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Executive Summary

The speed at which drivers choose to drive isamajor
component of their behaviour on the road, and one that
playsamajor role in the frequency and severity of
accidents. In-depth accident studiesin the UK and the US
have identified inappropriate speed choice as being one of
the factors most frequently contributing to accidents, while a
recent study of police reportsin this country has shown that
they record speed as afactor in up to athird of all accidents.

Considerable progress has been made in recent timesin
researching the relationship between speed and accidents
at an aggregate level. However, the factors that influence
the speeds adopted by individua drivers are less well
understood, and there is aneed for such information in
order to develop more effective ways to modify drivers
speed choice. The objectives of this study are to identify
those characteristics of adriver that are most influential in
determining his or her choice of speed, and to explore the
links between these characteristics, the speeds chosen, and
the accidentsin which the drivers are involved.

The study used a combination of on-road observation
and survey techniques. The first stage consisted of taking
unobtrusive speed measurements of a sample of free-flow
vehicles on avariety of roads, and at the sametime
recording the vehicle registration numbers on video.
Twenty-four sites were surveyed on avariety of roadsin
the vicinity of TRL. The second stage involved identifying
the owners (and thus ultimately the drivers) of selected
vehicles through the Driver and Vehicle Licensing Agency
(DVLA). The owners of the sampled vehicles were then
sent a self-completion questionnaire. This collected
personal details of the driver, and information about the
trip being undertaken when the vehicle was observed, as
well as opinions about speed and speed limits.

The main part of the questionnaire comprised eight
psychological scales on which the respondents were asked
to rate themselves. Some of these scales were derived from
earlier work in the behavioural studies programme, and
others were constructed for the present investigation. The
eight scales were: Decision Making Style; Mild Socia
Deviance; Violation Scale; Sensation Seeking; Intolerance;
Driving Stress, Hazard Involvement; and Driving Style. A
final section of the questionnaire obtained information on
the numbers and details of accidents that the driver had
been involved in over the last three years.

It should be noted that the sample of drivers used in this
study do not represent a‘random’ sample of UK drivers.
Because the study was a study of speed choice, only
drivers with more than a 3 second headway between
themselves and the car in front were sampled. Also, to
maximise the number of free flowing vehiclesin the traffic
stream, the speed surveys were carried out mainly during
off-peak periods. The sample of sites used in the study
excluded higher speed roads such as motorways, and
because some drivers were to be invited to take part in
later experimental studies, the siteswere local to the
Transport Research Laboratory. In addition, the effects of

weather on speed could not be evaluated during the
analysis independently of the permanent geometric and
design features of the sites.

A further non-random element is introduced into the
sampling as aresult of the use of a postal questionnaire to
collect personal data, since this technique will inevitably
introduce some bias arising from the self selecting nature
of the respondents who completed and returned the
guestionnaires. Nevertheless, despite these limitations, the
sample of drivers obtained represents a significant section
of the driving public.

Of the more than 5000 driversin the sample, the faster
drivers tended to be young, driving high annual mileages
in large cars; they aso tended to be travelling alone to or
from work. While there are a variety of interacting factors
which determine an individual driver’s choice of speed,
the largest single influence was the site characteristics,
which accounted for over half of the variation in speed.
Because of the dominance of the site to site variations,
there is no meaningful relationship between absolute
speeds and individual driver characteristics, and in order to
detect associations between speed choice and individual
characteristics it was necessary to use relative speed asthe
dependent variable.

A regression analysis of individual driver speedsrelative
to the site mean speed showed that the variables which best
predicted the speeds of drivers were age (11% effect size)
and annual mileage (2.7%). Overall, the difference between
the sexes was not statistically significant. In the discriminant
and logistic regression approaches used, age remains avery
strong predictor of relative speed, whereasthe rlatively
small effect of annual mileage became non-significant when
other variables were included in the models.

When the psychological variables were used on their own
to predict speed, the largest positive association arose from
the violation scale (an 8% effect). Mild socia deviance was
also a positive speed predictor, and provided some
additional explanatory power, though it ceased to be
significant when age and other explanatory variables were
added to the model. The sensation seeking scale was a
significant positive correlate of speed for male drivers only.
Out of the eight psychological scales used in this study, the
violation, sensation seeking and stress scales appeared to be
reasonably robust in all the analyses attempted.

Once age, annual mileage and trip frequency effects had
been alowed for, speeds were influenced by the driver's
occupational group and the following driving conditions:
driving to or from work, driving without a passenger, and
engine size of the car being driven.

Drivers were also asked to report the number of accidents
in which they had been involved in the last 3 years. The
results of modelling this data were very much in line with
what would be expected from other recent accident studies.
Thus, accident frequencies are strongly dependent on age
and driving experience. Although in the earlier studies age
and driving experience were fitted using a reciprocal



relation, in the present case, a smple negative exponential
proved to be an adequate descriptor of the age effect. As
expected, both age and experience are very significant
correlates of accident liability, asalso is exposure.

Of the psychological variablesincluded in this study,
hazard involvement, driving style and violation score
related to accidents for both male and female drivers, with
driving style having the largest effect. Mild socia deviance
appeared to be significant as a predictor of accident
liability for female drivers only, whilst decision making
style was significant for male drivers only. Thereisno
obvious explanation for these sex differences.

By using predicted speeds as an explanatory variable in
the model of accident involvement it was possible to obtain
an apparent relationship between speed and accidents. This
relationship suggested that a 1% change in adriver’ s choice
of speed is associated with a 7.75% change in accident
liability. This apparent strong ‘ cross-sectional’ association
between speed and accidents does not necessarily imply a
causal link between the two, and it cannot be assumed that
reductions in speed by particular drivers (a*‘within driver’
effect) will necessarily result in accident reductions of asize
predicted by this association. It seems probable that the
association arises from the fact that both speed and accidents
arerelated in similar ways to the same variables -
particularly age, experience, and exposure.



1 Introduction

1.1 Speed and accidents

The speed a which drivers chooseto drive is accepted as
being not just akey indicator of driving style, but also as
having a mgjor influence on both the number and the severity
of traffic accidents. This has resulted in a sizeable amount of
research being conducted in an attempt to better understand
the characteristics of thisrelationship and the underlying
mechanisms through which it operates, in order to develop
more effective measures for changing speed behaviour.

It seems logically reasonable to see speed as being
involved in both the causes of accidents and in their
consequences. The basic dynamics of an impact will
determine that the outcome of an accident - in particular
the severity of any resulting injury - will increase non-
linearly with speed as the kinetic energy of impact
increases. The causal pathways relating speed with the
probability of having an accident are less clear-cut.
However, it is certainly reasonable to hypothesise that
higher speeds will mean shorter decision times which will
in turn place greater demands on the perceptual, cognitive
and judgemental abilities of drivers. Situational factors -
such as the demands on drivers when overtaking - will also
place greater demands on drivers when the speeds are
higher, and in near-accident situations, avoidance
strategies and recovery from perceptual and decision-
making errors will be more critical. All these mechanisms
would be expected to result in causal links (albeit complex
ones) between speed and the likelihood of adriver
becoming involved in an accident.

Attempts to quantify the size of the speed element in
accident causation have produced a wide variety of results.
However, there is general agreement that inappropriate
speed choiceis one of the factors most frequently
contributing to accidents. For example, in-depth accident
investigations conducted in the UK (Staughton and Storie,
1977; Sabey, 1983), identified excessive speed (or driving
‘too fast’) as a contributory factor in between 10 and 15%
of al accidents studied. A major study in the US (Treat,
1980) found a generally similar pattern of results.

A more recent in-depth study conducted inthe UK again
highlighted excessive speed as an important contributory
factor in accidents (Carsten et al., 1989), while areview of
contributory factors using a number of UK police databases
suggested that speed plays akey rolein accident causation,
being identified as afactor in up to athird of all accidents.

A number of studies have attempted to model the link
between speed and accident rates. However, in considering
thisrelationship it is necessary to draw adistinction
between two kinds of association:

i the relationship between the parameters of the speed
distribution on a particular road and accidents on that
road, with speeds and accidents aggregated over all
drivers using the road, and

the relationship between the speed an individual driver
typically adopts and the accident liability of that
individual driver, averaged over all roads.

With regard to the former type of speed-accident
relation, arecent review based on the findings of alarge
number of international studies has suggested that an
increase of 1 mph in mean speed on a stretch of road can
be expected to lead to a 5% increase in the number of
accidents (Finch et al., 1994). The analysis of the data,
however, revealed that the mechanisms behind this
relationship are in fact extremely complex.

Early studies suggested that it was speed variance rather
than mean travel speed that determined accident rate
(Solomon, 1964; Munden, 1967), possibly because the
variance influences the rate of overtaking in a stream of
traffic (Hauer, 1971). Thiswould result in a U-shaped
relationship between accident involvement and driving
speed. However, more recent studies have failed to support
the idea that slow drivers have high crash rates (Garber
and Gadirau, 1988; Fildes, Rumbold and Leening, 1991).

In recent times, interest isincreasingly being directed to
studies of the second type referred to above, where the focus
isontheindividual driver. The aim has been to find some
explanations for the statistical relationships established in
thefirst type of study, and to use this knowledge as the basis
for devel oping measures designed to modify drivers speed
choice in such away asto reduce accidents. The findings of
these studies will be reviewed briefly in the next section.

1.2 Studies of speed choice

Much of the available information on the speeds chosen by
drivers has been obtained from large roadside surveys.
Typically these have used unobtrusive observation
methods, though in some cases drivers have been stopped
and asked to participate in a brief interview. To ensure that
only genuine speed choices are recorded, observations are
confined to free-flowing traffic. An early study by Smeed
(1973) reported on speed measurements taken in four
European countries. It was found that both driver age and
driver sex were good predictors of selected speeds, with
the young driving faster than the old, and males driving
faster than femal es. Speeds also increased with vehicle
power-to-weight ratio, and decreased with vehicle age.

Similar results were obtained by Herberg (1978), who
suggested that the faster driver characteristically drivesa
powerful car, often for business purposes, and has a high
annual mileage. Herberg also found that fast drivers are
younger, and tend to have dlightly higher accident rates,
but found no significant sex differences.

A multiple regression analysis was undertaken by Galin
(1981), in which a number of human, mechanical, traffic
and environmental variables were studied. The results
showed that driver age acted as a predictive variable for
the speed of light vehicles, but not for heavy vehicles.
Distance travelled before being observed influenced travel
speeds, with the observed speeds of heavy vehicles being
affected in this way three times as much as cars. Whilst
vehicle age was found to influence the speeds of cars (with
older vehicles travelling slower) no such influence was
found for heavy vehicles.

An interesting result reported by Galin was that the
regresson equations for the 85th and 95th %ile speeds were
substantially different. For instance, driver age and the



percentage of male drivers affected the 85th but not the 95th
%ile, while the number of occupants and journey purpose had
no affect on the 85th %ile but did on the 95th %ile speed.

At Generd Motorsin the early 1980s, Evansand
Wasdewski (1982, 1983) had investigated close following
behaviour in a series of large scae on-road sudies.
Wasielewski (1984) then devel oped thisline of research further
by using driving speed as a surrogate for risk-taking behaviour.

In line with earlier work, Wasielewski found that
younger drivers adopted faster driving speeds. When a
multivariate analysis was employed, there was no effect of
sex on driving speed. Lone driverstended to drive faster
than accompanied ones, and regular users of the road
tended to be faster drivers. Seat belt use, at least in the US
at the time of the study, did not appear to influence driving
speed. In terms of the vehicle, Wasielewski found that the
slowest speeds were exhibited by light vehicles (<1600
kg), and that vehicles of intermediate and heavy mass were
driven at higher speeds. The study also revealed that newer
cars were driven faster.

An Augtrdian study by Fildes, Rumbold and Leening (1991)
st out to examine whether the profile of the typica fast driver
might change depending upon the road environment. The
authors studied two types of road (straight and curved) in two
environments (urban and rurd) and found - contrary to
expectation - that the resultsfrom all four locations were
remarkably smilar.

In accordance with expectation, though, was the finding
that driver age is asignificant factor in speed choice.

Y ounger drivers (those under 34 years of age) were more
likely to be driving above the 85th %ile speed, and older
drivers (those over 45 years of age) were more likely to be
excessively slow drivers. However, the sex of the driver
was not found to be a significant factor. There were other
factorsin this study that did have a significant effect on
observed travel speed including vehicle age, type of
vehicle, trip purpose, and the number of occupantsin acar.

All these studies were consistent in finding an effect of
age, with younger drivers tending to drive faster. Sex
differences are less clear-cut, with some studies finding
that male drivers tend to drive faster, and othersfailing to
find an effect of sex. Vehicle age and the presence of
passengers aso recur in thisliterature as significant
influences on speed choice.

In addition to these roadside surveys, there have been a
number of investigations that have attempted to collect
more information about the individua driver. Often, these
studies have been concerned more with general aspects of
driving behaviour than with speed choice itself. For
instance, the selection of extreme speeds has been looked
at in research projects investigating driving violations,
either from a criminological viewpoint (Corbett and
Simon, 1991) or when considering attitudinal influences
(Parker et al., 1992). These studies used survey techniques,
where self-reported speed was the variable of interest.

Another approach, using relatively small numbers of
subjects, has been to observe a driver’s choice of speed
while on atest drive, and then to relate this to the results of
arange of laboratory tests (e.g. Quimby and Watts, 1981)
or elseto avariety of questionnaire scales (e.g. West,
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Elander and French, 1992, who also reported a small scale
validation study of self-report against actual speed).
Further still from ‘real life' behaviour are those
investigations that have used simulators to study speed
behaviour (e.g. Hagan, 1975; Dorn et al., 1992).

The variety of approaches adopted in the pastisto a
large extent a reflection of the methodological problems
that confront researchersin this area. These will be
addressed briefly in the next section.

1.3 Methodological issues

The objective of this project is to provide information that
could be used to develop ways of changing the speed
behaviour, and it sets out to do this by identifying those
characteristics of adriver that are most influential in
determining the choice of speed. In order to achieve this
objective, it is necessary to decide on two issues: what data
to collect, and how to collect it. Thefirst questionis
surprisingly difficult. Aswell as driver characteristics,
there are potentially many other factors that can influence
adriver's speed and safety. Table 1 lists some of the
factors that are known to influence different aspects of
driving behaviour. Although it is reasonably extensive it
does not represent acomplete list, but servesto illustrate
the complexity of this particular issue. A genera
understanding of the problem is further complicated by the
likelihood of interactions between the various factors.

In the face of such awide range of possibilities, one
course of action might be to look for some form of
theoretical structure to employ in guiding data collection.
However, an examination of the dozen or so theories that
could be relevant to speed choice indicates that no single
theory or model is adequate, and points to the need for a
more eclectic approach. An opportunity to do this has been
provided by the output from the research carried out over
the last decade in the behavioural studies programme
(Grayson, 1997), where a variety of approaches have been
deployed towards gaining a better understanding of the
mechanisms underlying driver behaviour. Much of the
work in the programme has been concerned with
investigating the link between psychological factors and
accident liability; the present study provides an
opportunity to look at the relation between these factors
and the intervening behavioural variable of speed choice.
The variables selected from the programme for inclusion
in the present study are discussed in Section 2.3.

The second methodological issue - how to collect data -
inevitably involves an element of compromise. In order to
relateindividual drivers choice of speed to their
psychological and personal data, it is necessary to collect the
observed on-road speed data and psychological information
from the same group of subjects. Roadside surveys are
capable of obtaining very large samples of drivers, but are
usually restricted to investigating only those variables that
can be derived from observation, such as age, sex, and
vehicle type, or from very short interviews with drivers. At
the other extreme, studies using instrumented vehicles or
simulators can collect very detailed information, but are
usually restricted to very small samples.



Table 1 Factorsinfluencing driver behaviour

Driver factors

Other factors

Demographics Age/driving experience

Sex

Exposure (annual mileage, type
of road, light/dark etc.)
Occupationa group

Visual ability Static and dynamic acuity
Visual field

Field dependence
Driving skill Car handling ability
Hazard perception
Judgemental skills

Risk tolerance
Socia/driving deviance
Thrill/sensation seeking

Psychological factors

Temporary states Mood
Fatigue
Impairment due to drink or drugs
IlIness
Speed adaptation

Trip characteristics Length
Purpose

Urgency

Performance
Comfort

Car characteristics

Road environment Road type

Design speed
Speed limit
Enforcement levels
Maintenance
Environmental factors Presence of passengers
Presence of pedestrians
Time of day
Signs/warnings

Local knowledge
Weather

The problem was overcome in the present study by
collecting the information in two separate stages. Thefirst
stage consisted of taking single speed measurements of a
sample of free-flow vehicles on avariety of roads, and at
the same time recording the registration numbers on video.
The second stage involved identifying the owner (and thus
ultimately the driver) of the vehicle through the Driver and
Vehicle Licensing Agency (DVLA). The owners of the
sampled vehicles were then sent a self-completion
guestionnaire in order to collect information on arange of
biographical, driving history, and psychological variables.

The use of a single speed measurement allows for a
range of sites to be studied, with asmall unit cost per
observation. The assumption of consistency in speed
choice implicit in selecting this procedure was deemed
justified on the basis of evidence from earlier large scale
field studies (Wasielewski, 1984) and more recent work in
the behavioural programme (West, Elander and French,
1992). If one accepts this assumption, a further
consideration is to define the meaning of ‘free-flow’.
Generally speaking, free-flow traffic is such that adriver is
at liberty to choose his or her own speed, with no influence
of either preceding or following traffic. Evans and
Wasielewski (1982) suggest that vehicles travelling with a
headway of 2.5 seconds or more can be considered to be
driving at their preferred speed. The present study adopted
three seconds as the criterion.

The use of self-completion questionnaires to study
psychological variablesis awell-established technique that
has played a central rolein the behavioural studies research
programme in the last decade (Grayson, 1997). TRL has

used the technique extensively in itsinvestigations into
accident liability (e.g. Maycock, Lockwood and L ester,
1991), and in a unique follow-up study has demonstrated the
basic reliability of exposure and accident data collected in
thisway (Maycock and Lester, 1995).

In order to complement the survey data, a further phase of
the study involved asking anumber of the sampled driversto
attend TRL and undergo a series of accompanied test drives
and to take part in a series of laboratory tests. This phaseis
reported in a companion volume (Quimby et al., 1999).

2 Method

2.1 Sitesand equipment

Speeds of vehicles were sampled at 24 sitesin al on a
variety of roads, but excluded motorways. Vehicle spot
speeds were obtained by using aradar ‘gun’ positioned
alongside the road. The radar was mounted inside an
unmarked vehicle that was parked off the main
carriageway (either in alay-by or on agrass verge. Vehicle
registration numbers of all passing vehicles were obtained
from the same position using a video cameralinked to a
recorder. The equipment was not visible to drivers.

The video recordings were analyzed at a later date,
when each vehicle' s headway was measured from a
counter on the playback machine. To simplify the video
analysis, the vehicle speeds taken from the speed gun were
superimposed onto the continuously recorded video image.



2.2 Sampling

Only carswereincluded in the study. Taxis and obvious
business vehicles, such as Post Office vans, were excluded. So
also were those drivers who had aheadway of lessthan three
seconds. Theintention of thiswasto include only driverswho
weredriving at their persondly sdected speed. Thethree
second criterion is a conservative one when compared to some
other research (e.g. Evans and Wasidlewski, 1982).

The vehicle registration numbers of the sampled cars
were then sent to the Driver and Vehicle Licensing
Agency, who provided the names and addresses of the
registered keepers. These were then sent a questionnaire
together with a covering letter. The letter informed the
drivers of the date and time of observation and asked them
either to complete and return the questionnaire if they were
driving on the observed occasion, or else to passthe
guestionnaire on to the appropriate driver concerned.

It was only possible to sampletrafficin onelane at a
time. On multi-lane roads and dual carriageways the speed
gun and camera were trained on each carriageway and on
each lanein turn for equal periods of time so asto obtain a
representative sample of vehicles from each lane.

Drivers were sampled according to their speed relative
to the characteristics of the speed distribution at the
particular site at the time at which they were observed.
From the distribution of free-flow speeds, driversin each
of five speed bands were selected for inclusion in the
study, as shown in Table 2 below.

Table 2 Driver sampling strategy in relation to observed

speeds
Proportion
of respon
Soeed range Sample -dents
Band 1 (Fast)  Speed > 85th %ile All 18%
Band 2 70th %ile speed < 85th %ile All 19%
Band 3 Around the median speed 3out of 8 20%
Band 4 15th %ile < speed 30th %ile All 20%
Band 5 (Slow) Speed < 15th %ile All 23%

Because the drivers of particular interest in relation to
individual speed choice are those in the upper and lower
tails of the speed distribution, al driversin bands 1,2,4 and
5 were included in the sample, but only a proportion of
driversin the 40th %ile band around the mean; in fact the
same number of drivers asin each of the other four bands
was sampled from this central band.

Because the registration numbers were not readable in
the dark, it was not possible to include daylight/darkness
as an experimental factor in this study.

2.3 Questionnaire

The questionnaire was designed to obtain information
about arange of those factors regarded as likely to
influence both speed and accidents, and that could be
measured by means of a questionnaire. As mentioned
earlier, when devising the scales intended to measure the
psychological factors account was taken of those that have
been effective in recent behavioural studies.

The questionnaire (see Appendix) was structured into
five sections.

Thefirst section (Q1-Q5) asked about factors which
were relevant to the particular journey being made when
the driver’s speed was measured. These factors were: the
purpose of the trip, information about any passengers
being carried, vehicle ownership, and engine size. The
second section (Q6-Q9) asked respondents for their views
about the behaviour of other drivers, about the seriousness
of specific speeding offences, and about the probability of
being stopped by the police for speeding.

Section 3 of the questionnaire (Q10-Q14) asked drivers
to assess their own driving. In particular, respondents were
asked to rate themselves as faster or slower than other
drivers, about the frequency with which they were
prepared to exceed the speed limit, and about the reasons
for infringing the limit. A question intended to €elicit their
views about what kinds of measures might cause driversto
drive more slowly was also included in this section.

The central part of the questionnaire (Q15-Q19)
consisted of 57 separate behavioural and attitudinal items.
Many of these items were drawn from scales that had been
used in previous behavioural research, together with other
items added to cover new constructs. In all, eight scales
were used, as set out below.

1 Decision making style: This scale was taken from
French et al. (1993), who have established arelation
between aspects of decision making in everyday life and
road accident involvement.

2 Mild socid deviance: A scale of generd anti-sociad
motivation developed by West et al. (1992), and shown by
them to be associated with the risk of accident involvement.

3 Violation scale: Reason et al. (1991) developed a scale
measuring a driver’s self-reported frequency of
committing traffic violations (including speeding),
which has been linked to accident liability.

4 Sensation seeking: Previous research on the motivational
aspects of driving (e.g. Naatanen and Summala, 1974)
has suggested that speed might be influenced by a
driver’ sdesire for excitement. Questions on ‘ sensation
seeking’ were therefore included in the questionnaire.

5 Intolerance: A link between intolerant attitudes and
accidents has been postulated for many years, while
more recently there has been interest in the role of Type
A behaviour (e.g. Perry, 1986). Some questions were
added to explore this possibility.

6 Driving stress: In asimilar vein, questions were
included relating to the stress perceived by driversin
order to test the hypothesis that stress and speed (and
accidents) arerelated.

7 Hazard involvement: A link between hazard perception
and accident liability has been established by Quimby et
al. (1986), based on responses to filmed eventsin a
simulator. A new scale termed ‘hazard involvement’ has
been constructed for the present study, asking how
frequently drivers find themselves in hazardous
situations as aresult of perceptual failures.



8 Driving style: This scale was an abbreviated version of
one developed by Guppy (1993), and subseguently
found to be of value in the analysis of the TRL cohort
study of novice drivers (Maycock and Forsyth, 1997).

Thefinal section of the questionnaire (Q20-Q38)
obtained information about accidents and offences and
elicited some personal details about the drivers. Accidents
were defined as any incident which occurred on apublic
road and which involved injury or damage to property.
Accident involved drivers were asked to provide details of
the accidents they had experienced in the last three years,
giving the date, the lighting conditions at the time of the
accident, the type of road on which the accident happened
and details of other road users or objects involved.

In making the link between speeds and accident liability,
it isimportant to bear in mind that whereas accident
liability is arepresentation of the propensity of adriver to
become involved in accidents averaged over both space
(the road network) and time (3 years), the objective speed
measure obtained in this study has been measured at one
point on the network at a unique moment in time. The
assumption in attempting to relate these two quantitiesis
that the single measure of individual speed choiceisin
some way a behavioural manifestation of that individua’s
cognitive, social, attitudinal and motivational
characteristics which not only determine his or her choice
of speed, but also driving behaviour more generally.

3 Results

3.1 Responserate

Questionnaires were sent to 9,453 registered keepers of
observed cars. Reminder post cards were sent out to non-
responders after about 3 to 4 weeks. Table 3 showsthe
response rate achieved by the survey. Over 500
guestionnaires were returned, either by the Post Office or
the home owner, with a message stating that the addressee
was not available or unknown, possibly because the person
had changed address and not notified DVLA.

Table 3 Questionnaire responses

No reminders Reminders sent Total
Valid responses 4526 554 5080
Driver not available 522 31 553
No response 413 3407 3820
Total 5461 3992 9453

Table 3 shows that the response rate for the return of
valid questionnaires before reminders were sent was
47.9%, which is quite low compared with other recent
TRL surveys. The poor response may have been
something to do with the length of the questionnaire, the
length of time that could have elapsed before the
questionnaire was received (although this period was kept
to aminimum), the possible sensitivity of some questions,
or because some drivers may have felt that being selected

by on-road observations was an invasion of their privacy.

The response to the reminder cards was particularly
poor, making this an ineffective way of increasing the
sample size, athough some of the reminders will possibly
have been sent (again) to inappropriate addresses as a
result of DVLA records not being up to date.

It isimpossible to evaluate the effect of the low response
on the analyses to be presented in the following sections,
but it is necessary to bear in mind that the sample of
respondents was never intended to be representative of all
licence holders or car drivers. Even if the response rate had
been higher, the sample sent questionnaires was limited to
drivers actually observed on the road largely during off-
peak hours and constrained also by the sampling strategy
described above.

Because of instances of missing data, the number of
respondents available for inclusion in the analyses to be
described in the following sections will be less than the
maximum number given in Table 3 and will vary from
analysisto analysis.

3.2 Psychological scales

As mentioned above, the psychologica scales were based

on drivers responses to questions 15 to 19. Theitemsin this
section were in part drawn from scales used in recent
behavioural research, with the remainder being origind. In
order to construct the scalesto be used in the anaysis, the
raw response data was subjected to afactor analysis. The
resulting scales were assessed for reliability using
Cronbach’s Alpha. Ineffective items were dropped until

each scale reached an acceptable level of interna
consistency (with an Alphavalue of about 0.6 or better for 6
items). The resulting scales used in the analyses are shown
in Table 4 which gives the number of itemsin each scale
and the value of Cronbach’s Alpha. The table also showsthe
mean value for the scale and range of scores observed.

Table 4 Psychological scales

Cron Range
Scale Number -bach’'s  Mean of
identifier Description of items  Alpha  score  scores

DECISION Decision making style 5 0.58 18.9 6-25
MSD Mild socia deviance 10 0.73 125  10-30

VIOLATE  Willingness to commit 9 0.73 15.9 9-35
driving violations

SENSAT Sensation seeking 7 0.68 8.4 7-32
propensity

INTOL Intolerance 7 0.75 11.2 7-29

STRESS Driving stress 4 0.65 5.7 4-17

HAZARD  Hazard involvement 9 0.63 11.5 9-25

STYLE Generd driving style 6 0.77 14.0 9-35

In all cases, the ‘sense’ (or direction) of the scales
shown in Table 4 is that the higher the score the ‘worse’
the driver’s performance from the road safety point of
view. Thus, for example, a high score on the decision
making scale will mean the driver does not plan well
ahead, does not make decisions carefully, and often



changes his or her mind after having made a decision. A
high violation score will mean that the driver islikely to
report committing the various violations included in these
scales more often than those with lower scores. A high
score on the hazard involvement scale will mean that the
driver relatively often becomes involved in hazardous
situations - for example, misjudging gapsin main road
traffic or swerving suddenly to avoid an accident. A high
driving stress score means that drivers find driving
stressful - for example, they get flustered when too muchis
going on at once, and they relatively often get into
situations in which they find it hard to cope.

The driving style scaleis rather different. Respondents
were asked to describe their driving style using six bipolar
scales (a subset of the scales originally proposed by Guppy
et al. (1990) that had been found to be of value in the TRL
cohort studies of novice drivers (Maycock and Forsyth,
1997). The scales were presented with contrasting
descriptions of the driving style characteristics at each end
of a segmented scale, and the respondents asked to put a
tick somewhere on the line at a point which corresponded
to their assessment of their own driving style. For example,
the scale representing patience was presented as follows:

: Impatient

The resulting scores (1 to 7, but reversed where
necessary) when factor analyzed gave a two-factor
solution identical to that found in earlier studiesin which
this scale was used (Forsyth, 1992). The two factors
combine the following qualities - Factor 1: attentive,
careful and safe, and Factor 2: placid, patient, tolerant. For
the present study, since these two factors are themselves
correlated with each other, they have been combined into
one scale. Low scores on this scale correspond to drivers
who consider themselves as attentive, careful, patient and
tolerant, whilst high scores correspond to drivers with the
opposite characteristics.

3.3Thesample

Although 5080 drivers returned completed questionnaires,
not every driver provided information on every
questionnaire item. The numbers of driversin the analyses
varies because of such missing data. Tables5 - 7 show
how the sample of respondents is distributed by age, sex,
driving experience and annual mileage.

Table 5 shows the average ages and the distribution of
the sample of drivers by age group (in five bands) for male
and female drivers. Overall thereis afairly even spread of
ages, though there are rather more young women drivers
than young men, and fewer women than men drivers over
60. This may be a consequence of the fact that the majority
of speed observations were made during off-peak periods
in order to sample free-flow traffic conditions, and may
include, for example, mothers fetching children from
school and older drivers making daytime shopping or
leisuretrips.

Table 6 shows the distribution of the sample of drivers
by driving experience (the length of time since passing the
test, grouped into 4 bands, and the average value for men
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Table5 Distribution of drivers ages

Age group Males Females Both
Percentage of drivers

17 - 29 years 13 16 15
30 - 39 years 18 30 23
40 - 49 years 20 28 24
50 - 59 years 18 16 17
60 years and over 31 10 21
Average age 49.0 42.4 45.9
Total numbers 2693 2363 5065

Table 6 Distribution of driving experience

Driving experience Males Females Both
Percentage of drivers

1-10years 14 22 18
11 - 20 years 19 36 27
21 - 30 years 23 30 26
31 years and over 44 12 29
Average experience 28.2 19.4 24.1
Total numbers 2693 2362 5055
Table7 Milesdriven per year

Annual mileage band Males Females Both
Percentage of drivers

Up to 5000 12 35 22
5001 - 10000 28 40 34
10001 - 15000 27 17 22
15001 and over 33 8 22
Average mileage 15,890 8,810 12,670
Total numbers 2662 2223 4885

and women drivers. There is aclear difference between the
sexes reflecting the age structure shown in Table 5; far
more men than women have 31 years or more of driving
experience, and more women drivers than men have less
than 30 years of driving experience.

Table 7 gives the breakdown of the driver sample by
annual mileage (grouped into 4 bands) for male and female
drivers. As might be expected, females drive on average
about half the mileage of men, and thisfact isreflected in
the distributions for men and women drivers. Three-
quarters of the women drivers reported annual mileages of
less than 10,000 miles; in contrast, 60% of male drivers
drive over 10,000 miles per year. This probably reflects
the fact that women driving during the day are more likely
to be making short local trips whilst many of the male
driverswill be driving during the course of their work.

3.4 Speed preliminary analyses

3.4.1 Mean speed by age, sex and mileage
Table 8 shows the mean speed of the sampled drivers averaged
acrossdl driversand al roads, by sex and age group.

The table shows that there is a clear age effect; 17-29
year old male and female drivers drive 4-5 mph faster than



Table 8 Mean speed (mph) by age group

Number
Age group Males Females Both of cases
17 - 29 years 44.9 437 44.2 744
30 - 39 years 44.3 2.7 43.4 1185
40 - 49 years 42.4 41.0 41.6 1194
50 - 59 years 42.5 41.1 41.9 871
60 yearsand over  39.4 39.2 394 1070
All age groups 42.2 41.8 42.0 5064

those over 60 - an effect which is highly significant
statistically (F= 38.6, p < 0.001). Also, women drivers
drive about 1 mph slower than men (F=20.05, p < 0.001)
when no adjustments are made for other speed related
effects (particularly annual mileage).

Table 9 shows the mean speed for groups of drivers with
different annual mileage.

Table 9 Mean speed (mph) by annual mileage group

Number
Annual mileage Males Females Both of cases
Up to 5000 miles 39.3 40.5 40.2 1081
5001 - 10000 miles 40.9 42.2 41.6 1654
10001 - 15000 miles  42.8 42.8 42.8 1095
15001 miles and over 43.8 43.0 43.6 1060
All mileage bands 42.2 41.8 42.0 4890

The table shows that high mean speeds are strongly
associated with high mileage drivers (F= 24.3, p < 0.001),
though the results of the multivariate modelling to be
presented later will suggest than alarge part of this
apparent mileage effect is due to a correlation between age
and mileage - young higher speed driverstending to drive
higher mileages (r=-0.13 p < 0.001). Women drivers
(covering similar mileages) are still 0.4 mph slower than
the men, though this effect is now at the margins of
statistical significance.

3.4.2 Speed band distribution by age, sex, mileage and
self-reported speed
As an aternative way of examining age effects, Table 10
shows the proportion of drivers (for males and females) in
the five speed bands as a function of age (also grouped
into five bands). Focusing on the speed band 5 (slower
drivers), it will be seen from the table that only 14% of
young drivers (male or female) feature in this band
compared to 37% of drivers over 60. Conversely in speed
band 1 (faster drivers), 32% and 24% of male and female
drivers respectively feature in this speed band compared
with less than 9% of over 60s.

Reflecting the speed-mileage effects shown earlier,
Table 11 shows the way in which the proportions of
driversin the 5 speed bands varies between the annual
mileage groups - though of course the mileage effect is
still compounded with age effects. Low mileage (and
older) drivers are more likely to be found in speed band 5

Table 10 Distribution of sample by age group and speed

band
Age Speed Speed Speed Speed Speed Number
group band5 band4 band3 band2 band 1 of Cases
(Sow) (Fast)
Percentage of drivers

Males

17 - 29 years 14 12 19 23 32 364
30 - 39 years 17 15 20 21 27 481
40 - 49 years 22 22 19 18 19 536
50 - 59 years 23 21 19 20 17 490
60 years and over 37 25 17 12 9 822
All ages 25 20 18 18 19 2693

Percentage of drivers

Females

17 - 29 years 14 11 22 28 24 374
30 - 39 years 19 20 20 21 20 704
40 -49 years 21 22 20 23 14 379
50 -59 years 27 19 23 18 13 658
60 years and over 37 28 17 11 7 247
All ages 22 20 20 21 17 2362

Table 11 Distribution of sample by annual mileage and

speed band
Annual Speed Speed Speed Speed Speed Number
mileage band5 band4 band3 band2 band1 of Cases
(Sow) (Fast)

Percentage of drivers

Males

Up to 5000 miles 35 23 15 14 13 308

5001 - 10000 miles 30 23 18 16 13 755

10001 - 15000 miles 21 18 21 19 21 725

15001 miles and over 21 18 17 20 24 874

All mileages 25 20 18 18 19 2662
Percentage of drivers

Females

Up to 5000 miles 25 25 18 20 12 773

5001 - 10000 miles 21 17 22 22 18 897

10001 - 15000 miles 16 17 24 23 20 368

15001 miles and over 21 17 20 20 22 184

All mileages 21 20 21 21 17 2222

(dlow) for both men and women, and high mileage (and
younger) driversin speed band 1 (fast). The largest sex
difference in the table appearsin the slow speed band (5),
where low mileage women drivers make up 25% of this
group compared with 35% for the men.

In the questionnaire, drivers were asked to rate
themselves on a 5-point scale as being ‘fast’ or ‘slow’
drivers. Although this self-rating is not the same kind of
objective measure as age and mileage, Table 12 shows
how drivers were distributed in the five observed speed
bands according to their self-rated speeds.

The association between self-assessed speed and observed
speed band is clear. Drivers who rate themselves as ‘ much
sower’ represent over athird of driversin the dow speed
band (5) compared with only 7% of driverswho rate
themselves ‘much faster’. In the fast speed band (1), the



Table 12 Comparing the speed at which you drive with
that of other drivers, would you say that, in
general, you drivefaster or slower than them?

Drive faster or
slower than
other drivers?

Speed Speed Speed Speed Speed Number
band5 band4 band3 band2 band 1 of Cases
(Sow) (Fast)

Percentage of drivers

Males

Much faster 18 12 7 20 43 40
A little faster 13 13 19 23 32 486
About the same 24 19 18 20 19 1236
A little ower 32 26 19 21 12 848
Much slower 35 28 21 12 4 75
All speeds 25 20 18 18 19 2685

Percentage of drivers

Females

Much faster 6 20 13 13 48 15
A little faster 14 13 19 21 33 205
About the same 19 17 22 23 19 1262
A little slower 28 25 19 18 10 826
Much slower 35 23 18 20 4 51
All speeds 22 20 20 21 17 2359

effect is more pronounced, with over 40% of drivers rating
themselves as ‘ much faster’ compared with only 4% of
driversrating themselves as ‘ much slower’. Thisindicates
that drivers are generally quite good at assessing their
speed in relation to other drivers.

3.4.3 Speed band distribution: psychological variables
The principal aim of this study was to quantify the
relationship between the psychological variables, the
relevant demographic variables, and the speeds at which
drivers were travelling when they were observed. The first
step towards this aim was to perform simple one-way
analyses of variance using speed band as the independent
variable, and each of the psychological variablesin turn as
dependent variables. The results are shown in Table 13.

Table 13 Analyses of variance exploring the effect of
the psychological variables on speedswithin
the five speed bands

Scale score
Psychological (Speed band 5
variable (slow) - band 1 (fast)) Sgnificance F
Decision making style  19.0 - 19.0 F=08 Not significant
Mild socia deviance 121- 129 F=218 p<0.0001
Violations 14.7 - 17.4 F=704 p<0.0001
Sensation seeking 81-91 F=418 p<0.0001
Intolerance 106 - 11.9 F=285 p<0.0001
Stress 57-55 F=5.0 p < 0.001
Hazard perception 114-115 F=07 Not significant
Driving style 13.3-14.8 F=155 p<0.0001

The table shows that in six out of eight cases there was a
significant effect of speed band on psychological scale
scores. However, as has been noted earlier, there are also
strong age and mileage differencesin mean speed and in
the distribution of subjects between the speed bands. The
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next stage therefore was to perform similar analyses of
variance, but to include age and mileage (and sex) as
covariables, so adjusting for the variance attributable to
each of these variables before assessing whether there are
significant differences in the psychological variables
between the speed groups. The results of these analyses are
shown in Table 14.

Table 14 Results of ANOVA showing effects of sex and
speed band with age and mileage as covariables

Speed effects
Psychological Speed
variable band Sex Age Mileage
Decision F=08 F=6.0 F=711 F=271
making n.s. p<0.05 p <0.001 p < 0.001
Mild socia F=21 F=129.3 F=7424 F=89
deviance n.s. p<0.001 p<0.001 p<0.01
Violations F=26.9 F=2859 F=637.2 F=727
p<0.001 p<0001 p<0.001 p < 0.001
Sensation F=139 F=1440 F=379.1 F=195
seeking p<0001 p<0001 p<0.001 p < 0.001
Intolerance F=42 F=94.0 F = 648.6 F=6.2
p<0.01 p <0.001 p < 0.001 p<0.05
Stress F=50 F=2589 F=164 F=238
p<0.01 p <0.001 p < 0.001 p < 0.001
Hazard F=0.2 F=228 F=23.0 F=16
perception n.s p<0.001 p<0.001 n.s.
Driving style F=16 F=63.0 F=4254 F=22
n.s. p <0.001 p < 0.001 n.s.

This analysis showed, as expected, that there are very
significant age and sex effects for al the psychological
variables, with the mileage effects being rather weaker.
However, once the effects of age, sex and annual mileage
have been allowed for, the table shows that significant
differences between the speed bands remain for only four
of the eight psychological variables: Violations, Sensation
seeking, Intolerance and Stress - with the size of the
relationship for the first two being considerably stronger.

These preliminary analyses have confirmed the findings of
earlier studies that speed choiceis strongly associated with
age and mileage, and have also established that there are
psychological variables which can aso help to explain
variation in speed choice. However, it isalso clear that these
effects are strongly inter-correlated, and so to explore these
effectsfurther it is necessary to employ multivariate methods.

3.4.4 Speed differences between various driver sub-groups
Table 15 below shows the proportion of driversin
different vehicle ownership categories and their average
speeds. The mgjority of vehicles were privately owned,
and the proportion of driversin company cars -
predominantly men - is very similar to the figures obtained
in other recent TRL surveys. An analysis of variance based
on the log of speed shows that both vehicle ownership and
sex effects are statistically significant (F=7.6, p<0.001 and



Table 15 Vehicle owner ship and mean speeds

Table 17 Engine capacity and mean speed

Percentage of drivers Mean speed (mph)

Percentage of drivers Mean speed (mph)

Vehicle ownership  Males Females Both Males Females Engine capacity Males Females Both Males Females
Privately owned 81 94 87 41.6 417 Up to 999cc 4 10 6 39.8 40.9
Company owned 17 5 1 44.9 42.8 1000 - 1499cc 29 47 37 411 41.2
Owned by hire company 1 <1 1 41.7 38.8 1500 - 1999cc 51 13 43 425 425
Other 1 <1 1 44.4 42.1 2000 cc or over 16 10 14 438 42.8
Total numbers 2690 2360 5050 42.2 41.8 Total numbers 2683 2312 5002 42.2 41.8

F=3.9, p<0.05 respectively); the main speed difference
responsible for this result is that male company car drivers
drive on average just over 3 mph faster than those driving
private cars, and about 2 mph faster than their female
counterparts. Speed effects corrected for age and mileage
are presented below.

Table 16 shows the distribution by trip purpose for men
and women drivers. Journey purpose and the interaction
between journey purpose and sex of the driver are
statistically significant in this case (F=21.9, p<0.001, and
F=4.6, p<0.001). The speed difference between male and
female driversis small for both driving to work and for
shopping or leisure trips. Male drivers, however, appear to
drive about 3 mph faster when they are driving as part of
their work. For both sexes, shopping and leisure driving is
2-3 mph slower than driving to work.

Table 16 Jour ney purpose and mean speed

Percentage of drivers Mean speed (mph)

Journey purpose Males Females Both Males Females
Driving to or from work 23 21 22 43.4 43.3
Driving as part of work 21 7 15 44.8 41.8
Shopping or leisure 40 47 43 40.4 41.2
Cannot remember/other 16 25 20 414 41.6
Total numbers 2675 2347 5022 422 41.8

Table 17 givesthe distribution of car driversin the
sample by the engine size of the car they were driving, and
shows that women tend to drive smaller cars than men.
Average speed clearly increases with the engine size of car
(F=13.2, p<0.001); cars with engine sizes over 2000cc are
driven at speeds which are about 4 mph faster than cars with
engine sizes less than 1000cc. The differences between male
and female driversin the table are not significant. Thereisa
correlation between the size of the vehicle being driven, the
occupational group of the driver, and whether or not it is
company owned. The larger cars tend to be company owned
vehicles driven by respondents belonging to the senior
managerial, administrative or professional group.

Table 18 showsthe effect on speed of whether the driver is
carrying apassenger or not. It can be seen that between 30 and
40% of both men and women were carrying a passenger (the
sampling procedure included relatively few commuter trips), and
that driverswith passengers drive somewhat dower than those
without. Both the passenger main effect and theinteraction term
aresgnificant in this case (F=29.3, p<0.001; F=10.3, p<0.001).

Table 18 Passenger s and mean speeds

Percentage of drivers Mean speed (mph)

Whether carrying a

passenger or not? Males Females Both Males Females
Yes 32 38 35 40.6 41.4
No 68 62 65 42.9 42.0
Total numbers 2616 2286 4902 422 41.8

Table 19 shows the proportion of driversin the sample
classified into five occupational groups, and the mean
speeds associated with them. The speed differences are not
large, however, and the effects shown in the table are not
statistically significant.

Table 19 Occupational group and mean speeds

Percentage of drivers Mean speed (mph)

Occupational group Males Females Both Males Females
Senior managerial, 14 22 34 42.6 42.1
administrative or

professional

Junior managerial, 27 40 33 41.9 425
administrative or

professional

Skilled manual 18 3 11 41.7 41.3
Semi skilled or 6 5 6 415 40.6
unskilled manual

Student, housewife/ 5 30 16 2.7 40.8

husband, unemployed

Total numbers 2663 2319 4982 42.2 41.8

The questionnaire asked drivers how many penalty
points they currently had on their licence, and whether in
the last 5 years they had been warned or prosecuted by the
police for any motoring offence (other than parking
offences). The distribution of penalty points was, as
expected, very non-uniform; most drivers had either none
(86.5%), 3 (10.7%) or 6 (1.4%) points. Table 20 shows the
responses to these questions and the average speeds of the
various sub-groups of drivers.

Table 20 shows that drivers with more penalty points on
their licence are faster drivers - astatistically significant
main effect (F=5.8, p<0.003). Similarly drivers who have
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Table 20 The consequences of motoring offences and

mean speeds
Offence Percentage of drivers Mean speed (mph)
related
category Males Females Both  Males Females

Penalty 0,1or2 83 91 87 421 419

points: 3, 4o0r5 14 8 11 44.0 43.4

6 and over 3 1 2 45.6 41.2
Total numbers 1963 1545 3508 42.2 42.0
Warned by No 84 89 86 41.9 41.7
the police: Yes 16 11 14 43.8 43.3
Total numbers 2570 2136 4706 42.2 41.8
Prosecuted: No 86 94 90 41.9 41.8

Yes 14 6 10 444 43.6
Total numbers 2557 2130 4687 422 41.9

been warned by the police or who have been prosecuted in
the last five years are faster drivers - again both main
effects are significant (F=21.1, p<0.001; F=19.3, p<0.001
respectively). It isinteresting to note that 58% of those
warned by the police were warned for a speeding offence,
and 81% of those prosecuted were for speeding offences.

3.5 Speed: multivariate analysis

3.5.1 Multipleregression

The object of the analysis reported in this section isto relate
the observed speeds of individual driversto site,
demographic and psychological variablesusing a
multivariate regression approach. Figure 1 shows a ‘ box
plot’ of the speed distributions observed at the 24 sites at
which measurements were made - ordered in terms of
ascending mean speeds; the central band of the box plot is
the 25-75%ile range. It will be seen that the spread of speeds
increase as the mean speed increases - that is, the variance of
the speed distribution is not constant, violating one of the
assumptions of linear regression. In order to stabilise the

HO

Speed (mph)

variance and to improve the Normality of the speed
distributions, the analysis will use the natural logarithm of
observed speed (Ln(speed)) as the independent variable.
The use of the log transformation has the added advantage
that the resulting regression equation expresses the
explanatory effects as speed ratios rather than speed
differences. Thisis particularly useful in relation to the site
to site variation which will now be considered.

3.5.2 Siteto site variation in speed
Given therelatively large site to site variations in mean
speed, the first step therefore in the speed analysis was to
fit ‘site’ asacategory variable with 24 levels. The
resulting model is:

In(v,) =

[Mean In(V)]_, ., + IN(S) @)

j=1to24
whereVij isthe speed of vehicle ‘i’ (i:1...nj) at site’j’, and
the term in the square brackets is the mean vaI ue of InV,
averaged over all n vehicles observed at site ‘| Ln(S)
the residual of the regr ion equation at this stage |sthe
difference on alog scale of the speed of the individual
vehicle ‘i’ to the mean (logged) speed at the site'j’. S
therefore (dropping the subscripts for clarity) represents
the within site speed effect relative to the site mean speed
thus effectively normalising the speed datain relation to
the geometric mean speed for individua sites. In(S) will be
used as the dependent variable in the subsequent analysis.

The site to site variation in speed represents alarge
proportion of the total variation in the speed measured in
the survey. Based on In(V), the total sums of squares about
the mean for the dataset as awholeis 211.2. The addition
of the siteterm (equation (1)) resultsin aresidual sum of
squares of 95.6. Thus 55% of the variation in observed
speed is due to site to site variations in road geometry and
other site specific effects such as weather and road
condition. It is also possible, even though the observed
vehicles were intended to be ‘free flowing’, that traffic
flow conditions may have influenced site mean speeds.
The subsequent analyses (using In(S)) as the dependent
variable will largely exclude site to site effects.

N= 157 369 258 165 180 147 235 218 185 77 210 208 170 308 205 233 237 268 94 166 252 226 176 320

Site (in ascending order of mean speed)

Figure 1 Boxplot showing the distribution of speed at each of the 24 sites
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3.5.3 Age, sex and annual mileage effects

Tables 8 and 9 above have shown that age and annual
mileage are strongly related to speed choice with an
indication that some rather more subtle differences might
exist between mae and female drivers. Moreover, Tables
15-20 above have shown that in terms of the raw speed
averaged across sites, vehicle ownership (company or
private), engine size, journey purpose (mainly work versus
non-work), whether a passenger is being carried or not, and
the consequences of motoring offences al significantly
distinguish between groups of driversin terms of the speed
at which they drive. The present section aimsto determine
the age, mileage and sex effects on speed using InS asthe
dependent variable, and to assess the size of the speed
effects of the various category variables when age and
annua mileage have been adjusted for.

In order to achievethis, alinear statistical model has
been fitted to a sub-set of the data containing 4730 cases
having no missing data for age, annual mileage or sex. The
model is asfollows:

InS = b (AGE - 46) + b,(MILEAGE - 12,440) +
b,SEX + [b,CATEGORY] )

The left hand side of the above equation is, aswe have
already seen, the natural logarithm of the ratio of the
individual driver’s speed to the geometric mean speed for
the site; Stherefore has an average value of 1, and InSan
average vaue of 0. Ignoring for the moment the term
CATEGORY on the right hand side of eguation (2), the use
of ‘reduced variables for age and mileage in which both
variables are expressed as the difference between the
observed value and the mean values for age and mileage in
the data set as awhole (46 and 12,440 respectively), results
in there being no constant in this equation. The model
coefficients for equation (2) including only the age, mileage
and sex terms are shown in Table 21 (the CATEGORY term
will be considered later).

Table 21 LnS (speed ratio) asa function of age, annual
mileage and sex

Variable Coefficient (t-value) Effect size for S
Age b, -0.0023 (17.0) +5.4% t0 -5.6%
Mileage b, 6.70 107 (3.5) -0.7% to 2.0%
Sex b, -0.006 (1.3)

Coefficients in italics are not statistically significant at the 5% level.

It will be seen that the overall difference between the
sexes corresponds to an effect on the speeds of about 0.6%
relative to the site mean speed (women driving slower than
men), and that this term was not statistically significant.
This overall gender term was therefore omitted from the
subsequent analysis. Age has by far the largest effect on
relative speed. The ‘effect size' for agein Table 21 isthe
percentage change in speed relative to the site mean speed
predicted for adriver aged 23 (the 5th %ile age) and a
driver aged 71 (the 95th %ile age) respectively compared
to adriver of average age, which was 46. The speed of the

younger driver isjust over 5% above the site mean and
that of the older driver nearer 6% below the site mean - an
overall change of 11% in speed across the age range - in
approximate agreement with the absolute speeds shown in
Table 8. The mileage effect has the opposite sign. A driver
driving only 2,000 miles ayear (the 5th %ile mileage) has
aspeed which isjust under 1% below the site mean speed,
whilst adriver driving 30,000 miles ayear (the 95th %ile
mileage) has a speed which is 2% above the site mean - an
overall 3% effect which is considerably smaller than that
shown in Table 9 because of the correlation between age
and mileage.

In terms of residual variance, the addition of age and
mileage terms reduces theinitial residual sum of squares of
95.5 (i.e. after the site to site variation has been removed)
to 89.5 - areduction of 6.3%.

3.5.4 Speed differences between various driver sub-
groups (corrected for age and annual mileage)
In order to evaluate the effect of the various category
variables on speed adjusting for age and annual mileage,
each of the variables of interest were added to the above
model singly -the ‘CATEGORY' variable in equation (2) -
with the resulting coefficient b, quantifying the magnitude
of the effect and its statistical significance. Theresults are
shown in Table 22. The category variables correspond to
those aready considered in Tables 15-20: vehicle
ownership (mainly whether the car is privately owned or
company owned), journey purpose, engine capacity,
whether or not the driver was carrying a passenger at the
time of the observation, occupational group, the number of
penalty points on the driver’s licence (in three bands), and
whether or not the driver had been warned by the police or
prosecuted for a motoring offence in the last five years.
The coding scheme is such that the first level of each
category variable is ways the reference category (denoted
by Rinthetable); the values of the coefficients (b,)
estimated for the other levels of each category then reflects
the differencesin In(S) between the reference level (the
first) and each of the other levels. Moreover since Sisthe
ratio of speed to the site mean speed, it follows that
100(exp(b,) - 1) - the ‘effect on speed’ given in the final
column of the table - is the percentage amount by which
the speed associated with a particular level is greater
(positive) or less (negative) than the speed associated with
thefirst (reference) category - all effects being corrected
for differencesin age and mileage between the various
levels. In examining the effect on speed of these variables
the, sex-category interaction was tested in all cases; if there
was no significant interaction, the results for males and
females are combined into a single figure, otherwise effect
sizes are given for male and female drivers separately.
Considering first those categories in the upper half of
Table 22 which correspond to Tables 15-19. The
consequences of using relative speeds instead of absolute
speeds and in particular of correcting for ‘ between sub-
group’ differences in age and annua mileage has changed
the pattern of results reported earlier. In Table 22, with the
exception of driving company cars and driving as part of
the job (driving for work), sex differences are not
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Table 22 The associations between speed, and other category variables corrected for age and mileage effects

Coefficient b, (t-value) Effect on speed

Category Level M F M
Vehicle ownership Private R

Company 0.025 (3.0) ns +2.5%
Journey purpose Driving to work R

Driving for work -0.039 (2.9) ns -3.8%

L eisure/shopping -0.030 (5.6) -3.0%
Engine capacity <1000cc R

1000 - 1499cc 0.009 (1.1) +0.9%

1500-1999cc 0.030 (3.4) 3.0%

>2000cc 0.042 (4.3 4.3%
Carrying passengers? Yes R

No 0.030 (7.0) +3.0%
Occupationa group Senior Managerial R

Junior, managerial, and manua workers -0.014 -1.4%

Students, housewives etc. -.027 -2.7%
Penalty points 0lor2 R

3, 4o0r5 0.022 (2.2) ns +2.3% -

6 and over 0.055 (2.8) ns +5.7% -
Warned by the police No R

Yes 0.030 (3.8) ns +3.0 -
Prosecuted for a motoring offence No R

Yes 0.034 (4.0) ns 3.5% -

Coefficients in italics are not statistically significant at the 5% level, but are included for completeness

statistically significant for these categories. By contrast,
significant speed differences exist for male drivers who
drive company cars or while driving for work, which are
not significant for female drivers.

Similarly, there are significant speed differences
between the groups defined by the three categories at the
bottom of the table (penalty points, warned by the police
or prosecuted), but unlike the raw speeds shown in Table 20
these differences are significant only for male drivers.
Table 22 indicate that drivers who have been warned or
prosecuted by the police drive 3 to 3.5% faster than those
who have not been warned or prosecuted. This effect is
reinforced by the classification based on penalty points.
Drivers who have acquired three, four or five (mostly
three) penalty points on their licence drive on average just
over 2% faster than those without, and drivers with six
points or more on their licence drive nearly 6% faster.

The magnitudes of the speed effectsin Table 22 are
usualy smaller that the raw percentage differences found
in Tables 15-20. For example, whereasin Table 15 amale
company car driver would appear to drive just under 8%
faster than a male private car driver, the corresponding
figurein Table 21 isonly 2.5%. This difference arises
from the fact that company car drivers will be both
younger and higher mileage drivers than those driving
private cars, and both these factors will tend to reduce the
apparent difference in speed when speeds are adjusted for
age and mileage.

In the case of occupational group, the correction for age
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and mileage has introduced a speed difference which was
not apparent earlier. Table 22 shows that when the
occupational group categories which proved not to be
statistically different are combined to give the three
categories shown in the table, there is a consistent trend for
junior managers/manual workers to drive more slowly than
senior managers and for the third category (students,
housewives/househusbands and the unemployed) to drive
slower than junior managers/manual worker combined
category. Age and mileage corrections have even produced
areversal of aspeed effect apparently present in the raw
speed data. Table 16 showed that male drivers driving as
part of the job drive on average dightly faster than when
they drive to or from work (44.8 compared to 43.3mph).
The Table 22 analysis on the other hand shows that the age
and mileage correction has turned this small positive
difference into a sizeable negative one - for the same
reasons as those that reduced the speed difference between
company car drivers and private car drivers.

In summary, speed choice strongly depends on age and
mileage. In addition, a variety of other category
distinctions can be made - engine size, journey purpose,
occupational group and company or private car - which
influence a driver’s choice of speed for both men and
women drivers. Other distinctions, notably those
concerned with the committal of driving offences - penalty
points score, being warned or prosecuted by the police -
also define groups of male drivers whose choice of speed
issignificantly different from their fellows. Although these



distinctions may be important in some contexts, for the
purpose of exploring the psychological determinants of

speed choice in the following section, they will be ignored.

3.5.5 The psychological variables

This section uses amultivariate regression approach to
explore the relationship between relative speed (using the
ratio S) and the psychological variables used in this study:
decision making style (DECISION), mild social deviance
(MSD), willingnessto commit driving violations
(VIOLATE), sensation seeking propensity (SENSAT),
intolerance (INTOL), driving stress (STRESS), hazard
involvement (HAZARD) and generd driving style (STYLE).
One of the mgjor difficultiesin interpreting the results of
statistical modelsinvolving these variablesisthat they are
quite highly inter-correlated and that they are also correlated
with age and annual mileage. Thisisillustrated in Table 23
which shows the relevant Pearson correlation coefficients.

It will be seen that with the exception of decision making
style, al the psychologica variables are quite highly
positively correlated with one another, and negatively
correlated with age; with the exception of stress, they are all
positively correlated with annual mileage. The
interpretational difficulty concernsthe causal pathways
involved: to what extent are the speed reductions we have
already seen to occur as drivers become older a direct
consequence of reduced tendency of older driversto violate
or engage in sensation seeking behaviour or indeed any of
the other psychological variables measured in this study, or
to what extent are they a consequence of some aspect of
maturation not captured by these driving related
psychological measures? Unfortunately, smple regression
identifies associations within the data rather than causal

pathways, and is therefore unable to answer such questions.
It is nevertheless instructive to attempt to examine to what
extent the psychological variables can account for the speed
differences in the data with and without the addition of age
and annual mileage as explanatory variables.

Accordingly two models similar in principle to that of
equation (2) have been fitted to InS - the first with the eight
psychological variables potentially included as explanatory
variables, and the second with age and mileage added; in
both models sex has been included in an appropriate form
as apotential explanatory variable. Asin equation (2)
‘reduced’ variables (i.e. the variables mean values) have
been used, and the model is based on areduced data set of
4162 respondents for whom full datais available. Table 24
shows the model with only those psychological variables
significant at the 5% level or better included.

Table 24 shows that in the absence of age and mileage
effects, five of the eight psychological variables can be
regarded as significantly related to speed choice, though
the last two (sensation seeking and hazard perception) are
significant for male drivers only. Three are positive - mild
socia deviance, willingness to violate and sensation
seeking behaviour. Table 23 has shown that al three are
strongly correlated - particularly VIOLATE and SENSAT
(0.44) - though they are clearly making significant
individual contributions to explaining the variation in the
speed ratio S. Violation score (VIOLATE) isby far the
largest effect with a 5-95%ile range of just over 8% in
speed. Sensation seeking has atotal range of 3% and mild
socia deviance just under 1.5%. This model reduces the
residual sums of squares from an initial value of 83.3 (for
this data sub-set after site to site variations have been
removed) to 78.6 - areduction of 5.6%.

Table 23 Pear son correlation coefficients between the psychological variables, age and annual mileage

AGE MGE DEC MSD VIOL SEN INT SRE HAZ

AGE 1

MILEAGE -0.13 1

DECISION 0.01 0.08 1

MSD -0.33 0.12 0.01 1
VIOLATE -0.32 0.24 0.01 0.31 1

SENSAT -0.26 0.15 -0.00 0.26 0.44 1

INTOL -0.35 0.14 -0.07 0.30 0.46 0.45 1

STRESS -0.10 -0.15 -0.07 0.06 0.01 0.03 0.20 1

HAZARD -0.07 0.07 -0.07 0.16 0.28 0.24 0.34 0.22 1

STYLE -0.28 0.09 -0.06 0.21 0.40 0.31 0.47 0.13 0.27

Coefficients in bold figures are significant at better than the 5% level - most are significant at better than the 0.1% level

Table 24 Moddl 1: Quantifying the effect of the psychological variables on speed ratio (S)

Explanatory Coefficient (t-value) Effect size

variables 5-95%

(reduced) M F Range M F
MSD - 12,5 0.0021 (2.1) 10-17 -0.5% to 0.9%
VIOLATE - 16.05 0.0062 (9.3) 10-23 -3.7% to 4.4%
STRESS - 5.68 -0.0022 (1.9) 4-9 0.4% to -0.7%
SENSAT - 848 0.0060 (4.2) 0.0021 (1.0) 7-12 -0.9% to 2.1% -
HAZARD - 11.46 -0.0047 (3.5) -0.0017 (1.0) 9-16 1.2% to -2.1% -

Coefficients in italics are not statistically significant at the 5% level.
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All these positive effects are rational and unsurprising.
Indeed, the violation scale depends heavily on the
infringement of speed limits - though the scaleis also
intended to encompass a willingness to break both formal
(legal) and informal traffic ‘rules’. It has already been
demonstrated that drivers are good at ng their own
relative speeds; since high speed drivers will be more
likely to score highly on the violation scale, a strong
positive correlation between violation score and speed is
not surprising. A willingnessto break rulesis also reflected
in the mild social deviance scale, and other studies (West
et al, 1992) have shown an association between deviance
as afeature of lifestyle in general and deviance (violations)
in the driving context. Finally, it is not surprising that
sensation seeking - driving (at speed) to impress their
friends or for fun - is afeature of male driver behaviour
and is associated with violations, mild social deviance and
higher speeds.

Two of the psychological variables - stress and hazard
involvement - have negative coefficients, implying that
increases in these scores are associated with lower relative
speeds. The hazard score has a 5-95%ile range of over 3%
whilst that associated with stressisjust over 1%. The latter
seems to be areasonable causa association, in that drivers
who find driving stressful drive more slowly. The hazard
result is more difficult to interpret. The implication is that
drivers who report a higher likelihood of involvement in
hazardous incidents drive more slowly. This may be due to
the fact that ‘ hazardous' drivers recognise their lack of
skill and drive more slowly as aresponse to a higher
perceived risk - i.e. they are more cautious drivers.
Alternatively, the association between speed and hazard
involvement may arise as aresult of both effects being
consequences of some undefined aspect of driving
confidence or ability.

It isworth noting that the three psychological variables
which are not significantly associated with relative speed
once the other variable have been included are decision
making style, intolerance and the driving style scale. In the

absence of the other psychological variables, both
intolerance and driving style (which includes an
intolerance sub-scale) are strongly related to speed.
However, in the model of Table 24, the qualities measured
by these scales have clearly been subsumed by the other
psychological variables. Decision making styleis not
related to speed at al.

The upper part of Table 25 below shows a modd for the
speed ratio S which potentially includes both age and
annual mileage in addition to the psychological variables.
In fact, the annual mileage term proved not to be
statistically significant once the psychological variables
had been included. The correlation matrix of Table 23
showed that mileage is positively correlated with the
psychological variables - particularly with the violation
score - and it would appear that the violation term has
absorbed all the variation in speed data which was
associated with annual mileage in the model of Table 21
(the age, annua mileage, and sex model). Again the causal
pathway is unclear: do high mileage drivers drive faster
because of the need to cover large distancesin as short a
time as possible, or isit rather that the kind of driver who
takes ajob which requires high annual mileages (and
driving large company cars) has the individual
characteristics which are measured by the psychological
scales used in this study?

Table 25 shows that the age effect is still very dominant
-infactitisonly dightly smaller than that shown in Table
21 in the absence of the psychological variables. The mild
social deviance score ceases to be statistically significant,
and the effects of all the other psychological scales, with
the exception of stress, have been reduced in magnitude
but not in sign. Violation score remains the largest of the
psychological variables, and provides a sizeable additional
contribution to explaining the variation in relative speed,
having a 5-95%ile range of about 6%. Sensation seeking is
still significant for male drivers only, though the age
correction has slightly increased the size of the female
component of sensation seeking to the point whereit is,

Table 25 Model 2: Quantifying the effect of age and the psychological variables on speed ratio (S) and including the

effect of engine size, passengersand jour ney type

Coefficient (t-value) Effect size

Explanatory variables 5-95%
(reduced) M F range M F
AGE - 45.24 -0.0019 (12.3) 23-71 4.3% to -4.8%
VIOLATE - 16.05 0.0046 (7.1) 10-23 -2.7% to 3.2%
STRESS - 5.68 -0.0037 (3.2) 4-9 0.6% to -1.2%
SENSAT - 8.48 0.0037 (2.7) 0.0026 (1.3) 7-12 -0.5% to 1.3% -
HAZARD - 11.46 -0.0031 (2.3) -0.0009 (0.5) 9-16 0.8% to -1.4% -
Where appropriate add:
Engine capacity: <1000cc -0.044 (2.9) -4.3%

1000-1499cc -0.031 (2.4) -3.1%

1500-1999cc -0.014 (1.2) -1.4%

>2000cc -0.004 (0.3 -0.4%

Carrying passengers? -0.019 (4.1) -1.9%
Journey to/from work? 0.021 (3.9) 2.1%
Sex female? 0.014 (3.3 1.4%

Coefficients in italics are not statistically significant at the 5% level.
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strictly speaking, not significantly different from that of
the male drivers. Hazard involvement is still only
significant for male drivers.

The coefficient of driving stress has actually been
increased by the inclusion of the age term. The correlation
matrix (Table 23) showed that older drivers report less
stress than younger drivers. This may be an experience
effect - experienced drivers being more confident drivers -
or it may be an effect associated with a reduction of the
pressures of travel, especially business journeys, for the
older drivers. Either way, correcting for age in the model
has had the effect of emphasising the fact that drivers who
experience driving stress - who feel tense or afraid when
driving - drive more slowly than others.

The model shown in the upper section of Table 25 has
reduced the residual sum of sguares (once siteto site
variation has been removed) from theinitia value of 83.3
to 76.0 - areduction of 8.8%. Thus the addition of age to
the model of Table 24 has produced an additional
reduction of 2.4% in the residual sums of squares.

The lower section of Table 25 shows that for prediction
of speed ratio, the model in the upper part of the table
benefits from the addition of three other significant terms -
engine size, whether the driver is carrying a passenger or
not, and a distinction between journeys to or from work
and other journeys. A small positive adjustment to the
mean is required for women drivers to compensate for the
negative shift introduced by the engine capacity terms
combined with the tendency for the drivers of the smaller
carsto be female. Table 22 has already shown that these
three additional variables have a significant effect on speed
once age and mileage have been allowed for. The analysis
shows however, that these variables do not interact with
any of the psychological variables included in the model of
Table 25, and can therefore be introduced into the model
without affecting any of the other coefficients. A
comparison of the effect sizesin Tables 25 and 22 shows
that the engine size terms are almost identical, and that the
effect of passengers and journey purpose are slightly
smaller. The addition of these variables has reduced the
residual sums of squares by afurther 2%.

V ehicle ownership (company or private car),
occupational group and the three variables concerned with
motoring offences (warned by the police, prosecuted, or
penalty points) do not significantly improve the model
once the variables shown in Table 25 have been included.

The following section will attempt to illustrate the
effects of age and the psychological variables on speed
choice by presenting three kinds of analysis based on the
speed groups.

3.6 Analysisof driversin the speed groups

3.6.1 Introduction

As described earlier, the questionnaire respondents were
sampled in five speed bands - the lowest and highest
15%ile bands and three intermediate bands - on the basis
of their observed speeds. Because only 15% of driversin
the central band were included in the sample, and because
of differential response rates between the bands (faster

drivers not responding as well as slower drivers), the
overall percentage of driversin the five bands ranges from
18% for the fastest band to 23% for the slowest.

Previous tables showed how the proportions of driversin
the five bands vary with age, sex, and annual mileage, and
indicated that, in addition to the demographic variables,
psychological variables aso influence the characteristics of
driversin the speed bands. So identifying the variables
which determine the kinds of driversin the five speed bands
- particularly the upper and lower ones - should complement
the regression approach reported in Section 3.5.

This section describes three type of analyses based on
speed bands - discriminant function analysis, CHAID analysis
and logistic regression - al of which aim to reveal more about
the characteristics of the driversin the speed bands.

3.6.2 Discriminant function analysis

Discriminant function analysis generates a linear function
of ‘explanatory variables (the discriminant function)
which, for adefined set of categories (groups) within the
data, best discriminates between them. It does this by
maximising the between groups sums of squaresin relation
to the within group sums of squares. The techniqueis
intended for use in classifying data: once the function has
been determined on the basis of existing data, the value of
the discriminant function for a new data point enablesit to
be classified into one or other of the categories from which
the original function was derived. To be effective, this
process requires that there should not be too much overlap
between the bands to be used for classification. In the case
of the speed data, thereisagreat deal of variation in the
raw data which is unrelated to speed group, so that the
within group variation is large compared to the between
group variation. It follows that as a system of classifying
driversinto the five speed bands, discriminant function
analysisis not particularly effective. Nevertheless, since
the termsin the resulting function are selected as those
which best discriminate between (in our case) driversin
the five speed bands, they provide a useful indication of
those variables that are important for distinguishing drivers
by speed group.

Table 26 shows the results of two stepwise discriminant
function analyses based on the five speed groups. Clearly,
what the procedure selects as a discriminating variable
depends on the potential list of variables offered to it. In
line with the approach used in the multiple regression the
upper part of the table shows the four variables accepted
by the analysis from alist consisting of age and the eight
psychological variables. The lower part of thetableisa
similar analysis based on a complete list of potential
discriminating variables, except those relating to motoring
offences. The statistic used to indicate the significance of
each term is the F-ratio calculated for each term prior to
entry. A term is entered into the function if an F-value of
3.84 isachieved (the 5% vauefor F . ).

Table 26 in the main confirms the results obtained using
linear regression. The only variable predicting speed in the
linear regression which does not feature in the discriminant
analysisis hazard perception, which in the regression was
significant for men but not for women. Sex is not a
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Table 26 Discriminant function analysis based on the
five speed groups

Variable F to enter Sandardised coefficients

Age and psychological variables only (4730 drivers)

Age 88.8 -0.72
Violations 25.0 0.42
Stress 6.0 -0.18
Sensation seeking 5.8 0.16
All variables (4516 drivers)

Age 88.2 -0.64
Violations 24.8 0.38
Passengers 134 0.31
Engine capacity 9.8 0.27
Stress 4.6 -0.18
Sensation seeking 4.2 0.10
Sex 4.0 -0.13

significant discriminator when only the psychological
variables are entered (upper part of Table 26), though it
becomes significant when the other variables available for
inclusion in the analysis are used (lower part of Table 26),
and this again mirrors the regression analysis.

For five speed groups there are potentially four
discriminant functions. Fortunately, only the first is
important. The final column of the table above headed
‘standardised coefficients' are the coefficients of the first
linear discriminant function; the first functions of the two
analyses shown both explain about 94% of the between
groups sums of sguares, the other three functions
explaining the remainder in each case. The standardised
coefficients provide an indication of the relative
importance of each variable in contributing to the value of
the discriminant function for each driver. It will be seen
that, with the exception of the hazard term, the coefficients
in the upper section of Table 26 have the same signs
relative to one another as the coefficientsin Table 25 and
their relative magnitude is very similar to the ‘ effect sizes
in that table. The overall ‘eigen values for the first
discriminant function (the ratio of the between groupsto
within groups sums of sgquares) for the two analyses are
0.10 and 0.13 respectively, confirming that thereisa
comparatively large element of within group variation
compared to between group variation in this data set
arising from the variability of the raw speed observations.

3.6.3 CHAID analysis

CHAID is astatistical algorithm designed to divide a set
of cases (such as drivers) into mutually exclusive
groups, each of which differs from the others with
respect to a specific parameter or variable. CHAID
stands for ‘ CHi-squared Automatic Interaction Detector’
and the procedure builds a hierarchical tree structure which
isuseful for visualising interactions in complex data sets.
The programme uses only categorical (grouped) data, so
that in the present case, the variables of interest - age and
the psychological scales - have been grouped.

The process requires a dependent variable - in this case,
the numbers of driversin each of the five speed bands -
and alist of predictor variables which are used in building
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the tree structure. In the present study, age and the eight
psychological variables grouped into categories have been
used as predictor variables. The process first selects the
single variable which best discriminates between the
categories of the dependent variable, judged by fitting a
log-linear model of between group frequencies. The
process then moves to the second level of the tree, and for
each sub-group defined at level 1, the process is repeated
searching for the variable which best discriminates
between the drivers in the sub-group at level 2. Thisis
repeated for all sub-groups and for al levels until no
further splitting of the population is possible or until user
imposed constraints on the process are reached. At all
stagesif distinctions between the groups of the predictor
variables cannot be justified, groups are combined.

There are of course many different tree structures that
could be generated by this process depending on the
predictor variables which are available for use and the way
that they are grouped initially. Moreover, the process
depends to some extent on the way the grouping and
splitting algorithm in CHAID operates. In particular, the
tests of significance CHAID applies depend on whether the
dependent variable (speed group in our case) is treated as
nominal or ordinal. Figure 2 shows an ‘ordinal’ CHAID
tree for the datafile consisting of 4162 driver responses
with no missing data for age or any of the eight
psychological variables. Shown in each ‘cell’ of the tree of
Figure 2 are the percentages of driversin speed bands 1 to
5 (as before band 1 are the faster drivers and band 5 the
slower drivers), and the number of driversin each cell.

It will be seen that the first split is made on the basis of
age, and that two of the age groups (40-49 and 50-59) have
been combined. As expected, the diagram illustratesin
terms of average speeds and percentages in the speed bands,
the fact revealed by the regression and discriminant function
analyses, that older drivers drive more slowly than younger
drivers. In the youngest age group (17-29), 28.3% of drivers
arein the fastest speed band and 14.2% in the Slowest.
Moving across the diagram from younger to older drivers,
the speeds systematically fall and the proportionsin the
speed bands change accordingly. For the oldest group for
example, the proportion of driversin the fastest band isonly
8.4% and that in the lowest band 36.8%.

For the youngest age group, the next split has been
made on the basis of the stress scale - though the original
five groups of this variable have been combined into only
two. The group reporting lower driving stress drive faster
(29.9% in the fastest band) and there are sufficient
numbers of driversin this group to justify afurther split by
sensation seeking; drivers scoring higher on the sensation
seeking scale drive faster (33.0% in band 1). For the other
age groups, the second level split is made on the basis of
violation score, though the original seven groups have
been combined in various ways. As has been already
noted, violation scoreis strongly associated with speed -
high violation scores corresponding with high speeds, and
thus high proportions of driversin band 1 and low
proportions in band 5. The differences are considerable:
38% of high violation drivers (group 7) in the 30-39 age
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Figure 2 CHAID tree diagram showing the percentages of driversin the speed bands




group arein band 1 (fast) compared with only 3.5% of over
60 year old drivers with low violation scores (group 1).

Where there are sufficient numbers of driversin the cells
formed at the second level of the hierarchy in Figure 2,
CHAID has used the stress variable to split these groups
further. Asin the case of the younger drivers and as
expected from the multivariate analysis, low stress scores
correspond to higher speeds and a higher proportion of
driversin the highest speed band.

It has been previously observed that many different
CHAID trees can be constructed, especialy if variables
such as whether a passenger is carried or not and engine
Size are used as predictor variables. However, the analysis
presented here has been confined to the key psychological
variables (violations, stress and sensation seeking) within
age group, with the aim of demonstrating the effect of
these key variables in terms of the mean speeds and the
proportions of driversin the two extreme speed bands.

3.6.4 The probability of being in the fastest or slowest
speed group
It isclear from the CHAID analysis that the proportions of
driversin the speed groups - particularly the extreme speed
groups - are sensitive indicators of drivers' speed choice.
This suggested an alternative approach based on the
logistic model. Logistic modelling is aregression
technique which uses as its dependent variable the binary
variable relating to whether or not an event occurs - in our
case whether or not adriver featuresin one of the extreme
speed bands. From this data, the regression estimates how
the probability of the event occurring depends on other
explanatory or predictor variables. The explanatory
variables form alinear equation from which the log-odds
of the event occurring can be predicted. Thus,

Z (thelog odds) = b +b,x,+b X, ....

where the X’ s are the significant predictor variables and the
b's are the coefficients to be estimated (including a
constant term), and,

P=¢/(1+¢€) or U(1+e?)

where P is the probability of the event occurring - in our
case the probability of the driver being in one of the
extreme speed groups.

In the present case, two equations have been estimated -
one for driversin the highest speed group and the other for
driversin the lowest speed group. In order to estimate these
regression equations, two new dependent variables were
constructed: ‘ HISPEED’ which takes the value 1 if adriver
isin speed band 1 and O if not, and ‘LOSPEED’ which takes
thevalue 1if adriver isin speed band 5 and O if not.

Using HISPEED and LOSPEED as the dependent
variables, the forward stepwise selection procedure available
in SPSSfor logistic regression was used to estimate how the
probability of adriver’s being in the two extreme speed
groups depends on the variables obtained in the survey. As
in the case of linear regression, the regression process was
carried out in two stages. In thefirst stage, the only variables
offered as explanatory variables were age, sex and the eight
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psychological variables. In the second stage, the other
variables were allowed to enter should they prove to be
statistically significant.

Thefirst regression model for driversin the high speed
band is shown in Table 27. Theterms are largely as
expected. Age and stress have negative coefficients
indicating that older drivers and drivers who experience
stress when driving are less likely to be found in the high
speed band. By contrast drivers who score highly on either
the violation scale of the sensation seeking scale are more
likely to feature in the high speed band. Men and women do
not differ in the probability of their being in the high speed
band. The surprise variable is the intolerance score - and its
sign. It was pointed out in connection with the regression
model for mean speed that the intolerance score was
positively associated with mean speed, provided the other
psychological terms - particularly violation score - were not
also included in the model. Here however intolerance enters
as ahegative effect - the higher the intolerance score the less
likely the driver isto bein the highest speed band. Thereis
no obvious explanation for this effect, and it is possibly an
artifact of the data or the model.

Table 27 Logistic regression model for driversin the
high speed band (Band 1)

Coefficient 5-95%ile  Probability
Variable 2 t-value range range
Constant -1.115
AGE -0.029 8.8 23-71 0.30-0.10
VIOLATE 0.085 6.8 10-23 0.12-0.29
SENSAT 0.058 2.6 7-12 0.17-0.21
INTOL -0.055 34 7-17 0.22-0.14
STRESS -0.075 3.1 4-9 0.20-0.15

Thefina two columns of Table 27 - asin the case of the
linear regressions given earlier - provide an indication of the
size of the effect over the 5-95%ile range of the respective
variables. For example, the probability that a 23 year old
driver (the 5th %ile point of the age distribution) would bein
the high speed band - al other termsin the equation being set
at their mean values - would be 0.3. The corresponding
probability for a71 year old driver (the 95th %ile point of the
age digtribution) would be 0.1. It will be seen that age and
violation score have similar 5-95%ile ranges, whereasthe
effect szes of the other variables are rather smaller. Of
course, taking variables in combination would produce
considerably greater effect sizes than those shown in the table
for individua variables. For example, the probability that a
young driver with high violation and sensation seeking scores
would appear in the high band would be about 0.48; the
corresponding value for an older drivers with low violation
and sensation seeking score would be 0.06.

In the second stage of the analysis for driversin the high
speed band, two other variables entered in addition to
those given in Table 27 - engine capacity and whether the
driver was carrying a passenger or not. As expected, the
analysis showed that driversin large cars are more likely
to feature in the highest speed band, whilst drivers carrying
passengers are less likely to be in this band.



Table 28 shows the equivalent STAGE 1 model for
driversin the lowest speed band - which because of the
symmetry of the speed distributions, isto alarge extent a
mirror image of Table 27.

Table 28 Logistic regression model for driversin the

lowest speed band

Coefficient 5-95%ile  Probability
Variable 2 t-value range range
Constant -1.494
AGE 0.021 7.3 23-71 0.16-0.33
VIOLATE -0.071 6.4 10-23 0.31-0.15
SEX -0.219 2.6 1-M;2-F 0.23-0.27
STRESS 0.049 25 4-9 0.21-0.26

In the lowest speed band age and stress are positive
terms, indicating that older drivers and drivers feeling
more stress when driving are more likely to appear in this
band, whilst violation score is a negative effect - high
violators are less likely to bein the lowest speed band. In
this case, sex was a significant term. Since the sex termis
coded 1 for men and 2 for women, this negative coefficient
means that male drivers are more likely than women to
feature in the lowest speed band. This somewhat surprising
result arises from the fact that the spread of speeds among
male driversis somewhat higher than it isamong female
drivers. The size of the effects of age, violations and stress
in Table 28 for the low speed band are only dightly
smaller than they are in Table 27 for the high speed band -
emphasising the fundamentally symmetrical nature of the
speed distribution for free flowing vehicles.

Once again, the second stage of the analysis showed that
drivers of carswith large engine sizes arelesslikely to bein
the lowest speed band, whilst drivers carrying passengers
would be more likely to be found in the lowest speed band.

3.7 Accident analysis

3.7.1 Introduction

In the questionnaire survey, drivers were asked to report
the number of accidents of all kinds in which they have
been involved in the previous three years, or (if new
drivers) for aslong as they had been driving. Most of these
accidents were damage only. This section examines the
relationship between all reported accidents and the range
of psychological and demographic variables collected in

the study, and attempts to determine how these accidents
arerelated to driver speed choice.

3.7.2 Accident tabulations

A total of 1239 accidents were reported from all drivers,
whether or not they had been driving for more than three
years. Table 29 shows that the majority of these accidents
involved another vehicle, either moving or stationary. On
average just over 13% of these accidentsinvolved injury.

Table 29 Number and types of accident

All accidents

Objects involved other than

the driver’s own car Numbers %
Moving vehicle 841 72
Stationary vehicle 220 19
Parked vehicle 41 35
Pedestrian 10 1
Cyclist/motorcyclist 29 25
Road furniture (bollards, signposts etc) 98 8.5

Previous studies have shown that there is a progressive
memory loss effect for accidents over time, and that to
avoid distortion in carrying out accident analyses, it is
essential to use acommon period for al subjects. In the
present case, for those analyses (and tables) involving
accident frequencies, drivers with less than three full years
of driving have been omitted. Accordingly, Table 30
shows the average accident frequencies for only those
drivers with three years or more experience by age group
for male and female drivers and for all drivers combined.
The table shows the expected fall in accident frequencies
with increasing age.

Table 31 shows how accident frequencies are related to
annual mileage for men and women drivers respectively and
for both together. Asin the case of other studies of thiskind,
it will be seen that accident frequencies do not increasein
proportion to annua mileage; between the lowest and the
highest mileage groups, athough annual mileage has
increased more than eight-fold (from an average of 3,400 to
28,400 in the two groups), accident frequency has increased
by between afactor of 2 and 3 only.

Table 32 shows the average accident frequencies of
driversin the five speed bands - uncorrected for either the
effects of age or annual mileage. It will be seen that the
faster drivers are involved in more accidents than the

Table 30 Accident frequencies by age and sex for driverswith morethan threeyearsdriving experience

Males Females Both
Accident Accident Accident

Age group frequency Number frequency Number freguency Number
Accident frequency over past 3 years

17 - 29 years 0.395 294 0.378 302 0.385 597
30 - 39 years 0.324 478 0.262 696 0.287 1174
40 - 49 years 0.220 531 0.179 649 0.198 1180
50 - 59 years 0.193 487 0.164 372 0.180 861
60 + years 0.159 817 0.070 242 0.139 1060
All ages 0.235 2607 0.217 2261 0.226 4872
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Table 31 Accident frequencies by annual mileage and sex for driverswith morethan three yearsdriving experience

Females Both
Annual
mileage Accident Accident Accident
group frequency Number frequency Number frequency Number
Accident frequency over past 3 years
1,000 - 5,000 0.131 291 0.160 743 0.152 1034
5,001 - 10,000 0.177 730 0.204 876 0.192 1608
10,001 - 15,000 0.232 713 0.288 361 0.251 1076
Over 15,000 0.323 860 0.316 174 0.321 1036
All mileages 0.236 2594 0.212 2154 0.225 4754

Table 32 Accident frequencies by speed band and sex for driverswith morethan threeyearsdriving experience

Females Both
Accident Accident Accident

Speed band frequency Number frequency Number frequency Number
Accident frequency over past 3 years

Band 1 (fast) 0.275 476 0.271 376 0.273 854
Band 2 0.243 465 0.244 479 0.243 945
Band 3 0.252 476 0.220 463 0.236 941
Band 4 0.250 536 0.163 447 0.210 984
Band 5 (slow) 0.179 661 0.195 503 0.187 1164
All bands 0.236 2614 0.217 2268 0.227 4888

slower drivers. However this effect may well be due to the
fact that driversin the faster speed bands are on average
younger and drive higher mileages than those in the slower
speed bands. Multivariate analysisis needed to assess
whether these effects are still present when other
covariables are taken into account.

3.7.3 Accident models
3.7.3.1 Introduction
In the following analysis amultivariate regression technique
will be used to explore the relationship between accident
frequency (the number of accidents reported in athree year
period) and arange of explanatory variables. Since accident
frequency approximates to a Poisson variable, Generalised
Linear Modelling has been used, though some adjustment to
the statistical assessment of the significance of terms
included in the regression has been made to allow for some
over-dispersion in the actua error distributions.

The form of the modél fitted to the accident datais:

A =k M*®exp[b,Age+ b (/Experience)) + Zbp] (3)
where:

A isthe expected number of accidents reported in three
years (the individual driver’s accident liability); no
corrections have been made for accidents that may have
been forgotten,

M isthe annual mileage, and a an exponent to be
determined,

Age is the respondent’ s age at the mid-point of the
accident period, and Experienceisthe number of years
the respondent has held afull driving licence; b, and b,
are the coefficients to be determined. Because age and
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experience are usualy quite highly correlated, thereis
always some trade off between the form of the age and
experience termsin accident liability models, and often
it is not possible to include both. However, in the
present case, both terms were statistically useful, though
asimple exponential for age combined with amore
rapidly falling reciprocal function for experience was
found to give the best fit to the data.

p, represents the range of other variablesfitted in the
model - in particular the psychological variables - and
the b’ s are the coefficients to be determined,

k isthe constant.

Other studies of driver accident liability (Maycock et al.,
1991) have shown that road type effects are small. In the
present survey, drivers were not asked to estimate the
proportion of time they spent driving on different types of
road and thus road type terms were not available for
inclusion in the model. Asin the case of speed, sex
differences could not be statistically justified asamain
term in the model. Sex interaction terms are noted when
they prove to be statistically significant.

3.7.3.2 Mode! results

The accident models were fitted using the same 3-stage
strategy as was used for the analysis of the speed data.
First amodel was fitted using the eight psychological
variables only. This model provides an indication of the
maximum variation in the accident data which could be
attributed to these variables. In the second stage of the
analysis, age, experience and annual mileage are added to
the model. The final stage of the analysis explores the
effects of the variableslisted in Table 22 - vehicle



ownership, journey purpose, engine capacity etc, on
accidents once age, experience, mileage and the
psychological variables have been taken into account.

Table 33 shows the results of the first stage model -
using psychological variables only. The model has been
fitted to 4058 drivers for whom there was no missing data
for any of the variables included. Between them, the
drivers had been involved in 923 accidents. It will be seen
from Table 33 that five of the psychological variables
contribute to ‘explaining’ the variation in accident liability
reported by the driversin the survey. Violation and hazard
involvement scores contribute to accident prediction as
they did to speed prediction. Drivers with a high violation
score drive at higher speeds and are involved in more
accidents. The size of the effect can be judged from the
column headed ‘ effect size’ in the table. This column
indicates the 5th %ile to 95th %ile range of the effect of
the variables taken in isolation from the rest. For example,
in the case of violation score, a 5th %ile driver (score 10)
has an accident liability (all other scores being set at their
mean values) which is 21% lower (the minus sign) than the
average driver; the 95th %ile driver (violation score 23)
has a liability which is 31% higher than the average driver.

In the case of hazard involvement score, a driver scoring
highly on this scale drives rather more slowly than other
drivers, but as Table 33 shows, despite this, isinvolved in
more accidents. The effect size is somewhat smaller than
that of the violation score.

The other three psychological variablesin Table 33 did
not appear earlier as significant predictors of speeds.
Driving style is however, a strong predictor of accidents,

with drivers who consider themselvesto be attentive,
careful, placid, patient, safe and tolerant, having 27%
fewer accident than the average driver, whilst those at the
opposite end of this scale areinvolved in 37% more. Mild
socia deviance appears to be significant as a predictor of
accident liability for female drivers only, whilst decision
making styleis significant for male drivers only; both have
the same sense, with higher scores being associated with
higher accident liabilities. There is no obvious explanation
for these sex differences.

Table 34 shows the stage 2 model when age, experience
and annual mileage are added.

A consideration of Table 34 shows that age, mileage and
driving experience are all strongly significant when
entered in the functional form shown in equation (3). All
arerelatively large effects, as seenin the * effect size
column. Note that whereas the ssmple exponential terms
tend to be reasonably symmetrical about the average, the
power function used for mileage and the reciprocal
function used for experience are asymmetrical. Both these
functions are sharply non-linear. In both cases (though the
sense of the effects is opposite) increasing mileage or the
number of years of driving experience, has a much smaller
effect on accident liability than decreasing mileage or the
driving experience.

The effect of including age, experience, and mileage
into the equation has halved the size of the violation term
to the point where it is not significant at the 5% level. Mild
socia deviance (which is quite strongly correlated with
violation score) has also been reduced considerably,
though it still makes a significant contribution for female

Table 33 Accident model using the eight psychological variables only

Coefficient (t-value) Effect size
5-95%

Explanatory variables M F range M F
Constant 0.0118
VIOLATE 0.039 (4.0) 10-23 -21% to +31%
HAZARD 0.035 (2.4) 9-16 -18% to +17%
STYLE 0.039 (5.0 6-22 -27% to +37%
MSD 0.019 (1.2 0.079 (4.8) 10-17 - -18% to +43%
DECISION 0.056 (3.9) 0.017 (1.2) 14-23 -24% to +25% -
Coefficients in italics are not statistically significant at the 5% level.
Table 34 Accident model including age, mileage and the psychological variables (Equation 3)

Coefficient (t-value) Effect size

5-95%

Explanatory terms M F range M F
Constant k 0.0054
Age (Midpoint) b, -0.013 (3.5) 23-71 +33% to -29%
Mileage (M) o 0.212 (4.1) 2K-33K -58% to +23%
(UExperience) b, 1.73 (2.7) 4-47 +44% to -3%
VIOLATE 0.0173 (1.7) 10-23 -8% to +13%
HAZARD 0.047 (3.1) 9-16 -11% to +24%
STYLE 0.030 (3.9) 6-22 -21% to +27%
MSD -0.01 (0.6) 0.053 (3.1) 10-17 - -12% to +27%
DECISION 0.054 (3.8) 0.013 (0.9) 14-23 -24% to +24% -

Coefficients in italics are not statistically significant at the 5% level
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drivers. However, driving style and decision making style
have been affected only slightly, and the hazard
involvement term has actually increased in size.

Stage 3 of the analysis consisted of adding the variables
listed in Table 22 to the accident model shown in Table 34
to see whether the groups of drivers defined by these
variables had significantly different accident liabilities.
None of the following variables proved to be significant
discriminators: vehicle ownership, journey purpose, engine
capacity, whether the driver was carrying a passenger,
occupational group, or the number of penalty points.
However, drivers who had been warned by the police had
an accident liability which was 18% higher than other
drivers, and those who had been prosecuted by the police
had an accident liability which was 28% higher.

3.7.4 Speed and accidents
On the basis of the full data set, Table 24 showed that the
accident frequencies of driversin the five speed bands
varies systematically, such that the band 5 (slow) drivers
have low accident frequencies and the band 1 (fast) drivers
have high accident frequencies. The frequencies given in
Table 32 were however uncorrected for differencein age,
experience and mileage between the five speed groups.
Table 35 shows for the data sub-set used in generating the
model shown in Table 34 (i.e. 4058 drivers), the average
accident frequencies for the five speed groups under three
conditions. column 2 shows the uncorrected averages for
this sample of drivers, column 3 gives the averages adjusted
to the mean age, experience and mileage of the sampleasa
whole, and column 4 give the average values adjusted for al
the variables given in the model of Table 34.

Table 35 Aver age speeds (unadj usted and adjusted) of
driversin thefive speed bands

Accident freguencies (accidents per 3 years)

Adjusted for age, Adjusted for
Speed experience and the model
band Unadjusted annual mileage of Table 34
5 (Slow) 0.175 0.189 0.185
4 0.211 0.226 0.219
3 0.250 0.239 0.230
2 0.231 0.206 0.194
1 (Fast) 0.285 0.238 0.223

Table 35 shows that the difference in unadjusted
accident frequencies between band 1 and band 5 drivers
(0.11 accidents per three years), has been reduced to 0.048
when the accident frequencies have been adjusted for age,
experience and annual mileage, and to 0.038 when the full
model of Table 34 has been used to make adjustments.
Thus a considerable part - but not all - of the variation in
accident freguency between the five speed bands can be
attributed to the differences in the characteristics of the
driversin each band.

Another way of looking at basically the same interaction
between accidents, speed and the common variables such
as age and annual mileage which influence both, isto use
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the predicted speed ratio from the speed model as an
‘explanatory’ variable in the accident model. This has been
done by applying the full speed model represented by
Table 25 to the accident data set used in the accident
model of Table 34. For this purpose the small proportion
of missing data for the variables in the lower half of Table
25 were substituted as follows: engine capacity set to
category 2 (1000-1499cc), passengers set to 2 (not
carrying a passenger) and journey to work was set to 2
(other). Two equally good equations were generated
relating accidents to predicted speed:

A =0.215 S8 and A=9.9 10° 7S 4

Itisclear that because the range of the speed ratio Sis quite
small, the functional form of the accident-speed relation is not
critical. The exponentsin both these equations are massively
significant (t-value of 10 or more) and both explain alarge
part of the variation in accident frequencies. However, even
when all the variation in accident frequenciesthat can be
‘explained’ by the speed ratio has been removed by fitting
equation (4), thereis still asignificant amount of residual
variation which can be attributed to differencesin driving
experience and annual mileage - but not age effects which
appear to have been accounted for by equation (4). The
exponentia form of equation (4) lends itsalf readily to
estimating aelagticity of accident frequenciesin relation to
speed. Differentiating with respect to speed and remembering
that SSVIV__ gives.

LayR Y
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Thisimpliesthat a 1% change in an individual driver's
choice of speed (as predicted from the speed model) is
associated with a 7.75% change in that individual’ s accident
liability. Such an elasticity isfar higher than that usually
associated with mean speed changes and accident changes
on a specific section of road. The usual figure quoted is that
a1 mph changein mean speed resultsin 5% changein
accidents - an effect size probably corresponding to an
eagticity of between 1 and 2. Of course, the fact that thereis
astrong ‘ cross-sectional’” association between speed and
accidents does not necessarily imply a causal link between
the two, and it cannot be assumed that reductions in speed
by particular drivers (a“within driver’ effect) will
necessarily result in accident reductions of asize predicted
by this association. It seems more likely that the association
arises from the fact that both speed and accidents are related
in similar waysto the same variables - particularly age,
experience and annual mileage. Further structural modelling
of the data might help to illuminate this critical issue.

4 Summary and conclusions

4.1 Introduction

The speed at which drivers choose to driveisacrucialy
important aspect of their behaviour on the road, and also
plays amajor rolein the frequency and severity of
accidents. This project has used on-road observation of
speeds followed by a postal questionnaire survey to



explore associations between the characteristics of
individual drivers and their driving speeds. A follow-up
phase will investigate the speed choice behaviour of a sub-
sample of these driversin more detail by using laboratory
tests and drives around a test route.

Before summarising the findings, it is appropriate to
draw attention to the fact that the drivers in this study do
not represent a‘random’ sample of UK drivers. Because
the study was of speed choice, only drivers with more than
athree second headway between themselves and the car in
front were sampled; moreover, to maximise the number of
free flowing vehicles in the traffic stream, the speed
surveys were carried out mainly during off-peak periods.
Within the free flow distribution thus sampled, drivers
were differentially selected within five speed bands - all
driversin the upper and lower 15%ile bands and in the
upper and lower 15 - 30%ile bands were included in the
study, whereas drivers in the 40%ile range about the mean
speed were sampled to give approximately the same
numbers of driversin this band as in the other four 15%ile
bands. To facilitate the reading and recording of number
plates, the surveys were only carried out in daylight.

The sample of sites used in the study excluded higher
speed roads (such as motorways), and because some
drivers were to beinvited to take part in experimental
studies, the sites were local to the Transport Research
Laboratory. Differences in weather conditions were not
part of the experimental design, so the effects of weather
on speed could not be evaluated during the analysis
independently of the permanent geometric and design
features of the sites.

A further non-random element is introduced into the
sampling through the use of a postal questionnaire to
collect personal data, since thistechnique will inevitably
introduce some bias arising from the self-selecting nature
of the respondents who completed and returned the
guestionnaires. Nevertheless, despite these limitations, the
sample obtained represents a significant section of the
driving public. The age distribution of the drivers ranged
from 17 to 89 years, and annual mileages from afew
hundred to over 100,000 miles per year. 53% of the drivers
were male and 47% were female - amuch higher
proportion of women than would be obtained in arandom
sample of drivers on the roads.

4.2 Driver speeds

The results of this study show that there are a variety of
interacting factors which determine an individual driver's
choice of speed. These factors are likely to vary from time
to time and from trip to trip depending on arange of
persona and trip related factors. The fact that in this study
only one speed measurement was made for one driver at one
point in asingle trip means that many of the subtleties of
speed choice will belost. Asaresult this survey will only be
able to identify the broad correlates of speed choice.

The analysis has shown that in relation to the sample of
drivers obtained for this study, the faster drivers tend to be
younger rather than older, driving high annual mileagesin
large cars; they also tend to be travelling alone to or from
work. In terms of their own reported driving behaviour,

they reflect their tendency to fast driving by scoring highly
on the violation scale, and there are al so indications that
sensation seeking is an element in the choice of high
driving speeds for male drivers. By contrast, drivers who
find driving stressful or who tend to become over-involved
in hazardous situations tend to drive marginally slower.

The main results relating to the sources of speed variation
can be summarised as follows:

i HJteeffects. Thelargest influence on driver speed are the
dte characterigtics. The mean speedsfor the sitesin this
sample varied from 29 to 57 mph, and in al, 55% of the
variation in gpeed arises from these site to site differences.

Because of the dominance of the site to site variations,
there are no meaningful relationships between absolute
speeds and individual driver characteristics. In order to
detect associations between speed choice and individual
characteristicsit is essential to use relative speed as the
dependent variable. In the present case this was
achieved by using the ratio of the individua driver’s
speed to the geometric mean speed for the site at which
he or she was observed (S) as the dependent variable in
the analysis; for statistical reasons the equation fitted
related the natural logarithm of Sto aweighted sum of
the explanatory variables.

ii Driver effects. age, sex and exposure. Theregresson
andysisof individua driver speeds relativeto the site mean
speed (without other explanatory variables added), showed
that the variables which best predicted the speeds of drivers
(9ze of the effect in brackets) were age (11%) and annual
mileage (2.7%). Overal, the difference between the sexes
was not statistically significant, though in examining some
of the psychological variables interactions between some of
them (such as sensation seeking) and sex emerge from the
analyss. In the discriminant and logistic regression
approaches used, age remains avery strong predictor of
relative speed, wherees the rdlatively smdl effect of annual
mileage becomes non-significant when other variables are
included in the modds.

Psychological variables. When the psychological
variables are used on their own to predict speed, the
largest positive association arises from the violation
scale (an 8% effect) - the more that drivers report
themselves as engaging in violations, the higher their
relative speed is predicted to be. Mild social deviance
(whichishighly correlated with violation score) is also
a positive speed predictor, and provides some additional
explanatory power (1.4% effect size), though social
deviance ceases to be significant when age and other
explanatory variables are added to the model. The
sensation seeking scaleis asignificant positive correlate
of speed for male drivers only.

The other two significant psychological variables proved
to be negatively associated with speed. The size of the
effect predicted by the stress scale was small (1.1%); it
suggested that drivers who find driving stressful drive
dightly slower than those who do not. In addition, male
driverswho are relatively frequently involved in
hazardous situations (the hazard scal€) drive rather more
slowly than those who do not experience frequent
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involvement in hazards - though thisis not an effect
which reaches statistical significance for women drivers.

Of these psychological measures, the violation, sensation
seeking and stress scales appear to be reasonably robust
in all the analyses attempted in this study. They featurein
the discriminant analysis as variables which significantly
distinguish between drivers in the five speed groups, and
feature strongly in the logistic regressions as predictors of
the probability that driverswill be found in the highest or
the lowest speed groups.

iv Other driver effects. Once age, annual mileage and trip
frequency effects had been allowed for, the following
driving conditions influenced speed (again, with the size
of the effect in relation to other drivers given in brackets):
driving to or from work (+3%), driving without a
passenger (+3%), driving alarge car (up to +4%),
occupational group (senior managers drive 1.4% faster
than junior managers or manual workers, and 2.8% faster
than housewives/house husbands or students).

Drivers who had been warned by the police or prosecuted
for amotoring offence drive some 3 to 3.5% faster than
those who have not. Drivers with 3-5 penalty points on
their licence drive 2.3% faster than drivers with lessthan
3 points on their licences, and those with 6 penalty points
or over drive 5.7% faster. These associations are unlikely
to be causal; more probably the faster drivers are more
likely to be the subject of enforcement action and asa
result incur more penalty points on their licences.

4.3 Accident frequencies

Drivers reported the number of accidentsin which they had
been involved in the last three years (or since they started
driving). The results are very much in line with those from
other recent accident studies. The main findings may be
summarised asfollows:

i Accident types. The majority of the accidents reported
by drivers were damage only; 13% involved injury. Of
the accidents reported, 72% involved another moving
vehicle, whilst afurther 19% involved a stationary
vehicle. It is characteristic of self-reported accidents
that relatively few involve pedestrians or cyclists, since
the majority of those that do are injury accidents.

ii Age and experience effects. Accident frequencies are
strongly dependent on age and driving experience.
Although in the earlier accident liability studies age and
driving experience were fitted using areciprocal
relation, in the present case, a simple negative
exponential proved to be an adequate descriptor of the
age effect. As expected, both age and experience are
very significant correlates of accident liability, with
liability falling by afactor of about 2.8 with increasing
age and experience.

iii Exposure effects. Accident frequenciesincrease with the
number of milestravelled each year. However, accident
frequency does not increase in proportion to annua mileage,
but tendsto ‘flatten off’ at high levels of exposure. Inthe
present data, accident liability was proportiona to annual
mileage raised to apower of just over 0.2. Again, thisresult
issimilar to that previoudy found.
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iv Psychological variables. Of the psychological variables
included in this study, hazard involvement, driving
style, and violation score related to accidents for both
male and female drivers. Driving style exerted the
largest effect, with drivers who classified themselves as
attentive, careful, placid, patient, safe, and tolerant
having 27% fewer accident than the average driver, and
those at the opposite end of this scale having 37% more
accidents. Drivers who report being involved in
relatively few hazardous situations have 18% fewer
accident than the average, whilst those whose
involvement in these incidents is near the upper end of
the scale have an accident liability which is 17% higher
than the average. Without the inclusion of age,
experience and annual mileage in the regression
equation, violation score is aso a strong predictor of
accidents; low violators are involved in 21% fewer
accidents than the average driver whilst high violators
areinvolved in 31% more accidents. However, when
the age, experience and annual mileage terms are added
to the model, the predictive power of violation score
(which is strongly correlated with age) is significantly
diminished, whereas the coefficients of the other
psychological variables remain reasonably robust.

Mild social deviance appearsto be significant asa
predictor of accident liability only for female drivers,
whilst decision making style is significant only for male
drivers. Both have the same sense - higher scores on
these scales are associated with higher accident
liabilities, and the size of the effectsis quite large. There
is no obvious explanation for these sex differences.

v Other determinants of accidents. The following variables
did not prove to be significant predictors of accidents:
vehicle ownership, journey purpose, engine capacity,
whether the driver was carrying a passenger,
occupational group, or the number of penalty paints.
However, drivers who had been warned by the police had
an accident liability which was 18% higher than drivers
who had not received awarning, and those who had been
prosecuted by the police had an accident liability which
was 28% higher than those who had not been prosecuted.

4.4 Speed and accidents

By using predicted speeds as an explanatory variablein the
model of accident involvement it is possible to obtain an
apparent relationship between speed and accidents. This
relationship suggested that a 1% change in an individual
driver’s choice of speed is associated with a7.75% changein
that individua’ s accident liability. This‘elagticity’ ismuch
greater than that observed between changesin mean speed
and accident change on a specific section of road (Finch et al.,
1994). Of course, the fact that there is an apparent strong

‘ cross-sectional’ association between speed and accidents
does not necessarily imply a causal link between the two, and
it cannot be assumed that reductionsin speed by particular
drivers (a‘within driver’ effect) will necessarily resultin
accident reductions of asize predicted by this association. It
seems more likely that the association arises from the fact that
both speed and accidents are related in similar waysto the
same variables - particularly age, experience and exposure.



5 Acknowledgements

The authors would like to thank the staff of TRL’s Visua
Media Centre who conducted speed surveys, and the Traffic
Survey Unit who analysed the many hours of video film
collected during the speed surveys. Also, this project would
not have been possible without the assistance of DVLA
(particularly Alison Jorgensen) who provided the names of
the registered keepers of the sampled vehicles, and, of course,
without the cooperation of all the survey respondents.

6 References

Carsten OM J, Tight M R, Southwell M T and Plows B
(1989). Urban accidents: why do they happen? Report of a
study on contributory factors in urban road traffic accidents.
AA Foundation for Road Safety Research, Basingstoke.

Corbett C and Simon F (1991). Unlawful driving
behaviour: a criminological perspective. Contractor Report
CR301. Transport Research Laboratory, Crowthorne.

DornlL, Glendon A I, HoyesT W, Matthews G, DavisD R
and Taylor R G (1992). Group differencesin driving
performance. In G B Grayson (Ed.) Behavioural Researchin
Road Safety 11. Transport Research Laboratory, Crowthorne.

EvansL and Wasielewski P (1982). Do accident-involved
drivers exhibit riskier everyday driving behaviour?
Accident Analysis and Prevention, 14, 57-64.

EvansL and Wasielewski P (1983). Risky driving related
to driver and vehicle characteristics. Accident Analysis
and Prevention, 15, 121-136.

Finch D J, Kompfner P, Lockwood C R and Maycock G
(1994). Speed, speed limits and accidents. Project Report
PR58. Transport Research Laboratory, Crowthorne.

FildesB N, Rumbold G and Leening A (1991). Speed
behaviour and drivers’ attitude to speeding. Report 16.
Monash University Accident Research Centre, Victoria.

Forsyth E (1992). Cohort study of learner novice drivers,
Part 2: Attitudes, opinions and the development of driving
skillsin thefirst 2 years. Research Report RR372.
Transport Research Laboratory, Crowthorne.

French D J, West R J, Elander J and Wilding J M (1993).
Decision-making style, driving style, and self-reported
involvement in road traffic accidents. Ergonomics, 36,
627-644.

Galin D (1981). Speeds on two-lane rural roads: a
multiple regression analysis. Traffic Engineering and
Control, 22, 453-460.

Garber Sand Gadirau J D (1988). Speed variance and
itsinfluence on accidents. AAA Foundation for Traffic
Safety, Washington DC.

Grayson G B (Ed.) (1997). Behavioural Research in Road
Safety VII. Transport Research Laboratory, Crowthorne.

Guppy A, Wilson P and Perry J (1990). Driving attitudes
and driving experience. In T Benjamin (Ed.) Driving
Behaviour in a Social Context. Paradigme, Caen.

Hagan R E (1975). Sex differencesin driving
performance. Human Factors, 17, 165-171.

Hauer E (1971). Accidents, overtaking and speed control.
Accident Analysis and Prevention, 3, 1-14.

Herberg K W (1978). Factors conditioning speeds on
roads in urban areas. Medizinisch Psychol ogisches
Institut, Kéln, Germany.

Maycock G and Forsyth E (1997). Cohort study of
learner and novice drivers, Part 4: Novice driver accidents
in relation to methods of learning to drive, performancein
the driving test and self- assessed driving ability and
behaviour. TRL Report TRL275. Transport Research
Laboratory, Crowthorne.

Maycock G and L ester J (1995). Accident liability of car
drivers: follow-up study. In G B Grayson (Ed.)
Behavioural Research in Road Safety V. Transport
Research Laboratory, Crowthorne.

Maycock G, Lockwood C R and Lester J (1991). The
accident liability of car drivers. Research Report RR315.
Transport Research Laboratory, Crowthorne.

Munden J W (1967). Therelation between a driver’'s
speed and his accident rate. Laboratory Report LR88.
Transport Research Laboratory, Crowthorne.

Naatédnen R and Summala H (1974). Amodel for therole
of motivational factorsin drivers decision making.
Accident Analysis and Prevention, 6, 243-261.

Parker D, Mangtead A SR, StradlingSG and Reason J T
(1992). Determinants of intentions to commit driving
violations. Accident Analysis and Prevention, 24, 117-131.

Perry A R (1986). Type A behaviour patterns and motor
driver behaviour. Perceptual and Motor Skills, 63, 875-878.

Quimby A R, Maycock G, Carter | D, Dixon R and
Wall J G (1986). Perceptual abilities of accident involved
drivers. Research Report RR27. Transport Road Research
Laboratory, Crowthorne.

Quimby A R, Maycock G, Palmer C and Grayson G B
(1999). Drivers speed choice: an in-depth study. TRL Report
TRL326. Transport Research Laboratory, Crowthorne.

Quimby A R and Watts G R (1981). Human factors and
driving performance. Laboratory Report LR1004,
Transport Research Laboratory, Crowthorne.

27



Reason J T, Mangtead A SR, Stradling SG, Parker D and
Baxter J S(1991). The social and cognitive determinants of
aberrant driving behaviour. Contractor Report CR253.
Transport Research Laboratory, Crowthorne.

Sabey B E (1983). Road safety in the 80s. Symposium:
Recent Devel opment and Research in Road Safety
Remedial Measures. Salford, England.

Smeed R J (1973). An examination of the results of some
observations of driver behaviour. First International
Conference on Driver Behaviour. Zurich, October 1973.

Solomon D (1964). Accidents on main rura highways
related to speed, driver and vehicle. Bureau of Public
Roads, Department of Commerce, Washington DC.

Staughton C G and Storie V J (1977). Methodology of an
in-depth accident investigation survey. Laboratory Report
LR762. Transport Research Laboratory, Crowthorne.

Treat J R (1980). A study of pre-crash factorsin traffic
accidents The HSRI Research Review, Ann Arbour MI.

Wasielewski P (1984). Spoeed as a measure of driver risk:
observed speeds versus driver and vehicle characteristics.
Accident Analysis and Prevention, 16, 89-103.

West R, Elander J and French D (1992). Decision
making, personality and driving style as correlates of
individual accident risk. Contractor Report CR309.
Transport Research Laboratory, Crowthorne.

28



6¢

Appendix: The questionnaire

(Ref: TRL/S&E/ARQ/95) NOW SOME GENERAL QUESTIONS ABOUT ROAD SAFETY AND DRIVER BEHAVIOUR.
al Q6. How often do you think that other drivers do each of the following?
TRANSPORT RESEARCH LABORATORY Never/ Occasionally Sometimes Often Verk?ﬁen/
Very ]rorely 2 3 4 Al 5cys
Drive faster than the speed limit a g a a Q
Follow another car too closely a a Q a a
Drive too slowly a ad a a a
DRIVER BEHAVIOUR AND SAFETY Drive aggressively a =] =
Overtake dangerously ] ad a a a
Q U E STI o N N A I R E Drive too fast for the condlitions m] a a a a
Drive when over the
legal limit for alcohol a Qa a O a
Please would you complete the following Q7. Consider driving in a residential area where the speed limit is 30 mph.
questionnaire by either ticking one of the boxes or How serious an offence is driving at eq‘\:/h of IhesLOIIIOWInQNse‘p;:dS?l Mi v
writing in the space provided. sonats  orows N e e (Y
35 mph d ] d o a
40 mph a a a a a
50 mph a (] a ] ]
Q8. Consider diiving on a motorway with a speed limit of 70 mph.
10 ST Q How serious an offence is driving at each of the following speeds?
ART WITH, A FEW QUESTIONS ABOUT YOUR JOURNEY ON THE DAY YOUR i N o Mi V
VEHICLE WAS OBSERVED. sé’%&yﬁ se"E‘l’“s e‘n"J?é\I?ﬁLr e 5°' m%'éf
7 h
Q1. What was the reason for that particular journey? 88 Qgh a a a a a
Driving to or from work 0 90 mph a a d Q Q
Driving as part of your work a . ) o,
Leisure, of shopping Q Q9. Redlistically, how likely do you think it is that someone would be stopped by the
can't r'emember a police for speeding in the following situations?
i Exiremely  Unlikely Neither likely Likely Exiremely
Other (please specify) i, a unlikely nor uniikely tikely
. . It they drive at A0 mph In o
Q2. Isthe vehicle you were driving? bullt-up town centre where
Privately owned a the speed limit Is 30 mph Q a a ] ]
Cornpany owned a If they drive at 85 mph on
Owned by a hire company a a motorway where the speed
Other (DIEASE SPECITY ) oo e e s e a limit Is 70 mph a a a a a
Q3. What is the engine capacity of this car?
up fo 999cc Q NOW SOME QUESTIONS ABOUT YOUR DRIVING.
1000 - 1499 cc a Q 10. Comparing the speed at which you drive with that of other drivers, would you say that, in
1500 - 1999 cc g general, you drive faster or slower than them?
2000 cc or over ] Much faster Q
Alittle faster Q
Q4. Were there any passengers with you at the time? About the same a
Yes Q A little slower a
No (ifnogoto Q 6) D Much slower a
@5. May we have a few details about your passengers? Qi :Iow of}len?l,' _}Nhen given the opportunity, would you say youy drive faster than the
Sex Approximate
Male Fernale age (years) Never/very rarely 8
Passenger 1 a a Occcglonclly
Passenger 2 ) a g)f?;iflmes 8
Passenger 3 Q Q Very often/always a

Page 2
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Abstract

This study sets out to identify and quantify those factors which influence adriver’s choice of speed. The factors
investigated included demographic variables, driving habits, accident histories, and arange of psychological
variables. The speeds and registration numbers of free-flowing vehicles were recorded on video. Using the
registration number information, self-completion questionnaires were sent to the relevant driversin order to collect
detailed information on the variables under investigation, and to relate this to the speeds at which the drivers were
travelling when filmed. Information was collected from over 5000 drivers at 24 different sites. Of those observed,
the faster drivers tended to be young, driving high annual mileagein large cars, and to be travelling alone to and
from work. A variety of interacting factors were found to influence a driver’s choice of speed, but the largest single
influence was from site characteristics, which accounted for over half of the variation in speed. Because of this, the
analysis concentrated on speed relative to the mean for each site, rather than the absolute speed. Multivariate
techniques were used to analyse the speed data and to explore the contribution of the demographic and
psychological variables. Of the former, age proved to be the strongest predictor, and some of the psychological
variables turned out to be reasonably robust. The modelling of the accident data confirmed results from recent
studies, and the analysis suggests that a 1% change in the speed choice of an individual driver is associated with a
7.75% change in accident liability.
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