

Traffic citations data could be compiled and analysed, in principle, in conjunctions with
three classes of factors, serving three major functions. The first function is
administrative. Within a police force, citations are outputs while policing resources,
planning, procedures etc., are inputs. Organization analysis may look into questions
such as the efficiency of the policing process, bottlenecks in the process, the
productivity of various units or enforcement means, the match between planned
operations and actual outcomes, the effectiveness of the process with respect to
compliance or safety. Only few police forces undertook such analyses, and even than
only as a one time study (e.g. Zaidel, Hocherman & Hakkert, 1994), rather than as an
ongoing management tool.

The second potential use of citations data could be for identifying roadway factors,
traffic controls, vehicle factors or environmental conditions, which consistently generate
violations. This would require using the information on the citations, disregarding the
identity of a violator, in a similar way that accident data are compiled and analysed. For
example, analysis of all STOP sign violations could reveal a high proportion of citations
issued at rural junctions in few police regions. This, in turn, would suggest looking into
the design practice used to decide between STOP and YIELD signs, and also check the
practice and criterion used by police to enforce this law. Another example would be to
analyse “defective vehicle lights” violations in order to possibly identify types of
vehicles prone to such violation and later work with the manufacturers to correct the
problem.

At present, a police officer, or a commander of a traffic unit, might notice that many
similar citations are issued at a particular location, or to a particular truck model. They
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might think of an explanation and propose that there is a design problem at the site, or
of the vehicle. However, such fortuitous intuitions are rare. Analyses of the large
number of citations could identify more promising links. Surprisingly, police forces do
not analyse citation data with this function in mind, and most of them do not keep the
relevant traffic and vehicle information in the citation database.

The third, and currently dominant, way of analysing citation data (or, more commonly,
self-reported citation or violation data) is linking violations to various personal factors-
that is, investigating individual differences with factors such as gender or age. This is
understandable in view of the psychological / criminological interest in the personal
antecedents of non-compliance. It is less clear why it should be of much interest to TLE
proper. Traffic policing and enforcement is about compliance, irrespective of the
personal attributes of the offender-young or old, man or woman, poor or rich, manager
or worker. In fact, in answer to questions about police enforcement being targeted to
various driver groups, police representatives flatly rejected this approach (Zaidel, 1999).

Personal factors correlated with violations

Gender and age are the most common personal factors that could be linked with
violations (simply because they are routinely recorded on all administrative forms).
Table 15, from Denmark, is a typical outcome of such analysis.

Table 15: Official traffic violations by type age and gender (adapted from Denmark
Statistics website, Table203)

Age group

Offence Type

15-19 20-24 25-29 30-39 40-49 50 + Men Women Total

Total 5825 12349 134611 25625 15702 14610 76276 11268 87562

Drunk driving 546 1 73 1182 2095 2501 2103 9521 879 10400

Driving under the
influence (DUI)

229 836 767 1795 1690 1334 5993 658 6851

Vehicle deficiencies 196 404 234 328 190 175 3116 105 3221

Other offences 3384 10572 12035 22607 13011 12332 63639 10302 73941

Non-compliance with
speed limits

113 6 01 8420 15863 8 899 7872 41960 7308 49268

Non-compliance with
orders

193 903 1019 1677 804 747 4576 767 5343

Failure to give way 222 455 382 800 608 1289 2680 1076 3756

Overloaded vehicle 19 168 364 1018 782 717 3012 56 3068

Other 137 2145 1850 3249 1918 1707 11411 1095 12506
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Clearly, men account for the majority of recorded violations. The age distribution of the
offenders is rectangular (except, of course, in the two end categories), with each age
cohort represented about equally in the annual harvest of traffic convictions.  An
examination of the data according to type of violation brings out the fact that the
relationship of violations with either age or gender is more complex and that it mainly
reflects underlying patterns of exposure and mobility.

For example, in the category of failure YIELD, the ratio of women to men drivers is 2
to 5, whereas in the category of “overload” it is less than 2 to a 100. Women tend to
drive more in urban areas, with many YIELD signs and junctions, and women are less
likely to drive trucks, which attract most of the overload citations. Young drivers are
over-represented in the category of “vehicle deficiencies” compared to any other age
group-most likely because they have less money and drive old cars.

Why are there fewer women than men in the violation database? Most likely because
fewer of them drive and those who do, accumulate fewer km per year, on the average.
Therefore, if one wants to test hypotheses about the tendency of women to commit
violations (analogous to testing hypotheses about the tendency to get involved in
accidents, or drive in a risky manner) one has to analyse a database that includes all
drivers (or a representative sample of them) and control for obvious exposure factors.

Many such studies were reported over the years. Some studies (e.g. Peck & Kuan, 1983)
used “Driver Records” maintained for administrative purposes or in support of demerit
point systems; other studies relied on driver surveys, where the respondents are asked to
report about their past violations and accidents, exposure characteristics, opinions and
attitudes (e.g. Rajalin, 1994). The recurring conclusions of both type of studies are that
gender differences diminish considerably once exposure is accounted for, that young
male drivers tend to commit more violations, and that additional personal factors-such
as class or education-add only marginally or nothing the explanation after exposure, age
and gender are controlled for.

A recent European study, which also includes a concise review of previous studies, is
particularly useful because of its large size and a careful survey methodology (Lourens,
Vissers & Jessurun (1999). The study, in The Netherlands, used the data of a large
group of drivers (over 35,000 respondents) drawn from a representative, standardised
and repeated sample survey of the whole population. Respondents provided detailed
information about citations, accidents and exposure in the “last year”. The results
clearly corroborate previous findings about the strong link between exposure and
violations, fairly large age influence, and marginal influence of gender and other
personal variables. For example, 8% drivers in the group with annual kilometreage of
up to 5000 km had reported violations in that year, compared to 40% of the group of
drivers with 50,000 km or more that year.
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How stable are individual differences in the tendency to commit or incur traffic
violations? In operational terms this question can be reframed as: do people who have
the most violations in one period, have a similar record in a subsequent period? Two
classic studies, based on longitudinal analysis of all drivers’ records in the states of
California and North Carolina provided a qualified affirmative answer (Coppin,
McBride, & Peck, 1965; Stewart & Campbell, 1972). Drivers who had traffic
convictions on their record in a given period were more likely, (by a margin that
increased with the number of convictions and decreased with the passage of time), to
have them also in the next year(s). However, most drivers in a given year did not incur
any violations and most of those who incurred multiple violations in a given period had
fewer or no violations in the next period.

A recent study did a similar analysis of the driving records of 11,000 young drivers in
Michigan, who were monitored for at least six years (Elliott et al, 2000). The results
were very similar. Also here, in any given year, a small group of drivers accounted for
disproportional percent of the violations. For example, 2.5% of the drivers had 3+
convictions in the first year; the same group accounted for 9.7% of all convictions in
year two.  However, with the young sample, the stability (implied in the size of the odd-
ratio, testing for the hypothesis that the offenders group in period one is over-
represented in period two) was smaller compared to inferences from the earlier studies,
which analysed the whole range of ages.

The authors attribute this finding to the role of experience, which in the case of young
drivers overshadows the personal tendency to commit offences-all of them make more
violations due to lack of skill. It should be pointed out that in this and the earlier studies
there were no data to control for exposure-that is, separate the personal “trait”
component from the mobility component such as the fact that those who consistently
drive a lot, are likely to consistently incur more citations.

A host of psychological constructs, attitude dimensions and life style factors have been
proposed as predictors or explanatory terms for the apparent differences in violation
rates (and accident rates) among individuals, mainly young people. Usually in studies of
these factors, samples of drivers fill in survey questionnaires and tests, which embody
the psychological concepts. In addition, drivers provide information (or an official data
source is used) about driving, violations and accidents. Each driver, then, has a score on
each of many measures and scales. In the analyses, the investigators are attempting to
identify significant, non-trivial, directional (if possible) relationships between the
measures.

Scores of psychological factors have been shown to correlate with violations (and
accidents) in hundreds of studies ranging from small selective clinical studies to large-
scale representative surveys. In surveys, the correlation between a proposed factor and
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violations is in the range of 0.2–0.3, which may be just sufficient for confirming an
hypothesis, but of little practical use for TLE. Ferguson et al (2001) and Underwood et
al (1999) provide concise and selective overviews of key studies in this area.

An example of a relatively large European study (Rimmo & Åberg, 1999), illustrates
recent attempts to combine a cluster of theory-guided psychological concepts with solid
survey methodology and sophisticated analysis tools. The study involved 700 young
(18–27 years old) Swedish drivers who were administered modified versions of the
Driver Behaviour Questionnaire-DBQ (Reason et al, 1990), and the Sensation Seeking
Scale originally introduced by Zuckerman (1994-his later review book). The DBQ had
32 items referring to four behaviour categories-violations, mistakes, inattention errors
and inexperience errors. An example for each category follows: “deliberately disregard
speed limit”, “misjudge gap when overtaking”, “fail to notice green traffic signal”, and
“shift into the wrong gear”, respectively. Drivers rated on a six-point scale ranging from
0 (never) to 5 (very often) how often they had experienced each situation while driving.
The Sensation Seeking Scale included 80 statements referring to two motivational
dimensions-Thrill and Adventure Seeking, and Disinhibition. For example, “I often
wish I could be a mountain climber” (TAS scale); “ I like ‘wild’ uninhibited parties”
(Dis scale). Drivers rated, on a six-point scale, how much they agreed with each
statement. In addition, respondents provided information about their annual
kilometreage, accidents and offences (as distinguished from the rating on violation
items in the DBQ).

Figure 1: Conceptual framework and results of a survey relating
individual differences to reported violations and accidents (adapted from
Rimmo & Åberg, 1999)

Figure 1 presents a summary of the proposed mechanism linking the concepts, and the
main results of the analysis. Every driver might sometimes behave in an aberrant
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manner-make errors due to inattention or lack of skill, make mistakes due to
misjudgement, or act wilfully and selfishly against the norm or the law. These
behaviours are only sometimes exhibited as overt traffic infringements, and even less so
detected by police and recorded as offences. However, drivers themselves have a sense
of how often they behave like that and can report it via the DBQ. The combination of
wilful violation with a mistake or an error at the same time could, albeit very rarely, end
up as an accident.

The next suggestion is that some people are more inclined to engage in aberrant driving
behaviour due to an innate disposition for thrill and adventure and the willingness to
take risks for experiencing the thrill. Furthermore, this personality disposition can be
assessed via the Sensation Seeking scales. Since amount of driving, gender and age (not
shown here because all drivers were young) are known to strongly influence the number
of both offences and accidents, the empirical issue is whether the proposed mechanism
provides a better prediction than exposure, age, and gender.

Figure 1 shows linear regression model of the structural relations between the sensation
scales, the DBQ scales and the dependent variables-offences and accidents, controlling
for exposure, age and gender. Without going into the technical details of the analyses,
the theoretical interpretation of the findings can be still appreciated by quoting (with
slight editing) the authors, p 162:

“According to the model, the amount of exposure (mileage) had a strong effect on both
accidents and offences. As depicted in Fig. [1], 21% of the variance in self-reported
accidents was explained. The violations (β= .13) and mistakes (β= .14) factors were
both significant predictors of accident involvement, beyond the effect of the exposure
variable (β= .39). The variance explained in number of offences was 32% and the
exposure variable (total mileage) was highly associated with number of offences (β=
.52). The violations factor (β= .13) was the only aberrant driving factor predictive of
offences beyond the effect of mileage. The sensation seeking variables had no direct
influence on the dependent variables, but significant indirect paths were noted from
both sensation-seeking variables (TAS & Dis) to accidents and to offences, mediated by
the violations and mistakes factors.”

From a practical point of view, it appears that exposure, age and gender are still the best
correlates of offences (recorded violations) or accidents. Drivers’ responses to
questions, in the DBQ, about how often they engage in a range of specific behaviours
(that are traffic violations), are indeed correlated to their self-reported offences. Since
both (and all) measures were taken at the same time, it is perhaps prudent to wait for a
longitudinal study, which would construct a violation model in one period and test its
predictive power in a subsequent period.
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An uncommon study by Ferguson et al (2001) tested the hypothesis that parents
influence the driving records of their children. The idea that children would take after
their parents, as the result of family socialization, is certainly popular in many areas of
social behaviour but was rarely put to a rigorous test in the context of driving. The study
used five-year data from the North Carolina official driver records to match the crash
and violation records of young drivers, between the ages of 18 and 21, with those of
their parents. A total of over 155,000 matches were made, based on last name and
address and few logical tests. This number represents about half of all the young drivers
in the state. A pilot study and comparison with state census data established the
representativeness of the database.

The independent variables were gender, parents’ crashes and parents’ violations
(combined in the case of two-parents households), and the type of household the young
drivers resided (single-parent household, two-parents households). There were 141,000
households, divided between 55,000 single-parent and 86,000 two-parent households.

The dependent variables were the police reported crashes and violations on the
children’s driving records. The tests applied logistic regressions to model the likelihood
of various categories of young drivers to have violations (or accidents) as function of
the independent variables. The tests were expressed as odds ratios (relative to reference
state-wide rates), or as their transforms-relative risks.

Overall, 10% of the young women drivers and 20% of the young men drivers had
violations on their records. The corresponding rates for crashes were 20% and 24%.
Parents with poor driving records were more likely to have children with poor driving
records. This was true across household and gender categories. Figure 2 shows the
relationship between children’s violations to their parents’ violations, and similarly for
accidents.
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Figure 2: Proportion of children with violations (crashes) as function of number of
violations (crashes) of their parents (Fig. 1 from Ferguson et al, 2001).

Of the group of children whose parents have had no violations in the last five years,
21.1% of them had one or more violations. The relative risk goes up with the number of
parents’ violations. Children whose parents had three or more violations were 37%
more likely to have had a violation compared with children whose parents had none
([19.9-14.5] / 14.5). A similar kind of relationship is shown for accidents. The logistic
models showed that parents’ violations were better predictors of their children’s
violations than of crashes, and parents’ crashes were more predictive of children’s
crashes than of their violations. For example, the model predicts that for each additional
parent violation children’s violations would increase by 13%, but each additional
parent’s crash increases the likelihood of children’s violation by 3% only. These
relationships held when controlling for household type and child’s gender.

While the large size of the study leaves little doubt about the existence of a correlation
between children and parents’ driving records, the explanation of the link is open to
speculation. In particular, before embracing socialization influences, it is not possible
rule out the obvious interpretation that similarity of driving environments is the basis for
the similar driving records between parents and their children living at home.

Normally, the interpretation of the correlation would remain just an academic issue.
However, in the light of recent trends to involve parents more in providing some form
of driving tutoring to their children and enforcing driving restrictions when the children
are subject to graduated licensing requirements, the quality of driving of the “enforcing”
parent might be of concern.
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2.4 DRIVER AGGRESSION AND AGGRESSIVE DRIVING

It has become quite popular, in the last six years or so, to talk and write about “driver
aggression”, “aggressive driving” or “road rage”.  The media, safety and TLE
professionals, research psychologists, sociologists, mental health professionals and
politicians all have contributed to the spirited discussions about the definition of a
phenomenon which, “drivers know it when they see it”, what causes it and (to a less
extent) what could be done about it.

For a review of aggressive driving in the context of Aggressive Behaviour research, see
E.J. Saiz-Vicente and D. Pollock (2001)-“A Review of the Principal Theoretical Models
Used to Explain Aggressive Behavior Today and Road Safety Applications”.
Comprehensive specific models of aggressive driving are presented by David Shinar
(1988)-“Aggressive driving: the contribution of the drivers and the situation”, and by
Timo Lajunen & Dianne Parker (2001)-“Are aggressive people aggressive drivers? A
study of the relationship between self-reported general aggressiveness, driver anger and
aggressive driving”.  An excellent review of the state of knowledge and the limitations
of available research on the topic is provided by Leo Tasca (2000) of the Ontario
Ministry of Transportation -“A review of the literature on aggressive driving research”.
A very useful guide to the topic, with emphasis on policy implications, is one by Janet
B. Goehring, (2000) -Aggressive Driving: Background and Overview Report.

In this section the intent is to extract from the more relevant literature about aggressive
driving knowledge and data useful to TLE. In particular, our interest is in the following
issues:
 Data about the prevalence of aggressive driving,
 The traffic conditions that might generate or provoke aggressive driving behaviour,
 Measurement methods for monitoring aggressive driving and,
 Direct implications for TLE.

Figure 3 was devised as a framework for organizing the research literature and as a
practical aid for deciding what is relevant to these issues. The bolded text and arrows
show the implied chain of logic between aggression and traffic.
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Figure 3: The logic chain linking aggression to traffic behaviour

Drivers (or other road users) differ in their tendency for expressing or feeling aggression
while driving (box 1). There are situations that could trigger provoke or generate
aggressive reactions in susceptible people (box 2) Drivers can readily recognize the
manifestations (indicators) of aggression in their own feelings and behaviour as well as
in the behaviour of others (box 3). And finally, the outcomes of accumulated aggressive
behaviour of individual drivers are indicated as events or characteristics of traffic
behaviour, such as might be reported to police and by the media or be recorded by
outside observers (box 4).

In view of the issues relevant to TLE, listed above, the psychology of the aggressive
driver (box 1) is beyond the scope of this chapter. In box 2, dealing with aggression
generating conditions, our interest is mainly in findings about traffic-induced
conditions, such as congestion, and their influence on the incidence of aggressive
driving behaviour. Box 3 topics are closely linked to individual differences research.
However, drivers’ reported experiences of encounters with aggressive driving would be
of interest here, in as much as the extent of experience may be correlated with the
frequency of aggressive driving events. Box 4 deals with observable indicators of
aggressive driving in real traffic. It combines the issue of definition with that of
monitoring and estimating the incidence of aggressive driving

Tendency for feeling /
expressing aggression while
driving
Individual differences
Measuring instruments
Trait / state
General / specific Box 1

Situations provoking / generating
aggression
Emotional / personal
Interpersonal
Social factors
Traffic induced
Criminal activity Box 2

Traffic indicators of aggressive
driving
Incidents covered by media or
reported to police
Risky traffic violations
Any malevolent road behviour

Box 4

Individual indicators of aggression
(E.g. insults, threats, flashing, cutting,
speeding, tailgating, racing, blocking,
damaging, assaulting, hurting)
Self-Reported feeling or behaviour
Reports about others’ behaviour

Box 3
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2.4.1 How common is aggressive driving?

The answer depends, of course, on the working definition of “aggressive driving” events
and on the details of the method of measurement or estimation. There are basically three
categories of definitions and three methods of measurement. The most restrictive
definition is one associated with “road rage” (Mizell, 1997) – using a vehicle with the
intent to harm people, or assaulting people in the course of traffic related dispute.
Incidence data about such events come from near-real-time reports to police or media,
or from retrospective driver surveys.

“Aggressive driving” definition may include a wider range of less violent events, which
are perceived by drivers as threatening, intimidating, or annoying and, therefore,
interpreted as malevolent and aggressive.  Tailgating, high-beam light flashing,
honking, rude gestures or cutting-in are common examples. The sources of data about
such events are driver surveys.

The third type of definition, adopted by the US NHTSA, considers “aggressive driving”
as another term for “unsafe driving actions”. These actions are essentially serious
driving violations, which are assumed to be prima-facie aggressive because they put
other people and the violator at risk (Goehring, 2000). Data on these types of events can
be obtained through either retrospective driver surveys or by observational studies and
monitoring equipment, as in the case of monitoring non-compliance behaviour in
general.

Serious incidents involving violence

An analysis of six-year records of violent road incidents reported to police, to insurance
companies and by the media in the US (Mizell, 1997) shows an average of 1,500 such
serious (about 40 fatalities and the rest seriously injured) cases yearly. Even though
these numbers are probably an underestimate, they still represent only a fraction of the
safety problem on US roads-in light of the over 40,000 fatalities and near 4 mil
“regular” traffic accidents, annually. Interestingly, the number of fatalities from “road
rage” in Britain during 1996 was reported as six (Connell and Joint, 1997), about the
same rate per population as reported by Mizell for the US.  

Many of the incidents analysed by Mizell involved spouse disputes taken into the
vehicle, vehicles driven into building, drivers killing or injuring themselves and various
bizarre circumstances. However, many other violent incidents had begun as minor
traffic disputes -arguments between two motorists who overreacted to being cut off,
being impatient with a traffic jam, or were annoyed by a near-accident. Many incidents
involved regular citizens with no criminal records.  Therefore, not all such incidents can
be simply dismissed as “criminal acts” by “criminal minds”. They are criminal acts, of
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course, but they can also be viewed as symptoms of traffic management problems,
which might facilitate such morbid reactions by certain individuals.

A more localized study of highway incidents, of violent as well as less serious
consequences, was reported by Sarkar et al. (2000). The authors content-analysed the
cellular phone calls from motorists to the emergency number of the California Highway
Patrol (CHP) in San Diego County.  The records of three months (4, 6, 9) in 1998
consisted of nearly 2000 calls, reporting on what drivers perceived as dangerous /
reckless / aggressive driving by other motorists as well as being harassed, assaulted or
driven off the road.

The incidents were classified into five categories. Table 16, adapted from the report,
summarizes the results of the classification.

Relatively more events were reported from congested highways, during PM rush hours
and on Fridays (perhaps a combination of congestion and impatience).  The
classification mixes incident examples from different definitions, but what they all have
in common is the fact that drivers were upset enough about them to call the emergency
number. Many of the aggression incidents were serious enough to qualify as “road rage”
incidents.  They may not have been as dramatic as the ones reported by Mizell, but their
occurrence is rather too common.

Table 16: The distribution of highway incidents by type of incidents (adapted from
Sarkar et al. (2000).

Reported incident type (in three months)

Speeding “over 100 mph” 393 20%

Speeding + unsafe lane changes, unsafe passing 489 25%

Weaving and cutting off 537 27%

Tailgating 248 12%

Personal aggression: assaults or threatening with a weapon, hitting
someone, hit and run collision, running other vehicle off the road,
slamming on brakes in front, throwing objects at vehicle, chasing another
vehicle, verbal or gesture threats, honking, flashing

Non-personal aggression: chicken or other games, motorcycle stunts,
running red lights.

320 16%

1987 100%

Driver surveys about aggression on the road

In driver surveys respondents are usually asked to indicate whether they had
experienced any of a list of events at during their driving, “at any time”, or “in the
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preceding 12 months”. The list of events may include physical or verbal violence
incidents, traffic behaviours that are inconsiderate or intimidating, and a variety of
traffic violations that endanger other drivers. The respondents are presumed to have
recognized that the other driver(s) acted in a malevolent way or at least intentionally.
Some surveys also ask about the respondents themselves engaging in such behaviours.

Results are given in terms of percentage of respondents answering a question in the
affirmative. For example, 2% of drivers in a UK survey reported that they had been
physically assaulted on the road in the past (Sample Survey Ltd., 1996); 44% had
experienced verbal abuse during a year of driving in the UK (Lex Report on Motoring,
1996); and 0.3% admitted to have physically attacked another road-user in the past
(Sample Survey Ltd., 1996).

Table 17 presents data from surveys in the US, UK and Ontario where at least some of
the questions asked were similar. The items in the Table are generic, and not as phrased
in each survey.

Table 17: Percent drivers experiencing or expressing aggression-like behaviours in
traffic (adapted from sources listed).

Behaviour reported by respondent NHTSA1 Ontario2 UK3 UK3

Others’ or own behaviour Others Own Others Own

Verbal abuse 16

Physical assault 1 <1

Obscene or threatening gesture 5 15 48 22

Flashing high beams 16 59 45

Tailgating 19 21 62 6

Dangerous passing 15 7

Cutting off or blocking 13 21 5

Cutting in closely 36

Weaving in and out of traffic 4

Run amber / red light 69

Speeding 20 km+ 50 60
1 NHTSA (1998);     2 Tasca (2000);    3 Connell & Joint (1997)

The behaviours listed in the surveys range from physical assault, clearly an aggressive
act fitting the strict definition of Road Rage, through intentional intimidation such as
verbal abuse or threatening gestures, to a list of traffic violations that are endangering
others (irrespective whether the perpetrator has intended harm or not). The latter type of
events fit the practical definition of aggressive driving as ‘unsafe driving actions’.
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As might be expected, drivers generally are more likely to attribute negative behaviour
to others than to themselves. Little can be said about the cross-national differences in
aggressive driving behaviour because of differences in wording of questions, the
implied frame of reference in each survey, the cultural connotations of the behaviours,
sampling and other methodological differences. More than anything, the data of Table
17 show how difficult it is to compare and interpret survey results in this area.

Unfortunately, all driver surveys of this kind do not provide information on the
frequency of occurrence of “aggressive” type events on the road network. There is no
way to relate the percentages of drivers reporting to have had certain driving
experiences in surveys, to either number of serious incidents nor to incidence of various
behaviours recorded in traffic observations. At best, survey data give a first qualitative
impression of how common certain traffic events are in the (subjective) experience of
road users.

Observation studies of aggressive-like behaviour

The actual incidence of aggressive driving, when it is defined as unsafe driving, or when
it includes some of the more common and ‘milder’ forms of insulting or inconsiderate
traffic behaviour, can best be estimated from observation field studies. Chapter 2 of this
report, especially the sections on ‘representative field surveys’ and ‘national non-
compliance information’ present incidence data about several violation types that are
listed in the “aggression as an unsafe behaviour” type definitions of aggressive driving.
For example: Entering a signalised junction on RED, Drink-Driving, disregarding
STOP or YIELD signs, and Speeding.

Section 2.1.3.6 -Dangerous driving violations-described a method for collecting
incidence data about outright dangerous, very annoying, or extremely inconsiderate
driving behaviours (Zaidel et al, 1995). Such behaviours are, invariably also illegal. The
Roving Panel of Drivers method was applied in a large urban area, and it generated a
significant amount of standardised incidence data, which was presented in Table 7. The
categories of events that were identified (not predefined!) match well with the type of
bad behaviours mentioned in ‘aggressive driving’ lists; for example, overtaking and
cutting in, usurping right of way, running a red light and many others.

The method is practical and objective because it does not require the personal
involvement of the observing driver in the reported event. It does not require of him to
judge or guess the intent or motivation of other drivers. The observer records the
attributes of a situation, of an event, rather than that of drivers.

Underwood et al. (1999) used a somewhat similar method to monitor instances of anger
among drivers. A panel of 100 novice drivers kept travel logs of their daily trips during
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two weeks. In addition to standard trip information they described accident or near-
accident events they have been involved in, experiences of anger and experiences of
courtesy offered to them by other drivers. During approximately 1200 hours of
observation (duration of all journeys made by the drivers) they have recorded 383 anger
experiences and 243 near-accident events. In 127 instances the anger events coincided
with near-accidents events. The rate of anger episodes, 32 / 100 hr, appears to be
reasonable, compared to the rate of all exceptional events (39 / 100 hr) noted in the
Zaidel et al. study.

Underwood et al., along with many others (e.g. Schuman et al, 1967; Shinar, 1998)
suggest that anger (and frustration) is a motivating mechanism for exhibiting aggressive
driving behaviour. On the other hand, anger is clearly also a reaction to experiencing or
witnessing aggressive acts of others. It is difficult, therefore, to disentangle, on a system
level, the cause and effect of this mechanism / emotional experience.

2.4.2 Traffic conditions associated with aggressive-type behaviour

Drivers’ intuition and some research support the idea that certain traffic conditions, such
as congestion or lack of parking space, tend to create more instances of aggressive
driving compared to smooth traffic and spacious parking. This may be happen because
congestion impedes mobility; it generates more conflicts and more or stronger
individual frustration.  Under these conditions more drivers are tempted to usurp other
drivers’ right of way or parking space; more drivers take more readily to breaking traffic
regulations if it can help them move sooner or faster in traffic; more drivers are irritated
by inconsiderate acts of others and react in anger; more drivers are late and feel
pressured to force their way; more near-accidents or small collisions are taking place
and generate further congestion and interpersonal friction. (However, speeding can be
curtailed in congestion).

Hennessy and Wiesental (1997) inquired about drivers’ reactions to various traffic
conditions. Drivers reported a variety of coping behaviours but also several aggressive
reactions such as tailgating, horn honking and swearing and yelling at other drivers.
More aggressive behaviour was reported under conditions of highway congestion.
Underwood et al. (1999) who had drivers keep travel logs of their trips, found that
drivers reported more anger feelings on trips they themselves judged to be congested,
compared to less congested journeys. The relationship did not hold across drivers, that
is drivers who generally drove on more congested roads did not report more anger than
drivers who drove on less congested roads.

This apparent discrepancy underscores the importance of context in the judgment of
congestion, delay, or any other traffic attribute. What is experienced subjectively is
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relative to one’s own previous experience and to expectations. For example, drivers who
are used to a high level of congestion, would react in anger or frustration when the level
is way over of what they normally expect, while even a lower level of (objective)
congestion might frustrate drivers who are used to generally lower levels.

A study by Lajunen, Parker and Summala (1999) claims to refute the link between
congestion and aggressive driving. The study is based on surveys with the DBQ,
administered to drivers in three countries. Congestion scores for each driver (not trip)
were answers (on a scale 1-6) to questions about how often the respondent usually
drives during rush-hour (congested), or on country roads (non-congested). In addition,
one country was assumed to be low congestion compared to the other two.

The tests of the congestion-aggression hypothesis were done by comparing the partial
correlations between congestion scores and driving aggression scores. The results
showed no significant correlation between rush hour driving and driver aggression,
same size correlations between rush hour or country road driving and aggression, and no
difference in the size of the above correlations, between the three countries with
generally different density of traffic. All these are interpreted as refutation of the
hypothesis.

However, this conclusion is questionable in view of the methodological limitations of
the study. Of interest here is the fact that the correlations were calculated on driver
units, every driver’s scores being a separate internal context. The correlations between
congestion scores and aggression scores here are like those across drivers in the
Underwood et al study, above. The country comparison also largely ignore the fact that
each country has its one internal context, and drivers are judging their experiences
within that context. A more valid test of the congestion-aggression (or violations in
general) hypothesis would be based on standard traffic observations linked to real-time
traffic density data.

In a series of experiments that involved systematic observations of driver behaviour at
signalised intersections, Shinar (1998) demonstrated that the incidence of running a red
light (taken as an indicator of aggression) was positively correlated with level of
congestion (as rated by observers), with average waiting time, the duration of the red
phase, and shortness of the green phase.

Traffic engineers would not be surprised at the results showing that signal design
parameters and congestion influenced observed compliance. Similar results were noted
in several of the studies mentioned in the section above on incidence of non-compliance
assessed by observation studies, (e.g., Pietrucha et al, 1990). Long before the recent
interest in aggressive driving, a considerable body of research on the design of traffic
control devices and their evaluation has shown that roadway geometry; traffic
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characteristics such as volume and mix; sight distance; the time of day; the details of
signal, road marking or sign design, all influence the incidence of compliance as well as
of accidents. Therefore, is not surprising that red light violations in many localities have
been reduced not by enforcement but by improving design (e.g. Retting, Williams, &
Greene, 1996).

Horn honking is mentioned, as an indicator of driving aggression, on many lists. It is
quite questionable to consider every honking instance as an expression of aggression or
other mean intent, and it is certainly not strictly illegal, or there would be no horn
provided in each car. Nevertheless, it is a distinct and easily observed behaviour. Shinar
(1998) had a participating observer drive a car in front of a target car (naive driver) and
stand at a traffic light, waiting for it to change to green. At the onset of the green light,
the observer waited until a prompt honking was elicited from the car behind. The
interval between Green and Honk was measured.

The mean duration of the interval (which lasted few seconds) was influenced by proxy
measures of congestion, by length of the green phase and by head direction of front
driver (indicating attention). Honking came faster at more congested times or locations,
at junctions with short green phase and when front driver appeared to be distracted-
looking towards passenger. The study demonstrates, again, that modifying traffic
conditions might, at least in principle, change some disagreeable traffic behaviours.

Other traffic conditions, which might promote or suppress aggressive driving behaviour
or serious violations, have not been specifically studied in that perspective. The lighting
of streets and highways has generally had a positive influence on both traffic safety and
personal safety. It is not known if the mechanism of change includes lowered traffic
violations and aggressive driving.  Access control could generate non-compliance and
aggressive reaction if the mobility restrictions it imposes are severe, are not seen as
justified, or are easy to ignore. Traffic signals, which regulate temporal access, have
attracted a lot of attention, but spatial access, in the form of one way streets and turn
restrictions, are much more common and should be evaluated as well. The general point
is that poorly designed, poorly managed, and poorly maintained traffic systems are
likely to generate more non-compliance, more mistakes, more aggressive behaviour and
more accidents.

A recent arrival to the driving scene is the cellular phone. Cell phones were studied
mainly for their possibly negative impacts on traffic safety. However, one can easily
speculate on their positive effects, also in the context aggressive driving. The useful use
of cell phones in emergency, which may include being a victim to or witnessing an
aggressive act on the road, is well recognized. A less dramatic positive influence is the
ability to call ahead to inform being late, to check on children, to receive or pass on
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timely information-all of which can reduce pressures on drivers to move fast, to force
their way in an aggressive manner or react angrily to annoying traffic situations.

In the future, cell phones (or similar technology) may make it possible to directly
communicate with other drivers in the immediate vicinity. This may help reduce
uncertainty in vehicle-to-vehicle communication, clarify driver’s intent and,
consequently, remove from traffic many instances that otherwise could be interpreted as
cases of intentional violations or aggression.

2.4.3 The implications of aggressive driving research for TLE

Media reports about violent incidents on the roads, or “road rage”, involve only a
fraction of what people consider aggressive driving instances. However, these incidents
spark off public-political outcry and debate about driver or societal aggression, and
serve as a catalyst in the political process of demanding more research, special
legislation and enhanced enforcement to stop aggression on the roads.

Most research is about the psychology of aggressive driving or drivers, focusing on
individual differences and tools to assess aggressive dispositions. This line of research
is strongly linked to surveys and interviews of individuals about their opinions and
experiences regarding driver aggression. It is also linked to issues of definition and
interpretation of what indicates (or should do so) aggressive driving.

Driver surveys suggest that people generally agree on what constitutes aggressive
driving behaviour; most of them have had experience being subjected to it and almost as
many admit to have committed it at some time. It is also clear that the majority of
behaviours that people label as aggressive are the more serious traffic violations when
they are perceived as personally directed at them or put them (or other drivers) at risk.

Should TLE agencies make a special, or different, effort to handle aggressive driving?
In principle, effort could be directed at aggressive drivers or to change the conditions
that generate aggressive driving. There is nothing in the literature to indicate that
psychologists, or others, can identify aggressive drivers better than they can identify,
ahead of time, high violation drivers. Or it may be one and the same issue.

Police could perhaps improve the deterrence of aggressive driving through better
surveillance, increased presence, stronger punishment and swifter response to
emergency calls.

Do they need special legal tools to do it? In the US, several states considered special
legislation to back up police actions against aggressive driving. Legislators grappled
with the definition of aggressive driving, how would it differ from “reckless driving”,
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how can driver intent be established by a police officer, when is a serious violation an
act of aggression and several other legal and practical issues. Most legislators saw no
reason to introduce new laws; traffic and criminal laws already on the books covered all
aspects of aggressive driving (Goehring, 2000). Legislators in Europe are likely to take
a similar view. In most European countries traffic offences are criminal offences, per se.
Even in countries that have decriminalised traffic violations, the serious violations still
considered criminal.

The few jurisdictions in the US that enacted an aggressive driving law into their traffic
statues, defined aggressive driving as a combination of existing traffic violations, e.g.
speeding 20-30 mph over the limit, erratic lane changes and tailgating, all which
demonstrate, to the observing officer, disregard for safety and endangering people's
lives. The law specifies a more severe punishment for the violation. Such an approach is
actually not different, in practice, from the operational definition of aggressive driving
proposed by the US National Highway Traffic Safety Administration (NHTSA, 2001).

NHTSA sees certain traffic offences as aggressive driving and violent attacks on
persons or property on the road as a criminal offence. It defines aggressive driving as

"When individuals commit a combination of moving traffic offenses so as to endanger other persons
or property." It also endorses the definition that evolved from its earlier discussions -"the operation of
a motor vehicle involving three or more moving violations as part of a single continuous sequence of
driving acts, which is likely to endanger any person or property."

Some behaviors typically associated with aggressive driving include: exceeding the posted speed
limit, following too closely, erratic or unsafe lane changes, improperly signaling lane changes, failure
to obey traffic control devices (stop signs, yield signs, traffic signals, railroad grade cross signals,
etc.). Law enforcement agencies should include red light running as part of their definition of
aggressive driving. NHTSA calls the act of red light running as one of the most dangerous forms of
aggressive driving.”

Speeding, weaving, unsafe passing, drink-driving and the all encompassing ‘reckless
driving’ can all be considered aggressive driving acts. There is no need to prove intent
to harm or that the act was wilful. Multiple and repeated offences are handled by
demerit point systems, and by judges, when an offender is charged in court.

The National Committee on Uniform Traffic Laws and Ordinances (NCUTLO) made a
succinct statement on the issue (in Goehring, 2000). It adopted a policy stating that
although aggressive driving is a serious problem, new laws are not needed to address it.
NCUTLO advocates for the strong and consistent enforcement of existing traffic laws.
Where a driver violates multiple traffic laws, they should be charged with each offence.
In addition, states with points systems should assess points for every violation.
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Police agencies in the US in the last few years have developed programs to address the
‘aggressive driving problem’. Many such programs are described in Rathbone and
Huckabee (1999) and in NHTSA (2001). The programs are named with PR oriented
slogans such as: Smooth Operator, ADAPT (Aggressive Drivers Are Public Threats),
Take It Easy, ADVANCE (Aggressive Driver Video and Non-Contact Enforcement),
3D Program (for Drunk, Drugged and Dangerous), Safe Streets, TRIAD (Targeting
Reckless & Intimidating Aggressive Drivers), Ticket the Aggressive Driver and other
names with similar connotations.

An examination of the programs’ content suggests that they are similar in many respects
to earlier targeted enforcement campaign, in the US or in European countries, but with
few added features that emphasize the issue of aggression. The programs include one or
more of the following components:
 Public declaration that selected violations are to be given priority by all TLE

agencies,
 Speeding  + 20–30 mph, erratic lane changes and tailgating are typical target

offences,
 Police enforcement is intensified with more personnel, more shifts, more technical

means,
 Uses of unmarked cars, special or unconventional vehicles, aircraft,
 Use of in-vehicle video to document offences,
 Special surveillance and detection tactics developed and applied,
 Zero tolerance policy for selected offences, no warning,
 Immediate license suspension or vehicle impounding for certain offenders
 Media campaigns and various education programs accompany police efforts,
 Education includes tips how to react when confronted by an aggressive driver,
 Call-in number for motorists to report aggressive driving events and emergencies and

better response times,
 Data collection and monitoring,
 Counselling victims.

The NHTSA guide to Aggressive Driver Enforcement Program (NHTSA, 2001)
emphasizes the necessary involvement of the community and of the other major players
in TLE-prosecutors, judges and administrators of driving licenses and point systems.
The need for orderly data collection and professional program evaluation are also
mentioned.

There is clearly a large, if not almost complete, overlap between what TLE authorities
do, or should do, about non-compliance, and ‘special programs’ to eliminate aggressive
driving. Perhaps it is useful for TLE to have a fresh targeting concept to rally public
support and to focus its own operations. However, in order not to slip into the
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misguided approach of assuming that TLE is mainly about finding an identifiable
enemy called ‘the aggressive driver’, counter-aggression programs should also deal with
preventing the conditions that generate aggressive driving.

It was already noted in this documents that poor design generates more violations-either
through mistakes, pressure to arrive on time, frustration, disrespect of what looks like
stupid demands, or via other mechanisms. Police surveillance and full analysis of
citations data-bases can help in identifying ‘compliance black spots’ and remedy them.
Removing design faults can dramatically change apparent compliance levels. For
example, non-compliance with Red Light can be reduced considerably when all aspects
of physical and timing design are optimised according to available technology, and
updated at each site as travel patterns change over time.

Somewhat surprisingly, the literature on aggression in traffic does not deal with
vandalism by motorists when specifically directed at traffic control devices, such as
speed detection cameras or road signs. It is not difficult to imagine scenarios where the
results of such actions could endanger other road users.

Similarly, stealing cars (and often driving them dangerously), breaking trucking and
freight regulations – e.g. hours of service, hazardous material transport, are also not
mentioned in this literature. In all these examples, TLE might be applied in various
preventive modes, in addition to conventional patrolling of the roads or responding to a
call.



Project “ESCAPE”
David M. Zaidel Non-compliance and accidents

December 2001

64

3 THE EFFECT OF NON-COMPLIANCE ON
ACCIDENTS

TLE fulfils three major functions: maintaining public order on the roads, helping in
traffic management and, contributing to traffic safety. The latter role is seen as the main
justification for funding special TLE organizations and for inflicting on the public a
whole range of traffic related regulations and sanctions. The underlying assumption in
this effort is that lack of safety is directly related to non-compliance. In operational
terms it implies that road systems with a high rate of non-compliance will experience
high accident rates and, similarly, drivers who do not comply with traffic regulations
will be over-involved in accidents.

How strong is this relationship? A recent policy review estimated that about 50% of
traffic accidents in Europe could have been prevented if road users were completely
dissuaded from committing traffic violations (ETSC, 1999). Evidence for such estimates
is not simple or straightforward. Only for few specific type compliance issues –
speeding, safety belt use and drink-driving – there have been studies using system level
data, based on roadway observations of compliance with matching accident data (or
injury severity, in the case of safety belts). Most other estimates and qualitative
descriptions of the relationship utilize samples of drivers, based on either their violation
record or their accident record and, essentially, correlate the two.

At least two problems nibble at the validity of such estimates.  One is that violation
records represent only a fraction of the universe of non-compliance events taking place,
and we do not really know how the two are related. It is a common sentiment among the
public, as well among TLE officials, that the “most important” violations events are
rarely detected or recorded. The other problem is that correlations between violation and
accident records in driver samples (even large, driver license records files) do not
necessarily mean that the violations on record were the mechanisms generating the
accidents. The correlations, therefore, could be spurious (e.g. reflecting the common
influence of exposure variables), an underestimate or an overestimate of the true
relationship.

Having said that, it does not negate the common finding of driver violation as a cause of
accidents, in case-by-case crash investigations (even there 25-50% of accident involved
drivers are not at fault). It is the association of non-specific accident and violations
records that is in doubt. Another way of expressing the uncertainty is speculating that
the kinds of violations that end up in accidents are inherently different from non-
accident violations, even if they are legally similar. This hypothesis was obviously
considered in many studies where violations were categorized according to some
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additional context attribute, which helped to determine whether the violation was
‘really’ risky or not. For example, the high violation rate of not stopping before Right-
Turn-on-Red (Pietrucha et al. 1990) shown in Table 1, was downplayed by the authors
who had observers record, for each violation, if there was a crossing vehicle in the
vicinity, thus calculating a risk value for the violation.

With the caveats above, the following sections present three general lines of evidence
for the relationship between non-compliance and accidents:
 Violations implicated in national accident records,
 Drivers’ violation and accident records,
 Speeding and accidents on a road network.

The studies represented here are based on large databases or surveys dealing directly
with the relationship issues. In-depth accident investigation databases, small local
studies and enforcement evaluation studies are not included

3.1 VIOLATIONS IMPLICATED IN NATIONAL ACCIDENT RECORDS

Injury traffic accidents are usually recorded according to standard reporting forms,
which may include information about driving violations associated with an accident, the
cause (s) of the accident or its precipitating factors. The lists of possible violations,
causes, contributing factors and similar terms vary among countries and jurisdictions
and undergo changes from time to time. The designation of a ‘violation’ or ‘cause’ to an
accident or a particular road user involved, is made by the investigating / reporting
officer, for legal, insurance and safety purposes.  There are many sources of uncertainty
and biases in these determinations but the aggregate data provide interesting
information on distribution of violations in accidents. Examples are given from Israel,
Sweden and the UK.

3.1.1 Accident ‘causes’ and citations issued by Israel’s traffic police

The Israeli traffic police rationalises its deployment on the roads according to the
distribution of past accidents, and targets active enforcement on offences that have
shown strong appearance in past accidents.  Every year it publishes aggregate statistics
about the ‘causes for accidents’ by severity of accident. The year 2000 summary table
lists 35 causes, many of which are enforceable violations (Israel Police, 2000).  Similar
data were available for the year 1992 but classified according to fewer categories. For
these two years summary tables of citations issued by police were also available, from
Israel Bureau of Statistics publications. Unfortunately, the categories of violations in the
citation statistics and in the accident statistics are not at the same level of detail, and
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they have changed over the years. Nevertheless, it was possible to construct a
comparison table with those categories that appeared to be matching

Table 18 shows the distribution of violations that have been identified (by police
investigators) as ‘accident causes’ in injury accidents, and the distribution of all traffic
citations issued during the same years. It should be noted that, as reported in the text
explaining Table 14, the absolute number of recorded offences increased almost two
fold from 1992 to 2000, due to doubling of traffic police resources in the mid ‘90s. The
number of accidents in both years was about 20,000, and the number of listed causes
slightly larger, as more than one cause could be associated with an accident. The
distributions are percentages of violation types as ‘causes’ in accidents and of violation
types cited in the category of moving offences only. This category does not include
citations for parking, technical and belt use violations. Moving citations accounted for
55% and 58% of all citations issued in 1992 and 2000, respectively.  Belt violations
were removed because they are not listed as cause for an accident, although not using
belt may shift a non-injury accident to an injury type one. 29,661 safety belt tickets
were issued during 1992, and 131,952 in 2000.
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Table 18: Distribution of % violations listed as ‘accident causes’ and of citations, by
type of violation (Israel Bureau of Statistics, 1992, 2000).

Violation indicated as accident cause
and listed in overall citations record

Accident
causes

1992

Citations
1992

Accident
causes

2000

Citations
2000

Number of ‘causes’ / moving violations 23,635 491,500 20,959 930,452

% % % %

Speeding 4.9 14.9 4.6 30.6

Turns and lane changes 11.2 10.9 19.1 7.5

Stop sign 7.2 11.8 8.6 6.9

Red light signal 3.5 7.8 9.9 4.4

Regulation signs and markings NA 11.1 0.3 8.0

Passing / overtaking 1.6 3.0 1.6 1.4

Staying in fast lane unjustifiably 3.3 5.1 1.5 2.5

Mechanical defects, load, lights NA 10.9 0.5 13.4

Pedestrian behaviour 8.2 6.0 4.8 4.0

Not yielding to pedestrian 3.0 2.7 4.5 NA

Other enforceable violations of which:

Yield to vehicle-

Yield sign-

31.3

5.2

4.8

15.8 19.3

10.6

8.5

21.3

Other, not enforceable accident causes of
which: Close following-

Driver condition-

Reversing-

25.8

19.2

2.3

2.8

25.3

10.7

4.0

1.8

100% 100% 100% 100%

Many violations contribute to accidents. Failing to yield right of way-YIELD sign
control, to a vehicle in other situations, to a pedestrian-is a major cause of accidents. It
is not common enough in the citation record to warrant a separate listing. Stop sign and
Red light Signal violations are easier to enforce as well as to establish in accident
investigation.  ‘Turns and lane changes’ combines several separate violations and it is
common in both accidents and citations.  ‘Close following’ was a large cause category
in 1992, but it shrunk in 2000. (Most of these accidents are urban, slow speed front-rear
end crashes).  Unfortunately, the citation record does not provide the information about
enforcement of this violation, although it was possible to do that during 2000. The one
noticeable violation in the 2000 citation record is the 30.6% of speeding tickets, a
doubling of the 1992 rate. This reflects change in enforcement policy; speeding did not
change in the accident record (and neither on the roads). It is, of course, possible to
speculate that the more intense citation for speeding during 2000 is the reason for
‘speeding’ not to have increased its share as an accident cause-but it is a speculation.
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The relatively large size of the ‘other’ enforceable violations category limits any further
speculations on changes in percentages of specific violations. Both years have a 25% of
the accidents attributed to various causes, which are not subject to driving enforcement,
such as driver health condition, road condition, passenger behaviour, door opening and
a host of others unique causes. Drink-driving was implicated in a total of 253 cases, but
perhaps even fewer were issued citations.

3.1.2 Violations in Sweden’s accident files

This section is based on material provided by Gunnar Andersson, VTI (Andersson,
1999).

As in all countries, the official statistics on road accidents with personal injuries are
based on police-reported accidents. Classification by accident type primarily describes
the situations and manoeuvres occurring in connection with an accident. Violations
made by road users prior to an accident are not entered on the form used as the basis by
Statistics Sweden for processing and reporting road accident statistics. However,
preliminary investigation reports from the police often contain further information that
can be used for such a classification.

For the present analysis, a request for preliminary investigation reports was sent to
Sweden's police districts to obtain a random sample of 10% of the 16,003 road accidents
with personal injuries reported by Statistics Sweden in 1991. The police districts have
responded with 1,418 reports sent to the VTI.

From the outset it was decided to consider only accidents with at least one motor
vehicle involved (motor vehicles are defined as cars, lorries, buses and motorcycles) and
to focus on six specific and important violations rather than consider the whole gamut of
possible violations. They were:
 Drink driving,
 Travelled at excessive speed,
 Ignored mandatory stop or give way signs,
 Ignored a red traffic light,
 Executed an unsuitable overtaking,
 Travelled too close to the vehicle in front.

Of the received reports, 1,107 have included information about any kind of violation
that had occurred in connection with the accident. Fifteen cases did not involve personal
injury accidents, and 82 cases concerned accidents not involving motor vehicles. These
97 accidents are therefore excluded from further analysis. The sample thus comprises a
total of 1,010 road accidents with personal injuries where motor vehicles were involved,
and there was an indication for a violation prior to the accident.
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The representativeness of the sample was tested by comparing distributions of sample’s
characteristics with that of the population’s distributions, as given by Statistics Sweden.
There was a good agreement on variables of month, day, time, geographic regions in the
country, type of road, speed limit, and type of accident.  Thus the sample is
satisfactorily representative of the total accident population.

The records were classified according the six violations above. Cases with other
violations were classified as "Miscellaneous". There was also an unclassifiable
category. No evaluation was made concerning the degree to which a violation
contributed to the accident. In all, 60% of the 1, 010 cases involved one of six violations
studied here.

Table 19 shows the proportion of accidents in the sample according to the violations
made by drivers of the motor vehicles involved in the accidents.

Failure to give way is the most frequent violation. Inadequate following distance is the
second frequent. These violations are also more frequent on urban roads compared to
rural roads, in line with similar results (not shown) in the Israeli data discussed above.
Excessive speed, on the other hand is a violation more typical of rural roads. Like in
Israel, also here a large proportion (29%) of accidents are distributed among many types
of infrequent, secondary or esoteric violations.

Table 19: Distribution of accidents in Sweden by type of violation and
roadway environment

Violation Urban Rural Total Total

% % Number %

Influence of alcohol 3 3 66 7

Excessive speed 2 5 75 7

Ignored stop sign 1 2 32 3

Ignored give way sign 23 3 266 26

Ignored red light 2 0 21 2

Illegal overtaking 2 1 35 3

Inadequate distance 8 3 111 11

Other violation(s) 15 13 291 29

Unclassified 4 7 113 11

Total 61% 39% 1,010 100%

Table 20 shows the distribution of violations by accident type (vehicle and other road
user involved).
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Table 20: Distribution of accidents in Sweden by type of violation and accident type
(road users involved)

Accident type
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Influence of alcohol 81.8 7.6 1.5 0.0 9.1 0.0 0.0 100 66

Excessive Speed 72.0 20.0 0.0 2.7 2.7 2.7 0.0 100 75

Ignored stop Sign 0.0 87.5 0.0 3.1 0.0 0.0 9.4 100 32

Ignored give way sign 0.0 56.8 5.3 27.4 10.2 0.0 0.4 100 266

Ignored red light 0.0 66.7 4.8 14.3 9.5 0.0 4.8 100 21

Unsuitable overtaking 0.0 62.9 5.7 31.4 0.0 0.0 0.0 100 35

Inadequate distance 0.0 94.6 0.0 5.4 0.0 0.0 0.0 100 111

Other violations 26.8 23.4 4.5 18.6 19.6 7.2 0.0 100 291

Unclassified 61.1 11.5 3.5 6.2 10.6 3.5 3.5 100 113

The Table should be read across rows. Eight accidents out of ten in accidents where
drivers were under the influence are single vehicle accidents. Single vehicle accidents
are also the dominating type of accident involving excessive speed. Single-vehicle
accidents also constitute the majority, six cases out of ten, among those accidents where
the information was insufficient to allow classification of the violation.  In almost nine
accidents out of ten where the driver ignored a stop sign, the accident type is a collision
between two vehicles. Just over half of the accidents where the driver ignored a give
way sign consist of accidents involving other motor vehicles. One out of three accidents
where drivers ignored a give way sign involved unprotected road users on mopeds or
cycles, and one accident out of ten involved pedestrians.

Accidents where the drivers ignored a red light form a very small group in the sample.
In two accidents out of three, another motor vehicle was involved and unprotected road
users were involved in the remainder of the accidents.

Similarly, unsuitable overtaking hurts mostly other vehicles and then cyclists and
mopeds.  Unsurprisingly, almost all close following violations are associated with two
vehicle crashes.

Table 21 presents the violation by crash type read across columns. In four out of ten
single-vehicle accidents, the driver was under the influence of alcohol or he was
travelling at an excessive speed.
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Table 21: Distribution of accidents in Sweden by accident type and type of violations
associated with it

Accident type
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Influence of alcohol 21.2 1.2 2.9 0.0 5.7 0.0 0.0

Excessive Speed 21.2 3.6 0.0 1.3 1.9 7.4 0.0

Ignored stop Sign 0.0 6.7 0.0 0.6 0.0 0.0 33.3

Ignored give way sign 0.0 35.9 40.0 46.5 25.4 0.0 11.1

Ignored red light 0.0 3.3 2.9 1.9 1.9 0.0 11.1

Unsuitable overtaking 0.0 5.2 5.7 7.0 0.0 0.0 0.0

Inadequate distance 0.0 24.9 0.0 3.8 0.0 0.0 0.0

Other violations 30.6 16.2 37.1 34.4 53.8 77.8 0.0

Unclassified 27.1 3.1 11.4 4.5 11.3 14.8 44.4

Total % 100 100 100 100 100 100 100

Number 255 421 35 157 106 27 9

In one third of the accidents between two motor vehicles, the driver had ignored a give
way sign and in one fourth of the accidents the driver had held an inadequate distance to
the vehicle in front.

In accidents between motor vehicles and moped riders, cyclists and pedestrians, the
driver's failure to give way was the dominating type of violation (up to out of ten).
Overtaking motorcycles illegally was also relatively common. Often it was the
unprotected road user who made the violation involved.

So far the analysis ignored the severity of accidents. However, for policy making it
might be useful to weigh violations according to the injury damage they result in. For
example, speeding violation that is implicated in a rural crash is more likely to produce
a fatal or serious injury accident compared to an ‘unsuitable distance’ type accident.
Therefore, the distribution shown in Table 19 was re-calculated using severity
weighting developed by The Swedish National Road Administration. The valuation
applies weights of 1.0, 0.186 and 0.008 to fatalities, severe injuries and slight injuries
respectively.

The injury consequences for the accidents in the sample were calculated by applying
these weights. Each accident had an ‘injury value’, which could increase or decrease its
numerical value. The distribution of accidents by violation type involved was then
recalculated with the new injury values and compared to the nominal accident numbers.
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The results are presented in figure 4. (The accident bars are the same as the totals in
Table 19, less rounded).
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Figure 4: Comparison between Swedish accidents and ‘injury values’ by violation
type

The inclusion of severity consideration has not changed the general shape of the
distribution. However, injury value shows increase in the impact of alcohol, speeding
and stop sign violations, and a decrease in the impact of "Ignored give way sign" and
"Inadequate distance to vehicle in front".  This effect is likely to be related to the urban /
rural distinction as well.

3.1.3 Violations as contributory factors in UK police investigated
accidents

TRL Contributory Factor Recording System

This section is based on work prepared by Allan Quimby and J. Broughton of the TRL
(Broughton and Quimby, 1999).

In the UK, all 51 regional police forces use the same standard form, known as
STATS19, for reporting traffic accidents. At present, the information collected is mainly
objective (for example, giving information about the accident severity, day and time of
the accident and the locations and manoeuvres involved). However, a number of Police
Forces also record ‘Contributory Factors’ -the factors that were considered to have
contributed to the causation of the accidents. This information could provide clues to the
contribution of road user behaviour to the occurrence of accidents and, subsequently,
help assess the potential for improving safety by targeting police enforcement on such
behaviours.

In 1994 a TRL review of the systems being used by the British police to record
contributory factors had shown that the systems all differed, so there was no way of
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comparing the factors recorded in different parts of the country or of assembling a
national database. TRL has developed, in 1995-96, a uniform format for recording
contributory factors and tested it out by eight Police Forces (out of the 51 in Great
Britain) for three months during the summer of 1996 (Broughton et al, 1998).

The procedure developed for identifying the contributing factors by the investigating
officer has two stages:

Ascertain the critical failure or manoeuvre, which led up to the accident (“What
went wrong?” – referred to as the Precipitating Factor) and record it using the
appropriate code.

Identify from the evidence available the factors, which contributed to this failure
or manoeuvre (“Why did the failure or manoeuvre occur?” – there may be more
than one of these Contributory Factors, up to 4 were allowed in the trial) and
record them using the appropriate codes.

The list of Precipitating Factors included the following factors:

1) Failed to stop
2) Failed to give way
3) Failed to avoid pedestrian
4) Failed to avoid vehicle/object in carriageway
5) Failure to signal/misleading signal
6) Loss of control of vehicle
7) Pedestrian enters carriageway without due care
8) Passenger fell in or near PSV
9) Swerved to avoid object in carriageway
10) Sudden braking
11) Poor turn/manoeuvre
12) Poor overtaking
13) Drove wrong way
14) Opened door carelessly
15) Other/not known

The list of contributory factors has 54 factors. Only the factors used more frequently by
police are shown in Table 23.

The eight police forces that co-operated in the trial represented all parts of Great Britain
and all types of road, so the trial provided a rigorous test of the new system. When the
key personnel were briefed, the need to select factors on the basis of evidence rather
than opinion was emphasised, and the point was repeated in the accompanying notes
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provided by TRL. The briefing pointed out, however, that the evidence did not have to
be of a sufficient standard to be presented in a Court of Law as evidence supporting
prosecution.

A total of 2,897 coding forms (accident cases) were returned to TRL and only 102
(3.5%) of these had not been completed satisfactorily. These accidents represent
approximately five per cent of the injury accidents that occurred throughout the country
over the three months of the trial.

The scope for enforcing Precipitating Factors

For the purpose of the present ESCAPE report, the data collected in the trial was
examined in two ways. First, the frequency that each factor was chosen as a
precipitating factor was noted. In addition, each factor was assessed as to how amenable
is it to police intervention. The assessment ranges from 0 = no potential, 1-2 = some
realistic scope for enforcement, to 3 = considerable scope for enforcement. Where it
appeared that the scope could be increased in future by new or revised traffic law or by
new technology to help the police to enforce the law, the increased assessment is shown
in brackets. The assessments are those of the authors (JB & AQ).

Table 22 combines the incidence of precipitating factors found during the trial with an
assessment of the scope for the police to discourage that behaviour by regular
enforcement.

The two most common precipitating factors are loss of control and failure to avoid a
vehicle or an object on the road. Together they account for 44.6 % of the mentioned
factors. By their very nature, these situations hardly exist on their own without the
coexistence of the accident. Even though involved drivers might be blamed for the loss
of control or hitting the object (both illegal acts), there is no direct way of enforcing the
underlying violation in regular traffic. Nevertheless, since these factors are strongly
correlated with speeding (for given conditions) it was felt that police speed control
could have impact on these factors. (Driver training, incidence management, obstacle
clearing and roadway maintenance programs are alternative methods to counteract those
accident-precipitating factors).

The next three factors, failure to give way, pedestrian behaviour, and poor turn or
manoeuvre account for another 35% of the mentioned factors. They also appear as
major accident causes in Israel’ s accident database and in Sweden’s sample analysis of
violations involved in accidents.

Several other precipitating factors in Table 22 clearly involve violations of the law:
Failed to stop, drove the wrong way, poor overtaking, opened door carelessly. Some
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factors, such as failure to stop or yield are already being enforced to some degree in
normal traffic conditions, but others, such as door opening, are not. It is difficult to see
how police could prosecute successfully this offence unless there had been an accident
to demonstrate the danger to a court.

Table 22: Precipitating factors in UK accidents and the scope for influencing them by
enforcement

Precipitating Factors listed in 2795
representative accidents

% out of all
factors

reported

Enforce-
ability

6 Loss of control of vehicle 22.6 2

4 Failed to avoid vehicle/object in carriageway 22.0 1

2 Failed to give way 13.5 3

7 Pedestrian enters carriageway without due care 10.7 0 (1)

11 Poor turn/manoeuvre 10.7 2

12 Poor overtaking 4.6 2

10 Sudden braking 4.2 1

3 Failed to avoid pedestrian 2.6 -

1 Failed to stop 2.5 3

9 Swerved to avoid object in carriageway 1.5 1

5 Failure to signal/misleading signal 0.8 1 (2)

13 Drove wrong way 0.5 3

14 Opened door carelessly 0.5 0

8 Passenger fell in or near PSV 0.5 0

15 Other/not known 2.8 -

100%

The scope for enforcing Contributory Factors

The assessment, by police investigators, of contributory factors to the accident took
place after the precipitating factor (usually one) was determined. The instruction was to
identify from the evidence available the factors, which contributed to this failure or
manoeuvre (the precipitating factor) to occur. Up to four factors could be selected from
a list of 54 factors.

Table 23 follows the approach of Table 2, combining the incidence of contributory
factors found during the trial with an assessment of the scope for police enforcement. A
total of 5,847 Contributory Factors were listed for the total sample of accidents. Many
contributory factors were reported rather infrequently, so the Table only includes those
that were reported more than 100 times.
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Table 23: Contributory factors in UK accidents and the scope for influencing them by
enforcement

Contributory Factors (5847) listed in 2795
accidents. Only 16 factors, reported 100+ times,
listed

% out of all
factors

reported

Enforce-
ability

12 Failure to judge other person’s path or speed 10.7 1 (2)

9 Behaviour – careless/thoughtless/reckless 8.8 1 (2)

16 Inattention 8.0 1

15 Looked but did not see 7.5 0

21 Excessive speed 7.3 3

27 Lack of judgement of own path 6.3 1

14 Failed to look 6.2 1

22 Following too close 4.1 2

1 Impairment – alcohol 3.8 3

41 Slippery road 3.0 0

23 Inexperience – of driving 2.8 0

11 Behaviour -in a hurry 2.7 1

39 Site details – bend/winding road 2.2 0

49 Obscuration – stationary or parked vehicle 1.9 0

19 Crossed from behind parked vehicle etc. 1.8 0

48 Obscuration – bend/winding road 1.8 1

Thirty eight not listed factors 21.1

The most frequent 16 factors accounted for nearly 80% of the reported contributory
factors. It is interesting to note that only three of the 16 factors translate directly to
potentially enforceable violations, and they are not the most frequent ones. Of these,
drink-driving (by a driver) can be clearly measured and prosecuted. Speeding over the
posted limit is likewise enforceable but most of the listings here referred to excessive
speed for the conditions, which is more difficult to address. Where close following
(Factor 22) was legally defined, it can be enforced with the aid of suitable technology.
Police officer on the road can also charge a driver for careless of reckless driving
instead, citing the close following as one reason for the charge.

In principle, the careless or reckless driving charge could handle just about any violation
implied, even indirectly, by almost any Contributory Factor, be it factors 12, 9, 16, 15,
17 or more obscure factors such as animal related (Factor 54, e.g. as a consequence of
letting a dog out the car).  In practice, it is difficult to impossible for police to detect,
bring evidence (and convince the courts, if necessary) about such violations in regular
traffic. In fact, the non-specific categories of traffic violations, in all countries reviewed
in ESCAPE, have been used very sparingly.
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Even when reckless driving behaviour is detected, the officer might prefer charge the
driver with one or more specific, clear-cut violations. The discussion of aggressive
driving issues, in section 2.4.3, pointed out that despite the rhetoric about aggression,
actual enforcement is about speeding, stop signs, red light and similar specific
violations. Police in the UK already enforce ‘Aggressive Driving’ (Factor 26, 1.4 per
cent of factors reported).

Except for the influence of alcohol, drive condition factors such as fatigue, health, drugs
and medicines, inexperience, emotional state, inattention-cannot be measured in a
reliable or valid way. They showed up in small frequencies as Contributory Factors.
Many of these are beyond assessment or influence by enforcement, at the present.
However, some are amenable to other influences (such as physician education) or even
to police influence if enforcement is viewed in a broader context. For example, driver
impairment due to fatigue and lack of sleep accounted for 0.8 of the Contributory
Factors reports and there is reason to believe that the role of fatigue may be under-
reported by the police. Ticketing passing motorists for being tired, or stopping them for
“random fatigue tests” are certainly not viable options for police enforcement. However,
enforcing hours of driving regulations on transport companies (and not only their
drivers) is an enforcement operation that is feasible.

The results presented above are based on analysis of a representative sample of injury
accidents in the UK, of all severity levels. Nationally, about 83 per cent of accidents are
classified as slight, so Tables 22 and 23 have been strongly influenced by precipitating
and contributory factors from slight accidents. In order to test for possible bias of this
make up of the sample, the analysis was repeated separately with the Factors cited for
the fatal and serious injuries.

In general, precipitating and contributory factors that were frequently reported in fatal &
serious accidents were also reported frequently in slight accidents and vice versa. The
analyses of Swedish violations implicated in accidents, reported in section 3.1.2, tested
for this bias possibility as well. There, the nominal frequencies were weighted by a
severity index attached to each accident. The result of the test was that violation factors
associated with accidents are generally similar for all levels of severity.

In conclusion, the analyses of accident causes, mentioned violations, or precipitating
and contributory factors, assigned by police accident investigators in Israel, Sweden,
and the UK, respectively, showed very similar outcomes. The same major violations
were revealed, some clearly enforceable some less so. In addition, a large proportion of
accidents appeared to have been caused or precipitated by a wide range of unique
conditions, behavioural and situational.
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3.2 DRIVERS’ VIOLATION AND ACCIDENT RECORDS

Most motorized countries keep a central record of driving licenses. Each person’s
record has relevant biographical and licensing data. In addition, the individual record
may include data on traffic offences charged against the driver and traffic accidents the
driver was involved. In some countries one organization may be responsible for keeping
all the information; in others the data are distributed among various agencies but can, in
principle, be combined.

Ever since the, now classical, studies of the California Driver Record (Coppin, McBride
and Peck, 1965-1967, nine reports with different titles) and similar studies in other
states (e.g. Kaestner, 1964) official driver records in many countries have been analysed
by generations of psychologists, statisticians and other researchers, in order to identify
significant, meaningful, and useful links between the biographical variables, the
recorded violations data, and the accident involvement data.

Much of this effort has been, and still is, aimed at providing statistical prediction models
for identifying, what was labelled at different times, ‘accident-prone drivers’, ‘drivers
with accident liability’ or ‘drivers at-risk’. This is of interest, of course, to theorists of
individual-differences psychology and to social psychologists. It is also of interest to
safety professionals, TLE officials and licensing administrators, who hope to acquire
through this research practical tools for selecting drivers, for devising general licensing
restrictions or for imposing driving restrictions on those who already have offences or
accidents on their driving record.

Setting aside the numerous propositions about associations between biographical /
personality variables and accidents, the empirical issues regarding violations and
accidents are straightforward:
 How strong is the relationship between violations and accidents?
 Does it matter for the relationship what violations drivers are committing?
 Can knowledge of drivers’ violations in one period ‘predict’ their accidents in a

subsequent period?
 How good is the prediction?
 Are repeat violators responsible for a large share of the accidents?

The answers to these questions have been generally known for at least 30 years now
(see e.g. Haight, 1964; Coppin, McBride and Peck, 1965; Stewart & Campbell, 1972;
Elliot et al, 2000). In brief:
 The correlation between violation and accident records is small (about r = 0.2),
 A subset of violations is not better than using all of them, but at-fault accidents are

sometimes better related to violations,
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 The stability of individual records from one year to another is small-drivers move in
and out of the accident and violation subsets,

 On average, the sub-set of drivers with violations will experience more accidents in
subsequent years but the for individual the margin of error makes the prediction
practically useless,

 Previous violations better predict future violations and previous accidents better
predict future accidents,

 In every population there is a small group of drivers who commit many violations
and are responsible for many accidents, but they account for a small fraction of the
total populations of recorded offences and accidents.

More recent studies, using advanced statistical tools, confirmed or refined those basic
findings. In the next sections examples of research bearing on the issue of violations-
accidents association are presented. The examples come from three types of studies:
those based on driver records only, studies that include exposure variables, and studies
that include personal variables derived from theory-based questionnaires.

3.2.1 Violations and accident records

Some of the better studies of the relationship between violations and accidents were
carried for the purpose of developing or evaluating Demerit or Penalty Point Systems.
Such systems are common in EU and other countries, and more countries consider
adopting them as an adjunct to TLE (Zaidel, 2000). The details of the systems may vary
from country to country, but the concept is the same.

Demerit points systems are based on the idea that each recorded violation has certain
weight (points) and when the cumulative count on a driver’s record reaches a given
threshold, the driver is directed into a specified ‘treatment’ process. The underlying
assumption is that the repeated violations are indicative of increased likelihood that
drivers will get involved in accidents in the near future. In order to forestall this from
happening, authorities apply various remedial actions, ranging from warning letters to
psychological treatment to license suspension. (The accumulation of ‘points’ is not
essential to the reasoning; in Finland, for example, a treatment system is based on just
the count of recorded violations).

A study in British Columbia, Canada, combined insurance claim data with official
driver licensing data covering 5 years, to examine how well can a driver’s violation
record during the first 3 years predict at-fault accidents in the following 2 years (Chen,
Cooper and Pinili, 1995). Nearly two million drivers were included in the analysis.
These drivers were involved in about 200,000 accidents a year (damage only and injury
accidents), half of which were marked as at-fault. In the first 3-year period the
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population of 2 million drivers accrued about 1.5 million traffic convictions (= citations
= recorded violations = offences). However, over 1 million of the drivers were free of
any convictions during the first 3-year period and of any at-fault accident during the 5-
year period.

Table 24 shows the distribution of drivers according to their convictions in the 3-year
“pre” period and the corresponding at-fault accident involvement in the 2-year “post”
period. Figure 5 is a graphic representation of the data in Table 24.

The data clearly show how the majority of drivers did not obtain any citations in 3 years
yet they accounted for a sizable share of all the accidents (44% out of 173,230) in the
following 2 years. However, in relative terms, the higher the numbers of pre-period
violations, the more accidents were accumulated in the post-period. For example, of the
357,949 drivers who had had one citation in the pre-period, 37,038 (10.35 %) have had
accidents in the post-period, some more than one, so that the total number of their (at-
fault) accidents was 41,681 (0.116 per driver). There were only 130 drivers with 17
citations in the pre-period but 40.77 % of them were involved in accidents in the post-
period at an average rate of 0.554 per driver.
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Table 24: Recorded offences and future at-fault accidents of British Columbia drivers
(from Chen, Cooper & Pinili, 1995)

3 Year "pre' period 2 Year "post" period

All
convictions

Number of
drivers

Number of
drivers with

accidents

Percent of
drivers with

accidents

Number of
accidents

Accidents
per driver

0 1,304,849 70,283 5.39 76,529 0.059
1 357,949 37,038 10.35 41,681 0.116
2 154,204 21.252 13.78 24,732 0.160
3 76,347 13,061 17.11 15.883 0.205
4 41,277 8,230 19.94 10,090 0.244
5 23,579 5,270 22.35 6,665 0.283
6 14,446 3,590 24.85 4,621 0.320
7 8,768 2,458 28.03 3,244 0.370
8 5.692 1.667 29.29 2,269 0.400
9 3,768 1,197 31.77 1.594 0.423
10 2.475 749 30.26 1,004 0.408
11 1,682 535 31.81 781 0.464
12 1.039 336 32.34 484 0,465
13 708 225 31.87 335 0.475
14 510 169 33.14 245 0,480
15 310 112 38.13 156 0.503
16 229 76 33.19 103 0.450
17 130 53 40.77 72 0.554
18 112 37 33.04 50 0.446
19 76 27 36.53 46 0.592

20 + 200 103 51.5 106 0.530
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Figure 5: At-fault accidents rates of British Columbia drivers as function of prior
violations (from Chen, Cooper and Pinili, 1995).

Analysis of ‘all convictions’ mixes serious violations with minor technical offences and
the question is whether serious violations are more strongly associated with accidents
than the minor ones are. The authors classified the over 200 single offences into the 15
categories shown in Table 25.

The Table also shows the number of drivers who where cited at least once during the
pre-period and the coefficients of the logistic regression model describing the
probability of being involved in one or more at-fault accidents in the post-period given
the number of citations driver has had in each category in the pre-period. The prediction
model included also the number of accidents (AFC) a driver has had in the pre-period.
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Table 25: Frequency of different violations and their associations with future at-fault
accidents of British Columbia drivers (adapted from Chen, Cooper & Pinili, 1995).

Variable
code

Violation category Number
drivers

Coefficient
estimate

Intercept -2.7385

AFC Accidents in pre-period 0.4565

CCC Criminal cods convictions (traffic related) 5,707 0.2821

FTY Failure to yield 50,966 0.3785

WDC Without due care / consideration 14,935 0.0621

STF Speed too fast / excessive 13,915 0.1515

LAN Lane infractions 33,428 0.2699

INT Intersection infractions 25,744 0.2385

FYP Failure to yield to pedestrians etc 21,062 0.1332

ESL Exceed speed limit 526,556 0.2269

MDS Major disobey signal 129,721 0.3329

VDF Vehicle not up to standard 10,455 0.1759

MS Minor disobey signal 41,103 0.3072

FTC Follow too closely 11,164 0.1210

MAD Major administrative infraction 982 Not in model

MA Minor administrative infraction 150,037 0.1182

RSS 24-hour roadside suspension 30,058 0.2631

The most common moving violations are speeding (over the legal limit), traffic signal
and signs related offences, and not yielding. Most DUI violations are subsumed under
the ‘24-hour roadside suspension’ category. Failures to yield and signal violations are
also the variables with the strongest predictive power in the logistic regression model,
more so than speeding offences.

The best predictor for the likelihood to have an accident in the post-period is the number
of accidents a driver has had in the pre-period. This outcome is consistent with other
studies, which have shown that previous accidents are better predictors of future
accidents than previous recorded violations (see Hauer et al, 1991, and recently,
Ferguson, et al, 2001; Daigneault, Joly and Frigon, 2002; and Gebers and Peck, 1992,
for a contradictory result).

The authors acknowledge the possibility that the coefficients may have been biased in a
number of ways, including the confounding of the potential impact on driving that
punishment and other sanctions (applied as a result of violations) might have had on
drivers’ behaviour in the post-period. The severity of accidents was also not considered.
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In a further analysis of the same data-base, Cooper (1997) looked into the association
between different categories of prior convictions (recorded violations) to accident
categories, with special focus on speeding violations and speed related accidents. One
source of confounding was removed by filtering out convictions that resulted from
drivers being involved in specific accidents.

An examination of the ‘coefficients of estimate’ of the conviction categories entered
into logistic regression models, similar to ones shown in Table 25, revealed that
accident severity made a difference. For ‘all at-fault accidents’ the model’s values are
similar to those in the earlier study, in Table 25. Yielding, signal, and lane violations
had high coefficients; speed violations were further down the list. However, in the
logistic regression model developed for fatal accidents, excessive speed (relative to
conditions), not yielding, and alcohol (RSS is proxy to DUI) moved up to the highest
coefficient values. Speeding over the legal limit had about the same value in the same
position in all severity models. Interestingly, the coefficient estimate of ‘previous
accidents’ (AFC) in the model for fatal accidents was smaller than the top violation
categories, and it took increasingly higher value in the models for less severe accidents.

It appears then, that accumulating the types of violations that are considered, by
laypersons and professionals, to be serious or risky violations, is indeed more strongly
associated with fatal and very serious at-fault accident involvements, than with slight
injury or damage only accidents.

In order to analyse the effect of speed violations in more detail, Cooper compiled as
new dataset from the same databases, this time covering four more recent years, 1991-
1994. Over three million drivers were included in this dataset. Cooper separated drivers
according to the type of violations they have committed-no violations, only non-
speeding violations, speeding violations + other violations. Within the speeding
violations a distinction was made between excessive speeding (STF) and exceeding
speed limit (ESL). The number of accidents accumulated by drivers in each
subcategory, over four years, was counted and the rate per driver was calculated. A
separate calculation was done for the rate of involvement in speed related accidental (as
judged by police investigators).

Figure 6 shows the four-year accident rate per driver according the type of conviction
and the number of convictions in their records (excluding convictions resulting from
accidents). Accident involvement rate is monotonically related to the number of
convictions (recorded violations), and this is true for all types of violations. Convictions
for excessive speed relative to conditions increased steeply the likelihood that drivers in
that category will have accumulated accidents, a five-fold increase from having no such
convictions to having 4+ excessive speed convictions. The effect of exceeding the speed
limit was similar to that of all other violations.
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A similar analysis for the subset of accidents classified in police records as speeding
related, resulted in essentially identical results as depicted in Figure 6. The proportion of
accidents attributed to speeding increased with the number of convictions, and it was
about twice as large in the category of excessive speed convictions compared to
speeding over limit or to all other non-speeding convictions.

Figure 6: Accident involvement rate for by conviction type and number of convictions
(from Cooper, 1997).

It should be pointed out that an association between violations and accidents, inferred
from analysis of separate violation and accident records of drivers, is not evidence
proving that the violations have caused the accidents. Exposure, for example, is likely to
be the main source for both convictions and accidents. Most researchers are, of course,
aware of that. Nevertheless, the detailed quantitative associations may still be somewhat
useful for policy and practical guidelines in various TLE activities such as police
operations, demerit-point systems or licensing restrictions.

Studies on demerit-point systems often find that it is possible to develop better
statistical models for classifying drivers into treatment groups, compared to the mostly
intuitive strategy practiced currently (Hauer, Persaud, Smiley & Duncan, 1991; Chen,
Cooper & Pinili, 1995). Another possibility is to consider additional personal variables
for the prediction model, such as age or gender. For example, Gebers and Peck (1992),
Daigneault, Joly and Frigon (2002), among others, have demonstrated in studies similar
to the above, that there is an interaction between age and the contribution of knowledge
of prior accidents to the prediction of future accidents. The relationship appears to get
stronger with older age groups. However, the efficiency of all such models is
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intrinsically small, which means that in applying them one would make serious errors of
tagging the wrong drivers (‘false alarms’) and missing the ones needing attention.

Hauer et. al. analyse the inherent errors in citation (and accident) data and illustrate
compellingly why the actual efficiency of the models must be low. They offer a set of
conceptual and statistical tools to develop models and decision rules, which explicitly
consider the type and size of statistical estimation errors and their social consequences.
They also demonstrated that accident rate per driver in a citation category, might be not
a valid measure of the ‘riskiness’ of the violation, as is often assumed. One reason is
that citations are not identical to actual violations and what is detected and recorded
may not be even proportional to the true number of violations committed. Ease of
detection, enforcement policy and tactics determine the distribution of citations as much
as the true incidence of violations on the road.

The amount of driving is a strong predictor of both violations and accident involvement.
Usually they co-vary in the same direction and increase with annual kilometreage (Peck
and Kuan, 1983) but the relationship with km driven is not linear and is influenced by
the nature of exposure and experience (e.g. Maycock, 1985; Janke, 1991). Therefore, it
would be of interest to test whether violations are associated with accidents over and
beyond the co-variation through simple exposure to the same kilometreage. Lourens,
Vissers & Jessurun (1999) did just that. They used a database of annual surveys of
representative samples of the driver population in The Netherlands. The data included
the usual demographic variables, self reported information about annual kilometreage,
citations received last year, accidents involvements in the same year. The dataset
consisted over 35,000 drivers.

Drivers were classified into five kilometreage categories. Within each exposure
category drivers were divided to those who received fines and those who did not. And
finally, within each subcategory a calculation was made of the percentage of drivers
involved in accidents. Multivariate analysis tested the all the relationships.

Figure 7, shows the number of accidents per 1000 drivers with and without citations, in
each of five exposure categories. Clearly, accident involvement increased with
kilometreage, but drivers with violations always had more accidents. All pair wise
differences are statistically significant with a chi-square test.
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Accidents per 1000 drivers with and without citations
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Figure 7: Rate of accidents of Dutch drivers as function of citations and
annual km driven (adapted from data in Lourens et al, 1999)

The absolute values in Figure 7 are remarkably similar to those reported by Chen,
Cooper and Pinili (1997) for Canadian drivers in British Columbia with different
violation records, shown in Figure 5 above (the values need to be standardised to the
same scale).  Drivers without fines in Figure 7 average 0.043 to 0.158 accidents per
year. Drivers with fines average 0.087 to 0.230 accidents, depending on km category. In
Figure 5 (or Table 24) the average number of accidents per driver per year would be
0.030 for drivers with no convictions, and a rate of 0.058 to 0.296 for drivers with
various numbers of convictions accumulated over the previous 3 years.

The multivariate analysis with annual kilometreage as a covariate, on citations, gender,
age, and education level confirmed that kilometreage had the largest effect on accident
experience, and that citations and age had an additional net effect.

The next example for the association between violations and accidents comes from a
study in Sweden by Rimmo and Åberg (1999), which was discussed earlier in
connection with personal factors influencing the committing of violations. The authors
are interested in developing a driver personality model that would predict drivers’
involvement in accidents. In the context of this study (and many others based on the
DBQ instrument) ‘violations’ are not the citations or convictions on a driver’s record
but scores on selected questions in a questionnaire about tendency -how often do you
engage in this behaviour? ‘Offences’ refer to the number of citations, reported by the
respondent, received over a lifetime for a selected list of offences. Also ‘accidents’ are
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the reported ones for a lifetime (as the sample was of young drivers, lifetime was not
that long!).

Despite the somewhat crude measure of offences and accidents, both were correlated
well with self-reported annual mileage. As Figure 1 (taken from the original study)
shows, annual mileage along with gender (by way of the psychological constructs),
accounted for most of the explained variance in both reported offences and accidents.
Although ‘Violations’, as defined above, were a significant factor in the linear
regression model, they only accounted for perhaps less than 1% of the variance in
reported accidents. Also Parker et al (1995), in a similar study on a sample of 1600
British drivers of al ages, report just 1% improvement in the prediction of self-reported
accidents when the variable of ‘violations’ derived from the DBQ was added to the
regression analysis. Mileage, gender and age accounted for the other 15%. Regrettably,
the correlation between reported offences and reported accidents (which could be
controlled for annual mileage) was not reported in both studies.

The last example relating violations to accidents at a personal level comes from a classic
series of observation studies by Leonard Evans and Paul Wasielewski in the early 80’s
(Evans and Wasielewski 1992 and 1993; Wasielewski, 1994). Unlike the studies
discussed above, which related citations (self-reported or in official records) to
accidents (recorded or self-reported)-Evans and Wasielewski observed non-compliance
events in the natural flow of traffic. From the standpoint of TLE we should indeed be
more concerned with non-compliance than with citations, which are a biased sample of
non-compliance events or behaviours.

Data for a study on headways were collected on free-flowing freeway lanes carrying
heavy commuting traffic. Data on speed behaviour were collected on a two lane rural
road. With the help of photographic equipment and radar ‘speed guns’, either the speed
or the headway of vehicles were recorded. The license plate of the vehicles (and
occupants) was photographed as well. Many thousands of observations were made, a
fact that is critical in minimizing various spurious effects. The registration number of
the license plate enabled linking the measurements to personal citations and accident
records in the state’s Driver Licensing Department. It was reasonably assumed, for the
Detroit area, that the registered owners of the vehicles have been driving them, most of
the time. Many of the vehicles were observed several times during the course of studies,
permitting special analyses of ‘habitual non-compliance’.

Three of the many results of these studies are presented here; one for headway (or close
following), and two for speed. Figure 8 is based on time-headway data for 2576 drivers.
The headways were classified to those shorter than 1 second (and assumed to be risky)
and all equal or longer than a second (only near following cars were considered). For
each headway group, the percent of drivers who have had violations and accidents on
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their (7 year) record was calculated. The bars in Figure 8 show that a higher percent of
close-following drivers have been involved in accidents and accumulated violations.
Differences are statistically significant.

Driving records for close- following drivers vs others
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Figure 8: Percent with violations and accidents among
drivers observed to follow closely compared to others
(adapted from Evans and Wasielewski 1992).

Figure 9: Average speed observed for drivers with different levels of
accidents and violations (from Wasielewski, 1994).

Figure 9 shows a similar analysis for speeding behaviour. The data represent over 5000
drivers observed on a rural road where the legal speed limit was 72 km/h. After
matching the speed records with the accident and violation (this time as demerit-point
count) records, drivers where classified according to the number of accidents and the
number of demerit-points they have had. For each sub-category of drivers the mean
observed speed of the group was calculated. The data in Figure 9 complement the data
of figure 8 in showing that drivers with more accidents or violations (demerit points) to
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their credit, tend to driver faster in their everyday travel, and they also tend to maintain
shorter safety headways from the car in front.

3.3 SPEEDING AND ACCIDENTS ON A ROAD NETWORK

In the previous sections a wide range of studies, all using drivers as the unit of analysis,
demonstrated that non-compliance was associated with increased likelihood of
accidents. Three conceptual-methodological problems limit the robustness of this
conclusion. One is that individual non-compliance was usually measured via a proxy,
such as recorded citations or self-reports about citations rather than actual road
behaviour. Second, in many research designs detailed information is available only
about drivers who have been involved in accidents and little is known about the
behaviour of non-involved drivers. Third, the issue of exposure, particularly the amount
of driving, is often not known and can be assumed as a major confounding factor.

One or more of these issues affects all driver-focused studies and, therefore, it is useful
to have an alternative way to look at the evidence. In this section, we present analysis
based on km unit rather than a driver unit. Traffic behaviour can be monitored on a road
network. Behaviours can be recorded as discrete events (e.g. vehicle with belted or
unbelted driver) or continuous (e.g. speed of each passing vehicle). The events can be
associated with a unit of the network (e.g. section 177 on Europe road 44). To each
network unit we link the accident data associated with it. This kind of database can then
be analysed for the association between non-compliance and accidents. All three of the
conceptual problems mentioned above are under control, in this approach. The approach
may have practical implications for TLE strategic thinking as well.

The two examples we present deal with speed, speeding and accidents. The first comes
from an Austrian study in two regions in the country; the second is an analysis of speeds
and accidents based on data from several European countries.

3.3.1 The effect of speeding on accidents on Austrian roads

An earlier project for the Austrian Ministry of Transport (Knoflacher et. al, 1994)
collected several roadway and traffic parameters on many roads in Lower Austria and
the Tyrol. Speed was measured continuously at 53 census points on these roads. The
speed data for each road section was combined with accident data, provided by road
authorities.

Figure 10 shows how the accident density on road sections changes with deviation of
the calculated mean speed from the posted speed limit on the section. The x-axis shows
the deviation of mean speed from posted speed limit. The y-axis shows the number of
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accidents per road-km per year. Accident density goes up significantly with larger
deviations, especially from 10% over the limit. Interestingly, there is a small reverse
effect as well, when accident density goes down on sections that experience mean
speeds below the posted limit. Some of this may reflect congestion, perhaps. Density of
accidents rate gives a risk measure for a given road section but it does not consider the
amount of traffic on the road. Therefore, volume counts were added to the dataset and
accident rate per vehicle-km was calculated for each road section. Figure 11 shows that
the influence of deviation from speed limit on accident rate is essentially the same as on
accident density.

Influence of variation from speed limit on accident density 
[Acc./road-km per year]
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Figure 10: Accident density on Austrian roads as function of speed
deviation from posted speed limit (Provided by Peter Fischer)
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Influence of variation from speed limit on accident rate 
[Acc./106 vehicle-km]

y = 0,6573e3,4632x
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Figure 11: Accident rate on Austrian roads as function of speed
deviation from posted speed limit (Provided by Peter Fischer)

3.3.2 Speeding and accidents on European roads

The rationale for a special analysis

The analyses presented in this section were prepared by A. Baruya and by E. Lowe, of
the TRL (Baruya and Lowe, 1999).  They have used the database of the European
MASTER project. Under the MASTER programme a detailed study was made of
speeds and accidents on European rural single-carriageway roads (Baruya, 1998;
Baruya et al, 1999).  In that investigation the multinational speed data were statistically
analysed and speed parameters, such as mean speed, standard deviation of speed, were
critically examined.  The results of the investigation suggested that these speed
parameters are strongly influenced by speed limit violation, road geometry and posted
speed limits.  Speed limit violation has a positive influence (increase) and, to a lesser
extent, slow drivers have a negative influence, on the mean traffic speed.

The accident predictive model (EURO) describing the speed-accident relationship on
those roads suggest that speed limit violation is an important contributory factor to
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accidents. In addition, traffic flow, road geometry and traffic environment, were also
found to have significant effects on accidents.

Speed limit violation can be viewed from different perspectives.  At the lowest level of
violation drivers exceeding the speed limit by any margin, i.e. even by a fraction of a
kilometre, may be considered.  At a higher level there are those drivers exceeding the
speed limit by a larger margin. Those margins, or ‘excess’ speeds, over the speed limit
may have an important bearing on accident occurrences and severity.  In this study we
shall define different levels of violation in terms of those excess speeds and attempt to
estimate the accident risk arising from those levels of violation.

European database

The multinational data consisted of information regarding flow, geometry, speeds and
accident occurrences during a period of 3 to 5 years on 139 rural single-carriageway
roads.  The main contributing countries were The Netherlands, Sweden and UK. These
data will be the basis for our investigation. (Portugal was also another contributor, but
those data had to be treated separately for some technical reasons.)  These data were
drawn from roads belonging to five different speed limits – 70, 80, 90, 100 and 110
km/h.  Table 26 shows the cross-tabulation of the roads by countries and speed limits.

Table 26: Distribution of road links over speed limit groups

Number of links in each speed limit group

70 km/h 80 km/h 90 km/h 100 km/h 110 km/h Total

 NL 25 3 28

Sweden 15 38 20 73

UK 38 38

Total 15 25 38 41 20 139

The speed data used were measured during the off-peak period (9:00 to 16:00) of a
typical weekday (Monday to Friday), and they were available in the form of
‘histograms’ with 10 km/h speed intervals, except for the UK roads where 5miles/h
(8km/h) speed interval was used.  All the UK roads came from 60miles/h (96km/h)
speed limit group. These roads have been treated as though they come from 100km/h
roads, even though 60miles/h converts to 96km/h.  Table 27 gives the summary
statistics of the roads from the five speed limit groups.
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Table 27: Summary statistics of roads in six speed limit groups.

70 km/h 80 km/h 90 km/h 100 km/h 110 km/h All

No. of
links

15 25 38 41 20 139

Flow
(per day)

2700
(240-8310)

6764
(3000-
15000)

3816
(170 – 9320)

7944
(2555-
27025)

4706
(1110-7910)

5571
(170-27025)

Length
(km)

2.58
(0.41-10.97)

5.81
(2.50-11.60)

3.45
(0.43-8.36)

2.36
(0.97-11.20)

5.64
(0.52-25.01)

3.78
(0.41-25.01)

Av. NJS 0
(0-0)

6.16
(1-12)

0
(0-0)

2.73
(0-6)

0
(0-0)

1.91
(0-12)

Width
(m)

6.89
(5.5-10.0)

6.96
(5.6-7.9)

9.0
(5.0-13.8)

7.41
(5.4-10.2)

12.58
(8.0-14.5)

8.45
(5.0-14.5)

Speed
(km/h)

71.86
(50-82)

82.76
(77-89)

88.85
(62-99)

73.46
(53-93)

99.82
(91-107)

82.90
(50-107)

AF 0.31
(0.00-1.60)

2.61
(0.25-7.00)

0.58
(0.00-1.80)

1.72
(0.00-4.25)

1.11
(0.00-7.00)

1.33
(0.00-7.00)

AFKM
(per km)

0.12
(0.00-0.49)

0.49
(0.06-1.74)

0.20
(0.00-0.65)

0.84
(0.00-3.80)

0.19
(0.00-0.44)

0.43
(0.00-3.80)

Acc. Rate 18.75
(0.00-69.24)

21.89
(3.06-53.66)

15.70
(0.00-50.69)

31.66
(0.00-90.24)

11.97
(0.00-35.24)

21.31
(0.00-90.24)

Note: (Range of values within brackets) Length = Link length; NJS = Number of minor junctions; Width
=Road Width from edge to edge; Speed = Mean traffic speed; AF = Accident Frequency per year;
AFKM = Accident frequency per km per year; Acc. Rate = Accident rate per 100 million vehicle
kilometre.

Methodology of analysis

The EURO model was developed based on the assumption that the number of accidents
occurring over a period of time is distributed as a Poisson variate, and that the structure
of the accident model was multiplicative.  The model was defined as a product of
several factors, each consisting of some underlying explanatory variables.

To study the effect of speed limit violation the roads belonging to each speed limit
group will be examined separately and the model will be written for the total
number of accidents (A) occurring over a period of (YR) years as  [using E(.) for
expectation ]

E (A) = (YR) [F1] [VF] (1)

where 

[F1]  = factor associated with Flow, geometry, speed etc, as specified in the
EURO model



Project “ESCAPE”
David M. Zaidel Non-compliance and accidents

December 2001

95

[VF]  = violation factor associated with speed limit violation.

The factor [F1] is specifically defined here, for each road, according to Baruya,
Finch & Wells, 1999, as

[F1] = Q0.748 L0.847 V-2.492 e0.038*NJS –0.056 * W

where Q is the flow per day, L is the link length (km), V is the mean speed
(km/h), NJS is the number of minor junctions and W is the road width (m).  This
factor will be assumed to be common to all roads, but it will take different values
for different roads depending on the values of the constituent variates – Q, L, V,
NJS and W.  This factor accounts for the variation in accidents arising from
variations in flow, geometry and so on.

The factor [VF] is to be associated with any speed limit violation.  The exact form
of the factor is not known, but we shall use an exponential function as a first
approximation, the logarithmic version of which is linear.  That is to say (using
‘ln’ for natural logarithm)

ln[VF] = C0 + λ . P

so that the expected value of ln(Accident Frequency) is

E[ln(AF)] = ln([F1]) + C0 + λ . P (2)

where, AF is the accident frequency per year (=A/YR), C0 is a constant, P is the
proportion (percentage of traffic) exceeding the speed limit by a specific margin,
and λ  is the ‘partial’ regression coefficient of ln(AF) on P.   The parameter λ
represents the relative change in accident frequency with respect to a unit
change in the proportion of speeders (P). This parameter will be called Accident
Gradient.  It quantifies the association between accident frequency and speed
violation.

A complete speed histogram, obtained from a given road, contains some details of the
speeders at the tail end.  The tail beyond the speed limit represents the sub-population of
the drivers that are violating the speed limit.  Each histogram contains the detailed
information regarding the number of individuals driving at, say, 70 to 80 km/h, 80 to 90
km/h and so on.  So, these numbers form the basis for calculating the percentage of
traffic exceeding specific speeds, such as 70 km/h, 80 km/h, 90 km/h and so on.
Therefore, the necessary information regarding the percentage P for each level of
violation is readily available from the speed histogram.
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We shall define P(u) as the proportion of traffic exceeding the speed limit by ‘u’
km/h or more.  Here ‘u’ is the excess speed.  Using increasing values of u (u = 0,
10, 20, 30, …), a series of P(u)’s will be obtained from each speed distribution.
Now for a fixed value of ‘u’, say, u = 10, each road will supply a value of P(10)
representing the proportion of traffic violating the speed limit by 10 km/h or more.
Hence, from ‘n’ roads there will be n values of P(u).  These type of data
constitute violation statistics.  Table 3 presents the summary of the violation
statistics for the roads belonging to the five speed limit groups.

Table 28: Proportion (%) of traffic (vehicles) violating speed limit

P(u) 70 km/h 80 km/h 90 km/h 100 km/h * 110 km/h

P(00) 56.18
(1.18-84.89)

58.35
(34.19-77.41)

45.28
(1.15-77.48)

4.85
(0.19-18.26)

24.67
(8.71-44.88)

P(10) 23.92
(0.00-52.96)

22.75
(7.25-42.83)

19.36
(0.08-45.85)

1.21
(0.00-6.17)

7.97
(2.07-18.15)

P(20) 7.37
(0.00-24.77)

7.54
(1.15-17.79)

6.70
(0.00-24.87)

0.65
(0.00-3.75)

2.40
(0.20-6.04)

P(30) 1.99
(0.00-9.19)

2.94
(0.29-6.79)

2.05
(0.00-11.26)

0.12
(0.00-0.75)

0.57
(0.07-2.06)

P(40) 0.50
(0.00-2.65)

1.10
(0.09-3.23)

0.76
(0.00-4.89)

0.08
(0.00-0.65)

0.18
(0.00-0.85)

P(50) 0.20
(0.00-1.25)

0.45
(0.04-1.48)

0.24
(0.00-1.71)

- 0.10
(0.00-0.85)

*Note: Range of values in (brackets). The speed interval for the UK roads (100 km/h) is 8 km/h
instead of 10 km/h

For a fixed value of u, if P(u) is treated as an additional explanatory variable for
accidents (additional to those included in [F1] ), then by regression analysis an
estimate of λ will be obtained for that value of u.  (Note that the factor [F1] is
known since the values of the relevant explanatory variables are available from
the MASTER database.)  In estimating the parameters of [VF] the method of
Generalised Modelling Technique (GLM) was employed, using the calculated
value of ln[F1] as an ‘offset’ variable.  The accident gradient parameter λ  may be
different for different values of ‘u’.  In that case one may consider it as a function
of 'u‘, that is to say λ(u).   Hence, the general expression for the violation factor
can be written, in logarithmic form, as -

ln[VF] = C0(u) + λ(u) . P(u) (3)

In the logarithmic form of equation (1), P(u) is linearly related to ln(AF). In view
of equation (3) the accident gradient parameter λ(u) now represents the rate of
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change in ln(AF) with respect to a unit change in P(u).  That is to say, from
equations (2)

δ ln(AF)/ δ P(u) = Accident Gradient = λ(u)

This is the effect of a unit increase in the proportion P(u) on accidents. If speeding
has a positive effect on accidents, then the value of λ(u) should be positive.

Results

The methodology described in the previous section was employed to estimate a series of
λ(u), for u = 0, 10, 20, 30, 40, …, for each speed limit group. Table 29 presents the
estimates of the accident gradient parameter λ(u) for the five speed limit groups.  The
table shows that the value of λ(u) increases with increasing value of u for speed limits
70, 100 and 110 km/h.  But for 80 and 90 km/h the estimates appear to oscillate around
‘zero’.  The reason is not fully understood.  It is suspected that the samples are not
suitable for this type of study, or that the sample sizes are too small.

Table 29: Estimates of accident gradient λ(u)

Excess speed
km/h  (miles/h) 70 km/h 80 km/h 90 km/h 100 km/h* 110 km/h

0    (0) 0.022 -0.001 0.007 0.030 0.020

10    (8) 0.042 0.004 0.005 0.138 0.044

20  (16) 0.078 0.000 -0.017 0.192 0.128

30  (24) 0.192 -0.009 -0.041 0.244 0.439

40  (32) 0.774 0.019 -0.044 0.930 0.908

50  (40) 1.033 -0.043 -0.174 - 1.242

Note: The bracketed values of ‘u’ (first column) apply to 100 km/h speed limit group
arising from UK speeds which were grouped at intervals of 5 miles/h (8 km/h).

The values of λ(u) for the speed limits of 70, 100 and 110 km/h appear to show an
exponentially increasing trend with increasing values of u.  When an exponential curve
is fitted to each set the following mathematical curves are found: (the values of the
coefficient of determination R2 are based on linear fit to the logarithmic version of the
exponential function)

70 km/h: λ(u) = 0.019 e0.0825 u R2  =  0.98 (4a)
100 km/h: λ(u) = 0.036 e0.0945 u R2  =  0.89 (4b)
110 km/h: λ(u) = 0.022 e0.0881 u R2  =  0.98 (4c)

Figure 12 presents the three curves fitted for the three speed limits, which clearly show
that there is increasing association between the violating proportion of traffic and
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accidents at increasing levels of excess speed.  These results suggest that the accident
occurrences are higher on a road where a larger proportion of traffic is violating the
speed limit by a substantial margin.

110km/h

100km/h

70km/h
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100km/h
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Figure 12: Accident Gradient curves for speed limits
70, 100 & 110 km/h

It is interesting to note that the 70 and 110 km/h roads originate entirely from Sweden,
where flows are low (on average, 2700 and 4700 respectively), whereas, the 100km/h
roads come from UK and the flows on them are much higher (on average, 8000 per day,
ranging from 2500 to 27000).  The curve for the accident gradient λ(u) is steeper on
these 100 km/h roads, indicating that the association between accidents and violating
proportions is slightly higher on these high-flow roads of UK than on the low-flow
roads of Sweden.  It remains to be seen if the volume of traffic has any bearing on this
result.  However, intuition suggests that the risk of speeding is likely to be greater on
high volume roads than on low volume ones, where the probability of facing a
conflicting situation with other drivers is higher.

Since the accident gradient represents the relative change in accidents with respect to a
unit change in the proportion of speeders a value of λ(u) = 0.20, say, means 20%
increase in accidents if P(u) increases by a unit percentage.  Equations 4(a) to 4(c)
describe the relationship between u and λ(u).   Using these equations it is possible to
estimate the percentage rise in accidents if the violating proportion of the traffic
increases.  Table 30 shows the calculated values of λ(u) interpolated from the three
curves for excess speeds u = 0,10, 20,30,40 and 50 km/h. The interpretation of these
values is simple.  For example, take a road with speed limit 100 km/h. The value of λ(u)
for an excess speed u = 20 is 0.24, which means that, accident frequency on this road
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will rise by 24% if the percentage of traffic exceeding 120 km/h  (= 100 + u) increases
by another percentage point.

Table 30: Relative change in accident frequency for a unit change in P(u)

SPEED LIMIT (km/h)

Excess Speed 70 km/h 100 km/h 110 km/h

0 0.019 0.036 0.022

10 0.043 0.093 0.052

20 0.099 0.240 0.126

30 0.226 0.618 0.305

40 0.515 1.591 0.736

50 1.175 4.092 1.776

These curves may also be used to determine the relative risk of the violating proportion
of the traffic against the rest.  For example, if we set λ(u) = 0.5, then a value of u can be
calculated for each speed limit group, to state that accident frequency will increase by
50% if the violating proportion increases by 1% of the traffic. The respective values of
the excess speed, thus estimated, are 39.6, 27.8 and 35.6 km/h for 70, 100 and 110 km/h
speed limit roads.  Using this approach Table 31 has been prepared for some selected
values of λ(u).

Table 31: Table of excess thresholds corresponding to values of λ(u)

Values of λ(u) SPEED LIMIT (km/h)
λ(u) 70 100 110
0.20 28.5 18.1 25.2
0.30 33.4 22.3 29.8
0.40 36.9 25.4 33.1
0.50 39.6 27.8 35.6
0.60 41.9 29.7 37.7
0.70 43.7 31.3 39.4
0.80 45.3 32.7 40.9
0.90 46.8 34.0 42.3
1.00 48.1 35.1 43.5
1.50 53.0 39.4 48.1

Conclusions about the analysis and the outcomes

The European speed-accident data collected under the MASTER project have been
critically examined to investigate the impact of speed-limit violation on accidents. The
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MASTER database consisted of information on speed, flow and geometry, on 139 rural
single-carriageway roads under five speed limit regimes – 70, 80, 90, 100 and 110 km/h.
Different countries supplied data from different speed limit roads.  Sweden supplied
data from 70, 90 and 110 km/h roads, The Netherlands from 80 km/h and UK from 100
km/h roads.

Information regarding different level of violation was extracted from the upper tail of
speed distributions. The level of violation was defined in terms of ‘excess’ speed over
the speed limit. The violation statistics derived from the speed distributions were
critically examined for each speed limit regime separately, and violation-accident
relationships were derived for different levels of violation.

The results of the investigation are mixed and interesting.  Two speed limit groups (80
and 90 km/h) produced neutral results, suggesting that on the roads belonging to these
two speed limits speed violation have no significant effect on accidents.  But the
remaining three speed limit groups (70, 100 & 110 km/h) produced consistently
significant results, indicating that there is a strong association between speed limit
violation and accidents. These results also suggest that the accident gradient parameter,
representing the relative change in accidents for a unit change in the violating
proportion (percentage), is higher for higher level of violation.  The value of this
parameter has been found to increase exponentially with the increasing level of
violation.

The accident gradient curve, relating accident gradient to excess speed, enables us to
estimate, by interpolation, the relative increase in accident frequency at a specified level
of violation.  For example, if the violation level is, say, 30 km/h above the speed limit,
then a unit rise in the violating proportion of traffic will raise the accident frequency by
22.6% on a 70 km/h (low-flow) road and 61.8 % on a 100 km/h (high-flow) road.

The accident gradient curve also enables us to estimate the level of violation in terms of
excess speed, at which the accident risk is increased by, say, 50 percent.  For example,
on a 70 km/h road, at excess speed 39.6 km/h the accident frequency will increase by
50%, if the violating proportion at that level increases by a unit percentage.  Note that,
on some roads in this speed limit group, up to 2.6 % of traffic commits this level of
violation.

Finally, a word of caution about the limitations of the analysis. This investigation was
essentially exploratory.  The results are based on small sub-samples ranging from 15 to
38 road sections. Each sub-sample is a collection of roads selected, under the MASTER
programme, from a particular speed limit regime and they may not be suitable for the
type of analysis warranted by this investigation. Besides, each sub-sample has been
drawn from a particular country, and the participating countries are not represented in a



Project “ESCAPE”
David M. Zaidel Non-compliance and accidents

December 2001

101

balanced way in these sub-samples.  A larger and more representative database would
be useful to confirm and extend the analysis to additional variables, such as traffic flow,
which may influence the accident gradient curves.
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