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The Transport Research Laboratory is the largest and most comprehensive centre for the study of road

transport in the United Kingdom. For more than 60 years it has provided information that has helped
frame transport policy, set standards and save lives.

TRL provides research-based technical help which enables its Government Customers to set standards
for highway and vehicle design, formulate policies on road safety, transport and the environment, and
encourage good traffic engineering practice.

As a national research laboratory TRL has developed close working links with many other international

transport centres.

It also sells its services to other customers in the UK and overseas, providing fundamental and applied

research, working as a contractor, consultant or providing facilities and staff. TWS customers include

local and regional authorities, major civil engineering contractors, transport consultants, industry, foreign

governments and international aid agencies.

TRL employs around 300 technical specialists - among them mathematicians, physicists, psychologists,

engineers, geologists, computer experts, statisticians - most of whom are based at Crowthome, Berkshire.
Facilities include a state of the art driving simulator, a new indoor impact test facility, a 3.8km test track,
a separate self-contained road network, a structures hall, an indoor facility that can dynamically test

roads and advanced computer programs which are used to develop sophisticated traff]c control systems.

TRL also has a facility in Scotland, based in Livingston, near Edinburgh, that looks after the special
needs of road transport in Scotland.

The laboratory’s primary objective is to carry out commissioned research, investigations, studies and
tests to the highest levels of quality, reliability and impartiality. TRL carries out its work in such a way

as to ensure that customers receive results that not only meet the project specification or requirement but
are also geared to rapid and effective implementation. In doing this, TRL recognises the need of the

customer to be able to generate maximum value from the investment it has placed with the laboratory.

TRL covers all major aspects of road transport, and is able to offer a wide range of expertise ranging from

de~diled specialist analysis to complex multi-disciplinary programmed and from basic research to advanced

consultancy.

TRL with its breadth of expertise and facilities can provide customers with a research and consultancy

capability matched to the complex problems arising across the whole transport field. Areas such as

safety, congestion, environment and the’ infrastructure require a multi-disciplinary approach and TRL is
ideally structured to deliver effective solutions.

TRL prides itself on its record for delivering projects that meet customers’ quality, delivery and cost
targets. The laboratory has, however, instigated a programme of continuous improvement and continually
reviews customers satisfaction to ensure that its performance stays in line with the increasing expectations

of its customers.

Quality control systems have been introduced across all major areas of TRL activity and TRL is working
towards full compliance with BS EN 9001:1994.
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EXECU~VE SUMWRY

INTRODUC~ON

Driver ‘fatigue’ is often cited as a ause of road accidents.
Nthough the identification of sl=p related accidents is
difficul~ the evidence from ‘in-depth’ studies, suggests
that sleep may be a factor in between 10 and 25 per cent of
accidents. Studies that use ‘officially reported accident
data produce estimates of the involvement of fatigue in
accidents ranging from 0.5 -3.7 per cent.

In order to obtain information about fatigue or sleepiness as
a factor in accidents from the drivers themselves, two
surveys have been undetien - one an interview survey of
mde HGV drivers and the other a POSM questionnaire
survey of tie m drivers. me surveys were designed to
determine the relationship between an individurd’s ten-
dency to daytime sleepiness as measured by a scale known
as the ‘Epworth daytime sleepiness sale’ and accident
involvements.

THE HGV DRIVER SURVEY

In the survey of HGV drivers, just under 1000HGV drivers
were interviewed. Drivers were asked about their age,
driving experience and annti mileage, and about tie
accidents they had experienced in the last three years. Wch
driver completed the Epworth sleepiness scale. Medid
evidence suggests that there are certain physid factors
which can in some individtis impair breathing during
night-time sleep, resulting in excessive daytime sleepiness.
~ese factors are obesity (particularly excess fat around the
neck) and propensity to snore heavily during night-time
sleep. Accordingly, drivers were asked about their propen-
siV to snore at nigh~ and the interviewers made subjective
assessments about whether the drivers were obese and
whether they had a large collar size.

me sample of drivers (996in all) were evenly sprwda~oss
the 20- 60age range; the average age was just over 41. me
drivers covered an average of 69,700 reties per year, two
thirds of which was on motorways. 205 of the drivers
reported 252 accidents over a 3-year period.

me main findings of the survey may be summarised as
follows: O) there was no statistically significant rebtion-
ship between accident frequencies (accidents per 3-year
period) and annual mileage or percentage of driving time
spent on motorways; (ii) accident frequencies are strongly
dependent on the age of the driver- drivers in the 17-29 yw
old age group average 0.44 accidents in a 3-year period
compared with 0.15 acciden~ per 3-years for drivers aged
over 55; (iii) the accident liabilities of the 37 per cent of
drivers who either snored eve~ night or who were judged

by the interviewers tohavealargecolksize (factors which
might prdispose Wem to impaired night-time sl&p) were
sensitive todaytimesleepiness asmemuredbytheEpworth
daytime sleepiness sc~e; drivers with these characteristics
who score 12on the Epworth scale (approximately the 95ti
percentie point of the distribution) have an accident liabd-
ity which is twice that of drivers who do not suffer from
excessive daytime sleepiness. me r~ons for this result
n~d further investigation.

THE CAR DWVER SURVEY

me posti questionnaire survey of de w drivers was
based onjust over4600responses from a snctured sample
of 9000 drivers. In addition to questions about age, expo-
sure, occupational group and propensity to snore, drivers
were asked about the accidents in which they had involved
in the ht three years of tiving; they were tio asked
whether ‘tiredness’ had contributed to any of these acci-
dents. Drivers completed the Epworth Sleepiness SMe,
and indimted whether or not they had felt close to fdhng
asleep at the wheel in the kt 12 months. Bewuse company
car drivers drive larger distances than private m drivers -
a higher proportion of which is on motorways -it seemed
possible hat company w drivers would be particularly
vulnerable to the effects of tiredness. Drivers were there-
fore asked whether they drove a privately owned car or a
company owned car most often. All drivers were askti to
report the methods they had found helpful in countering tie
effect of sleepiness whilst driving.

me average age of the study sample was 48; 83 percent of
the sample mostiy drove privately own~ -, and 17 per
cent drove company owned cars; the average annual mile-
age covered by drivers in this survey was 11,380.

TIREDNESS AND DWWNG

29 per cent of drivers reported having felt close to f~ing
asleep at the wheel in the past 12 montis. A logistic model
showed that anumberof characteristics including Epworth
score, age and exposure, are influential in predicting the
probability of feeling close to falling asleep at the wh~l.
Depending on these factors, the probability w range from
below 0.1 to over 0.9.

me principal methods suggested by drivers for countering
theeffectsof sleepiness were: opening the window for fresh
ti (68 percent), stopping and taking a wti (57 per cent),
listening to the radio (30percent) andting toapassenger
(25 per cent). Drinking coffee was a counterm=ure adv-
cated by only 14 per cent of the drivers.
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Tiredness was reported as Wing a factor in 7 per cent of the
accidents in which the survey drivers had been involved.
Mting tilowance for the fact that about one third of
accidents involve two cars, the 7 per cent of tiredness
related involvements probably means that tiredness is im-
plicatd in between 9 and 10 per cent of accidents. Tired-
ness as a contributory factor in accident involvements
differed significantly by type of road, age and time of day.

ACCIDENTS AND ACCIDENT
LIABILITY

The overall accident involvement frequency (accidents in
the last 3 years uncorrwted for any accidents which may
have been forgotten) was 0.217. The results of the analysis
of accident liability may be summtised as follows: (i)
accident frequencies fell with increasing age, from just
under 0.4 accident involvements in 3 years for the 17-24
y= old age group to just under 0.13 involvemen~ per 3
years for over 65 year old drivers, (ii) accident frequencies
incrwe with botb annual mileage and frequency of trip
making, (iii) those private car drivers who have felt close to
f~ling asl~p whilst tilving, have an accident liabdity at
the upper end of the Epworth sde which is a factor of 1.38
higher those scoring zero on tie Epworth scale. Company
cabdrivers who have felt close to falling aslwpat the wh~l,
have an accident liability at high Epworth scores which is
1.7 times that of a driver who scores zero on the Epwortb
scale. nose company car drivers who have felt close to
falling asleep at the wheel and who snore every night
(indiwtive perhaps, as in the ae of HGV drivers, of
impairti night-time sleep) and who suffer from daytime
slwpiness @igh Epworth scores), have an accident hability
which is three times tit of those who do not suffer from
excessive daytime sleepiness.

CONCLUSION

It has always proved difficult from more traditional sources
of accident data to identify the contribution of fatigue to
accidents. The car drivers in this study are suggesting that
tiredness is a contributory factor in 7 percent of accident
involvements (estimated to be the equivalent of between 9
and 10 percent of accidents).

HGV drivers were not asked about f~ing asleep at the
wheel, nor were tiey asked to assess whether fatigue was a
contributory factor in the accidents in which they were
involved. However, in the case of both HGV and car
drivers, the evidence provided by the accident analysis
reported here for a positive relationship between accident
frquency and Epworth score for some drivers, provides a
convincing indication that sleepiness is indeed a significant
factor in accidents. The role of the company car driver is
dso cl= and dominant. Company u drivers have a
particu~ly high probability of falling asleep at the wheel
and a rektively high accident frequency. The fatigue coun-
termeasures suggestd by the drivers included opening a
window, Wng a w-, listening to the radio and drinking
coffee. It is clearly necessary in future research to deter-
mine as objectively as possible, therehtive effectiveness of
these (and other) potential countermeasures so as to be in a
position to be able to give sound practid advice to drivers
who find themselves in a position of having to drive whilst
tired.
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DRWER SLEEPINESS AS A FACTOR ~ CAR
AND HGV ACC~ENTS

ABSTRACT

~is report presents the results of two surveys -an inter-
view survey of about 1000 HGV driven and a posti
questionntie survey of just over 4600 mde tivers aimed
at exploring the relationship between accidents and day-
time sleepiness. hvers in this survey providti details of
the accidents they had experienced in the last three years,
and car drivers identified those factors they thought con-
tributed to the accident. In addition to the noti demo-
graphic md exposure variables - age, annual mileage, and
the propordon of time spent driving on different types of
road - drivers completed tie Epworth sde memuring
daytime sleepiness; car drivers dso reported whether they
had felt close to falling asleep whilst driving during tbepast
12 months and whether the w they drove most was
privately or company owned. In the case of m drivers, the
Wysis of tiis data has enabled the characteristics of
tiredness-related accidents to be compared with the charac-
teristics ofd reported accidents. me probability of feeling
close to fdhng aslwp at the wheel has been quantified in
terms of tie demographic and exposure variables and
Epwortb score using a logistic model. b drivers reported
that about 7 per cent of accident involvements were asso-
ciated with tiredness (about 9- 10percent of accidents). me
accident liabdity of both the HGV and the car drivers has
been quantified using a multivariate statisti~ model; for
some drivers accident liability is shown to be sensitive to
daytime sleepiness.

1. GENERAL INTRODUCTION

~ver ‘fatigue’ is often cited as a muse of road accidents.
In fac~ fatigue is a condition which is not particularly well
defined and may involve a vtiety of physiologic and
psychologiti states. Brown in his review of the subjec$
has defined fatigue as “subjectively experienced disincli-
nation to contiue performing the task in hand (Brown,
1994). Mving is a skilled task which is to a kge extent
self-pacti. However, it is a task which rquires sustained
vigitice if accidents are to be avoided. Fatigue - for those
drivers affected - is likely to result in impaired perform-
ance, resulting in an increase in the risk of koming
involved in an accident. Since the circumstances giving rise
to fatigue and reactions to it wi~ vary widely from person
to person, it is Wely that there wdl be kge individti
differenms in both the experience of being fatigued and in
the eff~t fatigue has on the individud driver’s accident
liability.

~is report describes two surveys - the first an interview
survey of mde HGV (Heavy Goods Vehicle) drivers, and
the smond a posti questionntie survey of de a driv-
em. me objwtives of these two surveys are to obtain some
basic information about the associations &tween sleepi.
ness -as a key manifesution of fatigue - and acciden~, and
to quantify tie extent to which tieseassociations depend on
indlvidurd and task related factors.

me report is smctured as follows. Section 2 reviews the
evidence avdable from other sources about the proportion
of accidents in which fatigue or sleepiness may have been
a contributory factor. Section 3 introduces the two surveys
- in particuh defining the Epworth daytime sleepiness
scale which pkys a significant part in boti. me surveys
themselves are then presented in sections 4 and 5, together
with basic tabulations of accident data. Section 6 intro-
duces a statistical model relating to car drivers, predicting
the probability of falling asleep at the wheel, and section 7
presents statistical models for both HGV and car driver
accidents, quantifying the effect of sleepiness (as measured
by the Epworth sale) on acciden~. S~tion 7 summarises
the findings and draws conclusions. Appendices AtoFdd
with some detailed aSPB of tie surveys which it was
considered inappropriate to include in the main report.

2. FATIGUE AS A CAUSE OF
ACCIDENTS

2.1 GENEWL

On any pardcularjoumey, a driver may suffer from fatigue
or sleepiness fora variety of reasons-some associated with
the task of driving, others to do with more gened lifestyle
or hdti factors. Among the former would be the ‘dine on
task’ - the length of time the driver has kn driving.
Business and commercial drivers, particularly drivers of
Heavy Goods Vehicles (HGV), often have to work pr~
longed and irreguh hours and drive long distances eve~
day. ~eymay be underpressure to meet detivery deadhnes
despite difficult traffic situations. Associti with the
amount of driving is the issue of when the driving is donq
a driver maybe excessively sleepy beause he is driving at
a tie when he would notiy be mleep - predominartdy
in the early hours of the morning and perhaps immediately
tier lunch - times when his circadian rhythms are out of
step with tie physical demands being placed upon him by
the driving task.
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More general tifestyle factors are *O relevant. A driver
may be sleepy because he has had insufficient sleep before
commencing the journey. Indeti the effect of sleep depri-
vation may be cumulative, dependent on sleep patterns
occurring over a significant period of time prior to the
journey. A driver maybe sleepy bemuse he has a natud
inclination to slmp during the daytime - he is a sufferer
from excessive daytime sleepiness. There may dso be
medicd muses of excessive daytime sleepiness, conditions
such as sleep apnoe~ though these are likely to & rare
among a random sample of drivers.

A whole range of driving and non-driving related factors
can affect an individud’s propensity@ experience sleepi-
ness whilst driving, and can potentily increase the likeli-
hood of that individudbecoming involved inasleep rehted
accident. What evidence is there then, that Ming sleepy or
fatigued whilst driving resuls in more accidents?

2.2 THE EVIDENCE FROM OTHER
STUDIES

The contribution of fatigue to accident causation is difficult
to establish, and studies which give reliable estimates (or
inded any estimates at dl) are rare.

Storie (1984) studied 2000 HGV md PSV (Public Service
Vehicles) accident involved drivers and found that 11 per
cent of the accidents in which they were involvti were due
- at least in part - to fatigue. It is commonly assumed that
fatigue is due mainly to driving long distances, but in
Storie’s accoun~ over hrdf the accident involved drivers
had driven less than 100 miles before the accident. This
confirms that fatigue arises not ordy from the time spent
driving, but from many other factors outside tie acturd
driving task which may result in daytime fatigue or ‘sleepi-
ness’. In a recent unpublish@ examination of fati accident
fdes involving HGVS, only 55 out of 1247 accident repom
(4.4 per cent) mention fatigue as a possible contributory
factor. By con~ast publicity rnateti circuhted by the
Road Safety Bureau of New South Wales, Australia, states
that ‘in-depth studies indicate that around 30 per cent of
fati heavy vehicle acciden& involve fatigue’.

The same Road Safety Burau material suggests that fa-
tigue is irnplimted in 6 per cent of dl acciden~ in New
South Wales, and in 15 per cent of fati accidents; the
propordon rises to 30 per cent for fati accidents in rud
areas. A study of 204 fati accidents on Bavarian highways
(Zulley, Cronlein, Hell and hngweider, 1994) concludes
that 24 pr cent of these accidents were the result of frdfing
asleep at the wheel. By contrast an Amerim study (Pack,
Cucchiara, Schwab, Rodgman and Pack, 1994) using data
from North Carolina’scrash reporting system (1990-1992),
estimates that the propotion of crashes involving a driver
who was judged to have frdlen asleep at the wheel is only
0.46 per cent. Home and Reyer (1995), report two studies

of accidents to which the police were did, in which they
identified sleep related accidents in circumsmntiti terms.
Accidents were asumed to be sleep related if the vehicles
involved had either run off the road or into the back of
another vehicle in good visibility with no signs of the
brakes being applied, if the police officers at the scene
suspected slwpiness as the prime cause, and if vehicle
defects, alcohol or spding coddbe excluded as contrib-
utoryfactors. They found that sleep was likely to be a
contributory factor in between 16 and 23 per unt of dl
acciden~ and that the number of sleep relatd accidents was
higher during the night and in the mid-afternoon than at
otier times of day.

Mthough the identifiwtion of sleep related accidents is
problematic, the brief review given above ofevidence from
‘in-depth’ studies, sugges~ that sleep may be a factor in
between 10 and 25 per cent of accidents, though the actti
propordon will depend on a range of factors including type
of road time of day and severity of accident. Studies that
used ‘officially reported’ accident da@ s=m to produce
much lower estimates probably because accident-involved
drivers are unlikely toadmit toapoliceofficerattending the
accident that their driving was tipaired prior to the acci-
dent combined with the fact that symptoms of sleepiness
may not be evident to the police or to the wimesses
involved. This provisional conclusion is borne out by the
data to be presented in the next section.

2.3 EVIDENCE FROM POLICE
DATA IN THE UK

In the 1950s the natioti system for recording inju~
acciden~ (STATS 19) included data relating to an assess-
ment of the factors judged by the police officer reporting
the acciden~ to have contributed to its occurrence. The
collection of this ‘contributory factor’ information was
dropped from the nationat system some years hter bemuse
it was perceived to be too subjective. However a number of
potice forces in the ~ continuti to couect contributory
factor data for use by themselves and the L@ Highway
Authorities for tie pu~se of identifying accident prob-
lems for treatment. In tie autumn of 1994 a survey of a
number of police forces who still collectd contributory
factor data was undertaken to compare the coding systems
in use, and to obtain views about the value of this data in
identifying accident remedti measures.

Almost dl forces who record contributory factors in acci-
dents, have fatigue - sometimes combined with iUness -as
a factor. In most forces, tie assignment of contributory
factors is undertaken by the pohce officer who repom the
accident. In some however, the coding is done by office
staff basing their judgement on the brief accident report
written by the potice officer on the report form. @ the
grounds that the former assessment is tikely to be the more
reliable, Table 1 shows for those forces in which a police
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TABLE 1

The percentage of accidents assessed by police officers as involving fatigue -by severityl and road t@

Police Force/County Overall By Severity By Road Type
F&S SL HS LS

Devon 1.3 2.6 1.0 2.8 0.4
Comwti 1.8 1.4 1.9 2.3 1.2
WilKhire 3.7 4.5 3.5 5.3 1.9
Dorset 1.8 2.1 1.7 2.8 1.2
Durham 2.0 3.3 1.7 3.4 1.4
Leicestershire 1.7 2.4 1.6 3.9 0.6
Nottinghamshire 1.3 3.0 0.7 2.7 0.8
West Yorkshire 0.5 1.2 0.4 1.6 0.3
Hampshire 1.0 1.9 0.8 2.4 0.4

1 F&S - Fati and serious, SL - Shght accidents
2 HS - High Speed Roads @otorways, 70,60 and 50 mph), LS - Low speed roads (30 and 40 mph)

officer codes the contributory factors directiy, tie propor-
tion of accidents in which fatigue was judged to have been
a contributory factor. me data refers to injury accidents
(not accident involvemen~) in the whole of the relevant
police force areas, and with the exception of Durham, is
1993 daw, Durham only started recording contributory
factor data in 1994, so the Durham entries in the Table refer
to data collected in the fwst 10 months of 1994.

Table 1shows that the proportion of accidents which in the
judgement of the potice have fatigue as a contributory
factor ranges from 0.5 percent in West Yorkshire to 3.7 per
cent in WilKhire. These figures are much lower than those
resulting from ‘in-depth’ studies reported in the previous
section, and much closer to the North @ohna study which
itself was based on a natioti crash reporting system.

Whh the exception of Comwdl, Table 1 does however
show that a higher proportion of the more serious accidents
are consistency assessed by police officers as fatigue
relate~ and a higher proportion still of accident on the
higher speed roads are fatigue related. Both these findings
are in agreement with the results of the studies reported in
2.2. Basedon a simple average of the vduesin Table 1,fad
and serious accidents are 50 percent more likely to involve
fatigue, andaccidenk on high speed roads (motorways, 70,
60 and 50 mph speed Iimi&) 80 per cent more likely to
involve fatigue. The lower propotion of fatigue related
acciden~ on low s~d roads (30 and 40mph speed fimits)
probably goes some way to explaining the relatively low
figure for the proportion of fatigue rehted accidents in the
West Yorkshire conurbation.

It s~ms reasonable to conclude from tiese dam that the
proportion of accidents involving fatigue as identified by
police officers wiUbe of the order of a few percen~ and that
this rehtively low figure compared with other in-depth

studies has to do with the difficulty anyone other perhws
than tie individual driver has in assessing whether tired-
ness or sleepiness was a contributory factor in the accident.
The remainder of this report will describe two surveys in
which drivers have been ask~ to make their own assess-
ment of tiredness as a contributory factor in the accident or
accidents in which they have been involvd.

3.

3.1

INTRODUCING THE
SURVEYS

SURVEY METHODOLOGY

In recent years a number of seti-report surveys have been
carried out to explore the relationship between tie charac-
teristics of indlvidud drivers and their accident liabihties
(see for example, Maycock, Lockwood and Lester, 1991,
and Forsyth, Maycock and Sexton, 1994). Accident liabll-
ity in this context is defined as the number of accidents an
indlvidud driver may be ‘expected’ to be involvd in per
unit time - ex~ted that is, in a statistical sense; for
example, the average accident liabihty for car drivers in the
present study is 0.217 accident involvements in a 3-year
period. The methodology has proved itself to be a retiable
one for predicting associations between accident liabitity,
demographic data (age, sex, driving experience), and exp
sure (annual mileage, frequency of trips). When therefore,
phning a programme of research into sleepiness and
driving, the method smmed to offer a powerful means of
exploring the associations between individud driver char-
acteristics (including sleepiness) and road acciden~.

When comparing the results of surveys of the accident
involvement rates of individu~ drivers with other studies.
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it is important to distinguish between accident rates -
usually the number of accidents or a particular type per yW
- and accident involvement rates. Consider car accidents: if
dl car accidents involved two cars, then in a survey of the
accident involvement of w drivers each driver would
report the same accident as an ‘involvement’, and the
accident involvement rate would be twice the accident rate.
If on tie other hand no car accidents involved another car
- either because they were single vehicle accidents or
accidents involving another type of road user-then wch car
driver involvement reported in tie survey would corre-
spond to an acciden~ and the m driver involvement rate
would equal the accident rate. In rdity for car drivers, the
ratio of involvements to accidents will fdl between these
two extremes. In thenationd accident statistics (STATS 19)
relating to injury accidents, about one tiird of the accidents
are w+ar accidents, so that the ratio of involvements to
accidents might be expected to be about 1.3-1.4. The
proportion of HGV accidents involving 2 HGVS is on the
other hand very small (3.4 percent), so that HGVSinvolve-
ment rates can be assumed to correspond to accident rates.

Two accident involvement surveys have been carried out -
one of mde Heavy Goods Vehicle (HGV) drivers, and the
otier of mde car drivers. In the case of HGV drivers, for
ease of sarnphng, an interview survey seemed appropriate.
Approximately 1000HGV drivers were interviewed at four
motorway service stations during the last week in July
1993; this survey is described in section 4 below. For w
drivers, the most appropriate technique was judged to be a
POSM questionnaire survey, and 9000 mde a drivers
sampld from the Driver and Vehicle Licensing Agency’s
@WA) driver file were surveyed in July/August 1994;
this survey is described in section 5 below.

Both surveys were designd (among otier things) to deter-
mine therektionship betw~n accidentsmd daytime sleepi-
ness. The ‘objective’ measure of an individud driver’s
propensity to fd asleep to be used in these surveys, was to
be the Epworth daytime sleepiness s~e. Since this scale is
the key variable reflecting sleepiness in the analysis of
accidents, it will now be defined.

3.2 THE EPWORTH SLEEPINESS
SCALE

The Epworth Sleepiness Scale ~S) has been developed to
give a simple method of measuring the general level of
daytime slmpiness in adults. It takes the form of a brief
questionnaire which asks subjects to rate their chances, on
a scale of 03, of dozing or falling asleep in 8 different
situations. The situations are (i) sitting and reading, (ii)
watching TV, (iii) sitting inactive in a public place, fiv) as
a passenger in a vehicle, (v) lying down to rest in the
afternoon, (vi) siting and ting to somwne, (vii) sitting
quiedy after lunch and (viii) in a vehicle while stopped for
a few minutes in traffic. The scale as a~lnistered to the
HGV tivers together with the interviewers instructions is

given in Appendix A; a corresponding self completion
scale was included in the w drivers questionnaire. The
toti score from the sde will range from O-24.

Johns found tiat the ~S is reasonably reliable under test-
retest conditions, and has a high level of intemd consist-
ency (Johns, 1992). me score obtained using the HS may,
therefore, be assumed to be a fairly reliable indlmtor of
daytime slwpiness. Johns (1991) reportd that scores of 16
or more, which indimte a high level of daytime sleepiness,
were found in patiens with medicd conditions such as
narcolepsy or obstructive slwp apnwa. Sleep apnm is
characterised by frequent pauses in br~thing during sleep,
leading to loud snoring during the nigh4 and extreme
sleepiness during the day.

Figure 1 shows the distribution of the Epworth scale scores
for the respondents in both surveys.

The figure shows that the Epworth score distribution is very
similar for HGV and car drivers. The mtin value of the
Epworth score for HGV drivers is 5.7 compared to 6.2 for
car drivers. The distribution is asymmetrical with the buk
of drivers scoring between 3 and 7, but with a noticwble
upper tail. However, only about 0.3 percent of HGV drivers
and 0.8 per cent of car tivers have an Epworth score of
more than 16, thus frdling into the ategory of people who
according to Johns’ criterion, could be suffering from sleep
apnoea. In view of this, it seems unlikely that the conse-
quences of sleep apnm will be a major contributory factor
in the accidents experience by the drivers in these surveys.

4. THE HGV DMVER
INTERVIEW SURVEY

4.1 THE SAMPLE

Approximately 1000 mde Heavy Goods Vehicle (HGV)
drivers wereinterviewed at fourmotorwayservice stations:
Membury on the M4, Fleet on tie M3, TroweU on the Ml,
and Chock Richard on the M6. About 250 subjects were
interviewed between the hours of 8am and 5pm at each
service area during tie last week in July 1993. At each
location, drivers were sampled equally between the two
carriageways in order to get as representative a sample of
drivers as possible. During each session of interviewing,
drivers were chosen randomly according to who was avail-
able at the time the previous intewiew finishd. The inter-
views were carried out by a team of experienced ~
interviewers who used a printed questionnaire with cue
cards as aids to asking cetin questions and recording the
answers.

The analyses given in his report are based on the 996
completed questionnties which resulted from these inter-
views. Not every question was answere~ so that in gened
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tabtdations will have some missing data. me number of
valid responses available when compifing each table is
shown where appropriate.

4.2 THE QUESTIONNAIRE

me questionnaire u~ in tie study consisted of 4 parts.
Part 1 asked about the mileage the drivers had travelled in
the previous y=, and how much driving time was spent on
British and foreign motorways.

An attempt was then made in Part 2 to determine the
drivers’ activities during ‘typicrd’ week-day and Saturday.
However, obtaining and coding this information in a con-
sistent way did not prove my and since the da~ collected
did not prove useful in explaining the ktween driver
d~ferences in accidents these resul~ me not discussed
further in his report.

In Part 3 of the questionnaire, drivers were asked to report
how many acciden~ they had been involved in during the
last thrw years. If they had kn accident involved, tiey
were asked to provide information about their accidents.
Information was collected about the severity of ~ch acci-
den~ what other vehicles, road users, or objects were
involved, the type of road on which the accident occurred,
the date of the accident and the length of time the driver had
been driving during the particuk journey prior to the
~urrence of the accident

In Part 4 of the questionnaire drivers were dso askti how
old they were and how long they had been driving an HGV.
~is part of the questionnaire dso included the Epworth
Sleepiness Sale, and in view of the possible connection
between night-time slmp impairment and snoring (see 3.2

above) drivers were asked to say whether they snored at
night on a 4-point sc~e (not at dl, rarely, occasionally or
every night). me interviewers dso recorded some indica-
tors of possible physiti characteristics which might be
indimtive of night-time slwp problems. Medid eviden~
suggests that there are @fin physid factors which can
for some individurds result in impaired breathing during
night-time sleep, resulting in excessive daytime slwpiness.
In extreme cases the individud may be suffering from
obstructive sleep apnoea (see 3.2 above) - a condition
exacerbated by obesity, especially a fat neck - i.e. a large
collar size - an~or obstructed airways evidenc~ by a n~
sounding voim. For these reasons the intemiewers were
asked to record whether or not in theirjudgement the driver
was ‘obese’, whether or not he had a noticeably kge colk
size, and whether or not tie driver spoke ‘nay’. me
definitions of these terms were discussed during the brief-
ing of the interviewers to obtain some consistency of
definition, but in the end, the decision was a matter of the
interviewer’s subjective judgement.

4.3 CHARACTERISTICS OF THE
HGV DRIVER SAMPLE

me frequency distributions of drivers includ~ in the
sample by age, driving experience and annual mileage are
tabuhted in Appendix B. Driver’s ages were fairly evenly
spread over the 20-60 age range; the mean age was 41
Y-. A wide range of driving experienu was dso repre-
sented in the sample; the mean length of time drivers had
been driving an HGV was 18 years. me correlation matrix
shown in Appendix B shows that age and driving experi-
ence were highly correlatd (correlation cwfficient 0.86) -
a fact which means that eitierage or driving experience, but
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not both, can be used as an explanatory variable in the
multivariate accident modelling to be described in
section 7.

Annual milwges reported by the HGV drivers ranged from
4000 to an improbable 275,000 with a mean of 69,700; the
distribution is fairly uniform between 40,000 and 100,000
miles. Annual mileage is very difficult to estimate, particu-
larly for drivers whocoververy high mileages. It is perhaps
fortunate therefore - as the subsequent analysis wi~ show -
that for high mfleage drivers, the expected number of
accidents in which a driver is likely to become involved, is
ahnost independent of annual mileage.

The HGV drivers interviewed spent an average of 67 per
cent of their driving time on motorways. The distribution
was skewed towards the upper end such that about a third
of drivers spent over 80 per cent of their driving time on
motorways. The motorway driving of most of the drivers
interviewed (87 per cent) was solely on motorways in the
m.

4.4 HGV DRIVER ACCIDENTS

4.4.1 Accident types and locations

Drivers were asked to report dl accidents they had experi-
enced in the kt three years. In the main therefore, these
accidents involved damage only. Of the 996 HGV drivers
included in the analysis, 205 reported having been involved
in an accident in the hst three years. These 205 drivers
reported 252 accidents of which 83.6 per cent did not
involve injury, 10.4per cent involved a slight injury, 4.4 per
cent a serious injury and 1.6 per cent a fatiity (not of
course, the driver). Despite the s~l numbers of injury
accidents involved in his survey, the ratios of fati, serious
and slight accidents obtained are not inconsistent with the
accident involvement rates reported in the national acci-
dent statistics (STATS 19) for HGVS. 16.4 per cent of the
accidents occurred on a motorway and the remainder on dl-
purpose roads.

Table 2 shows the proportion of accidents involving other
vehicles or road users. It wiUbe seen that 70 per cent of tie
HGV accidents involved another moving vehicle and about
17 percent involved a stationary vehicle. The distribution
of accident types reported by drivers in the survey did not
depend on their age.

4.4.2 Accident involvement frequencies:
exposure and age

The tables in this and the following sections present aver-
age self-reported accident involvement frequencies (the
average number of accidents repofied during the 3-yw
recall period) cksified by me variables on which these
accidents might be expected to be dependent. In each case

TABLE 2

HGV accident types

Type of Number of accidents ~0

vehicle involved

Moving vehicle 171 70.1
Stationary vehicle 42 17.2
Parked vehicle 1 0.4
Cyclis~otorcyctist 5 1.6
Other 6 10.7

ToM 225 100

the frequencies presented are simple averages and take no
account of inter+onelations between the variables.

Table 3 shows themeanaccident involvement frequency (3
yearperiod) forHGV drivers as afunction ofannti mileage.

The table shows that with the exception of group 4 (80,000
-99,999 miles) the involvement frequencies are very simi-
lar ranging fromO.23 to 0.25 accidents in 3 years. Group 4
drivers have aratierhighervdue (0.39), though with 95 per
cent confidence intervals as high as H. 12 even this high
figure mhardlybe considered remarkable. Theabsenceof
any indication that accident rates increase signflcantiy
with mileage is confined by the multivariate modelling
(see Section 7), in which armudmileagedid notprovetobe
a significant predictor of accidents.

The absence of a mileage effect is at fwst sight surprising.
However, studies of the accident liability ofcardrivers(e.g.
Maycock and Lockwd, 1991 and Kompfner and Dlvey,
1992) showed that the accident - milage relationship
~uens off at high mileages. For HGV drivers who cover
very high mileages each year, his flattening off effect
would seem to k almost toti; their accidents do not
incrwse witi mileage at dl and their accident rates perrnile
(or per million vehicle miles) are thus inversely propor-
tional to mileage. No satisfactory explanation has yet been
given for this effect.

Table 4 shows the effect of age on average accident in-
volvement frquency; the ages of drivers have been grouped
to give between 100, and 200 drivers in ach group.
Analysis of variance shows this to be a very significant
effecq it is dso significant in the multivariate modelling.
The average number of accidents per 3 years f~ from 0.44
for the 17-29 age group to less than one third of that figure
for the over 55s. Of course, since age and driving experi-
ence (the length of time tie driver has been driving an
HGV) are very highly correlated in this sample, the result
shown in Table 4 redly illustrates tie combined effecs of
age and driving experience on accidents.

a
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TABLE 3

HGV driver accident involvement frequencies as a function of mnud milwge Qrou@)

Mileage Groups Number of drivers Average accidents Standard errors
per 3 years

up to 39,999 137 0.23 0.05
40,000-59,999 264 0,23 0.03
60,000-79,999 269 0.25 0.03
80,000-99,999 127 0.39 0.06
100,000 and over 193 0.24 0.04

Toti 990 0.26 0.02

TABLE 4

The effect of the HGV driver’s age (in combination with driving experience) on accident involvement frequency

Age Groups Number of drivers Average accidents Standard errors
per 3 years

17-29 154 0.44 0.06
30-34 144 0.40 0.06
35-39 139 0.27 0.04
40-44 132 0.17 0.04
45-49 172 0.15 0.03
50-54 134 0.17 0.04

55 and over 117 0.14 0.04

Toti 992 0.25 0.02

4.4.3 Accident involvement frequencies: The no retiable effects w be discerned from over~ averages.

Epworth Sleepiness Sale-

Table 5 shows the average accident frequencies for drivers
grouped by their score on the Epworth sleepiness scale.

It will be seen that although there is a trend for incraing
accident involvements for those scoring 2 or more on the
Epworth scale, tie average for drivers scoring O or 1 is
higher than for drivers scoring 6 or over. me fact is, that tie
standard errors of these grouped accident rates are such that

The effect of daytime sleepiness wiUonly emerge from the
dysis once other correlatti variables have been taken
into account using a multivariate method.

4.4.4 Accident frequencies: snoring

Because of the potential fink between night-tie sleep
deprivation and snoring mentioned in 3.2 and 4.2 above,
HGV drivers were inked to say whether they snored when
asleep at night. Few drivers were unable to answer, and two

TABLE 5

The score on the Epworth daytime sleepiness scale in relation to the accident involvement frequencies of HGV drivers.

=S Scores Number of drivers Average accidents Shdard error
per 3 years

Oandl 98 0.29 0.05
2and3 186 0.20 0.03
4and5 218 0.23 0.04

6 md over 489 0.27 0.03
Toti 991 0.25 0.02
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thirds of those responding to this question said that they
snored. ~en asked whether they snored ‘every night’,
‘occasiodly’ or ‘rarely’, the respomes given in Table 6
were obtaind. Table 6 dso shows the average accident
frequency for these three groups compard with the one
third of drivers who did not snore.

As wifl be seen from the table, there is titde difference
between the accident fiabitities of three groups who do not
snore every nigh~ but those who do, ap~ to have an
enhanced accident expectation.

4.4.5 Accident fr~uenci~: physical factors

Be=use of tie possible association referral to in sections
3.2 and 4.2 above between potential night-time sleep im-
pairment and obesity, neck (colh) size md A airway
obstructio~ interviewers recorded theirjudgements as yed
no r~ponses to the following questions:

Is the driver obese?

Does the driver have a noti=able large coflar sti?

Does the driver speak ndy?

Table 7 shows the proportion of drivers ffig into each
category, together with the average accident fiquencies in
each case. Mysis of variance shows the @erences in the

accident frequencies for both obesity and coUar size to be
Statistically significant at the 5 per cent level or better -
coUar size giving a higher variance ratio@= 4.6) possibly
because of the kger proportion of drivers classfied ‘Yes’.
Drivers Charactensd as sp-g nas~y were ody 10 per
cent of the toti, and the accident frquency difference in
tis case, though very similar in magnitude to boti obesity
and coflar size, did not prove to be statistically significant
even at the 10 percent level.

The accident involvement frequencies of HGV drivers in
relation to the variables includd in sections 4.4.2 m 4.45
wdl be taken up again in section 7 below in which the
multivariate mode~ng of tie data is described.

~ order to obtain deded accident and exposw data for
tis study, 9000 mde car drivers were sent a posti ques-
tionnaire. The drivers were selected at random from the
Driver and Vehicle Licensing Agency da~base of uent

T~LE 6

Sntig in relation to the accident involvement bquencies of HGV tivers.

Frequency of snoring Number of tiV~ Average accidents per Standard errors
3 y-

Not at d 317 0.24 0.03
~ely 57 0.23 0.08

Occasio@y 345 0.24 0.03
Every night 235 0.31 0.04

Toti 954 0.26 0.02

TWLE 7

Acci&nt involvement fiquencies of HGV drivers with physid characteristics which could be rebted to sleep apnoea.

Number of tiV~ % responding Average accident
frequencies

Mm S.E.

Is driver obese 987 Yes 12.7 0.34 0.06
No 87.3 02 0.02

hge colh sim 986 Yes 18.2 0.34 0.05
No 81.8 0.24 0.02

Speks dly 984 Yes 10.1 032 0.06
No 89.9 0.25 0.02
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licence holders stratifiti into six age bands: 17-24,25-34,
354,45-54,55-64, and 65 and over. The questionnaires
were sent out between July and August 1994. After non-
vdid questionnaires had been eliminated, 4621 question-
naires were avaikble for analysis. Not every question in
these questionnaires had been answered, so that in gened
tie tabdations given hter in this report wdl have some
missing data. The number of valid responses used when
comptiing each table is shown as appropriate.

5.2 THE QUESTIONNAIRE

The questionnaire used in the study consisted of four
sections. Section 1 askti for estimates of the number of
miles the respondent had driven in the previous year, the
propordon of driving time he had spent on three categories
ofroad -motorways, roads in budt up areas and road outside
butit up areas, and the frequency of driving - everyday, 5/
6 days a weekandsoon. Because company cabdrivers drive
larger distances than private car drivers - a higher propor-
tion of which is on motorways - and since it seemed hkely
that company a drivers wouldbemore Wely to be driving
during ‘unsocird’ hours under pressures of time - it seemed
possible that company car drivers would be more vuher-
able than private car drivers to the effects of tirdness.
Drivers were therefore asked whether most of the driver’s
rnilage had been in a private or a company car. h the later
tiysis this factor is a 2-level factor died ‘Cm which
is coded 1for drivers who use a private carmostiy, and 2 for
tiose using company cars mosdy. Respondents were not
given a precise definition of a company car, so that the
company car category wfll include a number of different
groups driving company funded cars.

Section 2 contained questions about driver’s accident in-
volvement. The drivers were asked to report the number
and severity of the accidents in which they had been
involvti in the last three y- - as for the HGV drivers. For
each acciden~ they were asked to report whether the
accident occurred in daylight or darkness, the type of road
on which the accident happend whetier it was wet or dry
at the time, and what other vehicle, road user or object was
involved in tie accident. They were rdso asked to give an
opinion about those factors which had influenc~ tieirown
role in the acciden~

Section 3 asked questions about the incidenm of sleepiness
while driving, including how many hours they would drive
on a long journey before taking a break. Information was
*O elicited about the measures drivem had found helpful
to counter sleepiness whiht driving. h p~cular, this
section asked drivers whether in the ht 12months they had
felt close to f~ing asl~p at the wheel. For use in the
subsequent antiysis, the driver’s response to this question
was coded by means of a factor dd ‘SL~PY’ -1 for
drivers who had not felt close to ftiing asleep and 2 for
those that had. This part of the questionnaire dso included
tie Epwoti Sleepiness Sale.

Section 4 of the questionnaire asked for drivers’ personal
details, such as heigh~ weigh~ age, coUar she and occupa-
tion. As in the me of the interview study of HGV drivers,
the physid characteristics were obtained because of the
potential link between these characteristics and night-time
sleep impairmen~

5.3 CHARACTEMSTICS OF THE
CAR DW~R SAMPLE

53.1 Frequency distributions

Thefrequency distributions of a drivers includti in the
sample by age, occupational group, annualmileage,and
amount of driving by road type are tabulated in Appendix
C. To provide some insight into tie differences betwwn
private and company car drivers and into the effect .of
sleepiness, the tables both in Appendix C and in section 5.4
below have been disaggregate into 4 groups by tie two
factors CAR and SL~PY definti in the previous section.
The relevant as~ts of these distributions are summarised
in the fo~owing paragraphs.

53.2 Age and occupational group

The average age of the drivers in the survey was 48.
Nthough the sarnpting method was designed to ensure a
fairly even spread of ages, tie poorerresponserate from the
younger tivers resulted in a sample which was somewhat
biassed towards the older drivers. Not surprisingly, most of
the over 65 year old drivers drive private rather than
company cars. Rather more surprising is the fact that the
propordon of drivers who have been close to fdfing asleep
at the whml declies for the older age groups. It would
appear that although older drivers are slighdy more Wely
to suffer from daytime sleepiness than younger drivers
(correlation coefficient 0.06- sw Appendix C), @eydo not
drive as far each year as do the younger drivers, and
probably do not n~d to drive at times when they wotid be
at risk of fdfing asleep at the wheel.

The occupational groups us@ in the survey were as fol-
lows:

~ Senior manage~, administrative or profmsiond,

Cl Junior rnanageri~, administrative or profession~

C2 SkiUd manual,

D Semi-sWled and unskilled manuat,

O StudenLhousewiftiusban4 retirtiorunemployed.

There were about 20 percent of drivers in each of the fmt
tiee groups, 10 per cent in group D and the remain&r (30
per cent) in group O. Not surprisingly, a far higher propor-
tion of company car drivers than private car drivers were in
the seniormanageti, administrative orprofessiond group
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(~), a group which rdso includes a higher proportion of
drivers who have felt close to falling asleep at the wheel
(SLEEPY=2).

53.3 Exposure factors

The average armuat mileage for drivers in the sample wm
11,380. Not surprisingly, there are markd differences in
annual mileage between those driving private m and
those driving wmpany WS (Appendix). 0ver60percent
of the private a drivers who hd wr felt close to fdhng
asleep at the wheeldrivelessthan 10,000 milesperyear.At
the other end of the spectrum, nearly 60 per cent of
company car drivers who hd felt close to falling aslmp at
the wheel, cover more than 20,000 miles annuWy. It seems
likely that annual mtieage, combined with the times of day
when this mileage is driven, is very i~uen~ in determin-
ing whether or not a driver is likely to have felt close to
falling asleep at the wheel during the ht 12 months.
Estimates of average annual mileages by age show that
generally, annual mileage reaches a maximum in the mid-
de years (35-55) with both younger and older drivers
driving fewer miles annually. Company m drivers who
have felt close to falling asleep at the wheel appear to be an
exception to this rule; in this category, the highest mileage
~vers are those in the youngest age group.

The frequency of trip making (that is, whether the respond-
ent drivers every day, or less often) reflect the estimated
annual mileage. It is a measure which is not of any great
interest in its own ngh~ but is useful in modelling exposure
to risk of an accident in tie modelling process (see section
7). Appendu C contains a Table showing the amount of
time drivers spend on three types of road - motorways,
roads not in buflt-up areas and roads in built-up arem. The
proportion of mileage driven on rud roads is roughly
constant irrespective of mil~ge; respondents who drive
high milwges spend relatively more of their driving time on
motorways at the expense of driving on roads in built-up
areas. ~ese road type effects do not prove to be direcdy
useful in modelling accident Iiabllity, but are significant
predictom of the probability of fdfing asleep at the whwl
which itself is a sign~lmnt predictor of accidents.

53.4 Epworth score (ESS)

Figure 1 has iUustmti the overall distribution of the
Epworth daytime slmpiness scores ES) among the w
drivers in this sample. The distribution of Epworth scores
among drivers grouped by the factors CAR (private or
company car) and SLEEPY (whether or not the driver has
bn close to falling asleep at the wheel in the past 12
months), shows fiat drivers who had felt close to frdling
asleep at the wheel had, not su~risingly, higher daytime
sl=piness scores (average ~S=7.2) than those who had
notfeltclose tof~ngml~patthe whml (average~S=5.8).
More surprising is the fact that the company car drivers
appear to have rather lower average Epworth scores than

the private car drivers. In fac~ the difference between
company and private car drivers is statistidly significant
at the 5 per wnt level only for the group who had not felt
close to falling asleep at the wheel; tie average Epwortb
score for private car drivers in this case was 5.9, compared
with 5.3 for ~mpany ~ drivers. This difference may well
be due in partat leas~ to the fact that the private car drivers
are on average rather older than the company car drivers.

5.4 CAR DRIVER ACCIDENTS

5.4.1 Accident types, Iomtions and times
of day

Of the 4621 drivers who responded to this survey, 3794
(82.1 percent) mportedhavingbeen accident free in the ht
3 y-,680 (14.7 percent) had been involved in 1acciden~
125 (2.7 per cent) in 2 accidents, 19 (0.4 per cent) in 3
accidents; 1driverreported4 auidents, 1driver 5acciden~
and one driver reported 7 accidents in the 3 year period. The
toti number of accidents reported is thus 1003 represent-
ing an average frequency of 0.217 accidents in the 3 year
period. Drivers reported that 125 (12.5 per cent) of these
accidents involved injury.

Drivers were asked to provide detiled information about
the fmt three accidents they had experienced in the kt
three years. The following tables are therefore b-on a
maximum of 996 acciden~ of rdl kinds including a maxi-
mum of 125 injury accidents; tie actuti numbers in the
tables will in most cases be somewhat less than this due to
respondents not always providing the relevant information
for cross-tabulations.

Table 8 shows that in the case of dl accidents, over two
tilrds involved tie respondent’s car hitting another moving
vehicle, and a stationary vehicle was involved in a further
18 per cent of these accidents - figures very similar to the

TABLE 8

Objects involved in the accidents reported by car drivers

Objects involved other Percentage of
than the driver’s own w accidents

All accidents Injury

Moving vehicles 68.8 % 72.6 %
Station~ vehicles
Road furniture
Kerbs or ishds
Nothing
Ani~s
Pedestrians
Trees
Otier objects
Cyclists

18.4 %
5.7 %
5.6 %
4.0 %
1.9%
1.6%
1.6%
1.6%
0.9 %

10.5 %
6.5 %
3.2 %
2.4 %
1.6 %

10.5 %
5.6 %
2.4 %
4.8 %
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characteristics of the HGV accidents. In just over 11 per
cent of accidents the respondents car hit some part of tie
immediate road environment (road furniture, kerbs or is-
lands), and in 4 percent of accidents the driver went off the
road without hitting anything.

With thepossibleexception ofpesrnans and cychsts (and
trees?), the pattern of objects involved in injury accidents
is simtiar to ‘all’ reported accidents which are mosdy
damage only. me proportion of injury accidents involving
vulnemble road users is noticeably higher than for ‘all’
accidents. Obviously by definition, accidents involving
‘vulnerable’ road users are more likely to be injury acci-
dents.

6.3 per cent of accident involvements occmed on motor-
ways, 28.5 percent on rural roads (not in built-up areas) and
65.2 per cent on roads in built up areas. The corresponding
figures for the inju~accident involvements reported in this
survey are 7.3 per cen~ 36.6 per cent and 56.1 per cent
respectively on the three types of road. me fact that drivers
estimate they spend 21.6 per cent of their time driving on
motorways, 31.7 per cent on non-built-up roads and 46.6
per cent on built-up roads, highlights the rektively safe
performance of motomayspermde driven, compared with
roads in built-up areas.

Table 9 shows the distribution of accident involvements by
time of day. The distribution for ‘M’ accidents reported in
this survey is stil~ to hat for injury accidents, and both
are similar to the distribution of injury accidents by time of
day reported in Road Accidents in Gr~t Britain (1993).

TABLE 9

Percentage of car driver accident involvements
by time of day

Tme of Day Percentage
of accidents

Al Injury

Midnight - 4am 2.5 % 4.4 %
4am-8am 6.2 % 4.3 %
8am - Midday 25.9 % 23.9 %
Midday - 4pm 28.2 % 22.2 %
4pm-8pm 28.2 % 32.4 %
8pm - Midnight 9.0 % 12.9 %

5.4.2 CONTR~UTORY FACTORS IN
THE ACCIDENTS

Survey respondents were asked to identify as objmtively as
they were able, the factors which had influenced fheir role
in tie accident. A list of possible accident contributory

factors was offered in the questionnaire, with an open
ended question providing the opportunity to supply any
additiond factors. Tables 10-12 shows the 9 most fre-
quently identified factors cross-tabuktedby road type, age,
md time of day respectively. The minority Mtegories
providd in the questionnaire but not tist~ in the tabl~ are
poor signing (2percent), vehicle faults- e.g. tyres orbrakes
(2 per cent), inappropriate overtaking (1 per cent) and
dcoho~m~i~ impairment (<1 per cent).

Column 2 of Table 10 shows the over~ percentage of dl
accidents which had involved each contributory facto~
since more than one factor muld be chosen for a given
acciden~ tie column adds up to more than 100 percent. It
wiUdso be seen from the table that ovedl, 43 per cent of
accident involvement did not have one of the factors listed
in the questionnaire resigned, this is mainly because in
those accidents in which drivers felt themselves to be the
‘innocent’ pq, no response was offered to this question.

It will been seen from theoverdl figures in Table 10that the
four most fiequendy cited contributory factors are inatten-
tion or distraction, misjudgmen~ problems of visibility and
driving too fast. Twedness as a contributory factor ranks
ffith, witi 7 per cent of accident involvements having this
factor ascribed to them. It is important to remember that the
tables record the proportion of accident involvements and
not the proportion of accidents. As pointed out in 3.1 above,
the majority of accidents will involve more than one vehi-
cle. If it is assumed that in tie case of most w-u
accidents, one of the drivers is to b~e and the other
‘innocent’, it fo~ows that to convert from the proportion of
accident involvements to the proportion of accidents, re-
quires the former to be multipfiti by the number of car
involvements per accident. Although accurate figures are
not available for tils pardcular data set - and indeed the
figure would vary with road type, tie of day, and other
factors - a reasonable value would be the 1.3-1.4 suggested
in 3.1 based on STATS 19 data. Thus the 7 per cent of
accident involvements reported by drivers in this survey as
Wing tiredness rehted, probably m~s that between 9 and
10percent of accidents are dredness related. In rehtion to
accidents, a similaradjustment woddhave to be made todl
the figures given in Tables 1012.

Columns 3-5 of Table 10 show the way the proportion of
contributory factors depend on road type. The find column
indicates whether or not the differenws observed betwwn
the columns in the Table are statistically significant on the
basis of a simple X*test in which the expected number of
factors are proportional to the number of accident involve-
ments in tich category.

Whereas the proportion of accident involvements arising
from inaaention, misjudgment or problems of visibtiity do
not differ significmtiy between the three road categories,
tiredness as a factor varies in a consistent way. On motor-
ways, tiredness was cited as a contributory factor in 15per
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T~LE 10

SeKassign~contributory factors in w driver accident involvements - ovd and by me of road

Contributo~ factors Overd Motorway Non Built-up Built-up Significance]
areas aras

Inattentioddistraction

Misjudgment
Visibility problem
(eg ~le, obscuration)

%ving too fast

Tiredness

Wving tm close

Road surface fault

Road layout fault
hck of sMViexperience

Other/missing

Number of accidents

24

15

11

8
7

7

6

5
5

43

965

18

16

3
11

15

13

7

2
2

38

61

(Pmcentage @acci&t involvmnts)

21 x .

12 16

10

13

10

4

10

7
9

39

275

11

5 ***

5 ***

7 **

4 ***

5
4 ***

45

629

1 Aterisks indicate whether the numbers of factors differ significmdy between columns.
*** significant at the 1 per cent level: ** 5 per cent level: * 10 per cent level.

~LE 11

Setiassignedcontributory factors in ca driver amident involvements by age group

Contributo~ factors 17-24 25-34 354 45-54 55-6465 and over Si@lmcel

bttentiotidis~ction

Misjudgment
Visibility problem
(eg -Ie, obscuration)

Wving too fast

Tiredness

Wving too close

Road surface fault

Road layout fault

bck of sti~iexperience

Other/missing

Number of aaidents

27 21 27 21
18 14 14 14

11

11

9

9
4

7

15

17

14

9

6

8
7

5

3
44

8
12
12
8
7
4
3

35

8
6
6
6
5
3
2

51

224 168 170 174

(Pmcentage @acciht invobmmts)

24 21 .

14 8

15 5 **

5 1 ***

3 2 ***

2 3 *

6 4

8 2 *

. ***

44 57

133 115

1 See fmtnote to Table 10

cent of accident involvements (20 percent of accidents on higher proportion of sleep rehted accidents. It is dso of
motorways), a figure wtich f~ to 10 per mnt on @ interest to note that driving too fast foHows a similar
roads (14 per cent of a=idents) and to 5 per cent inbtit-up pattern. The proportion of tiredness rekted accidents on
areas (7 per cent of accidents). This resdt co-s the - roads md motorways (corresponding rougMy to the
expectation that motorway driving, often involving m- ‘high speed’ roads ofTable 1)is thus, a=ordingto~pond-
notonous long-distance journeys, is Mely to result in a ents in this survey, somewhat more than twice the
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~LE 12

Self assigned mntributory factors in car driver accident involvements by time of day

Contributo~ factors Hours beginning Significancea

o-3 47 8-11 12-15 1619 2G23

(Percmtage of acctit imolvemrs)

Inattentiotidiswction 18 16 27 27 22 20

misjudgment 9 18 14 18 14 11
Visibility problem
(eg -le, obscuration) 5 11 11 10 12 12

Mving too fast 18 14 6 9 6 15 **

Tirtiess 27 14 3 6 8 10 ***

Mving ti close 7 6 8 9 2

Road surface ftit 9 16 8 4 3 9 ***

Road layout ftit 9- 4 4 7 9

bck of stiVlnexperience 5 4 4 4 6 5

Othedmissing 50 36 41 40 45 48
I

Number of accidents 22 56 232 253 253 81

1 See foomote to Table 10

proportion on btilt-up roads (’low sped roads - Table 1)
- a figure whic~ given the differenms in road type defin-
itions, is not inmnsistent with the factor of 1.8 obtained
Mm pofim data.

Table 11 shows the breakdown of contributo~ factors by
age group. On= again inattention and misjudgment as
factors in accidents do not seem to be age dependen~
Tiredn=s, though fairly evdy spread among the younger
drivers, _hes signifi-dy for the older age groups,
probably reflmting their more judicious appach to driv-
ing long distanms during unsocti hours. Agaiw driving
too fast foUows a sirnih pattern.

Table 12 shows the time of day effect. The hours of the day
are grouped into 6 bhour periods starting at midnigh~
Once again the thrm most frequently mentioned accident
auses are not dependent on drne day. However, the table
shows the consistent and ex~ted pattern of accidents
involving tiredness. b the early hours of the morning,
tiredness is reported as a factor in 27 percent of tie accident
involvements (36 per cent of the auiden~) - a proportion
which decbes to a minim um of 3 percent of involvements
(4 per cent of accidents) during the morning, rising again
through the afternoon ad evening. hterestingly, s@
again follows the same pattern. h the late evening and early
hours of the morning, when tic flows ae tigh~ and
speeds are high driving too fast bemmes an incrWin@y
si@ficant factor in accidents; it is these very same times of
day, that drivers are at their most tinerable to awidents as
a resdt of tiredness.

5.43 Accident involvementfquentim
~omm and age

Table 13 shows the effect of age on reported auident
involvernentfrequencies (atidentinvolvementsin3 yin).
Frequencies are given in the Table for the four groups of
drivers defmedby the factors S-Y and CR It WWbe
seen that involvement frequencies fdl considerably with
increasing age, and that drivers who have felt close to
fWgasleepatthewheelinthepast 12months(SBY=2)
have higher involvement frequencies than those who have
not (SBY=l). The Table *O shows that compmy w
drivers (CAR=2) have higher accident involvement h-
quencies than those driving private cars (CAR= l).

h Table 13 and those that fo~ow, the number of accidents
contributing to the ma accident frequencies, is given in
the Tables initics. This embles the 95 percent cotidenm
tits of the estimate of the m- frequency to be dcu-
lated it is approximately 2x[mean accident fr~uency/
number of accidents]os.

Table 14 shows how accident involvement frequencies
increase with annti mileage for the four groups of drivers
defied by SLWY and CAR. Again the differenus
between the four groups are clearly evident. It is dso cl-
tha$ as in most other studies of acci&nt kbfity, the
awident frequencies are not propordod to ~ti de
age. Consider for exarnpl% the toti column in Table 14.
~ereas from the lowest to the high=t deage band the
annti deage increases by a factor of about 18 @ased on
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TABLE 13

Accident involvement frequency by age and by whether the driver has felt close to falling asleep in the last 12 months
(SL~PY=2) or not (SLEEPY=l) and by type of car driven.

(Nutier of accidents in italics)

Age band SLEEPY=l SLEEPY=2
Mvate Cw Compmy Cm Wvate Car Compmy Car Toti

17-24yem 0.324 337 0.465 43 0.473 169 0.500 28 0.385 582

25-34 y= 0.205 308 0.329 73 0.287 185 0.368 76 0.259 648

354 yem 0.176 370 0.205 78 0.303 162 0.374 115 0.237 735

45-54 yem 0.154 422 0.196 102 0.240 175 0.369 130 0.211 841

55-64 years 0.131 557 0.200 80 0.189 143 0.255 51 0.157 850

65 ye= and ovm 0.123 790 0.091 11 0.188 85 0 1 0.127 905

OveraUaverage 0.170 2784 0.251 387 0.291 919 0.364 401 0.217 4561

TABLE 14

Accident involvement frequency by annual mdeage and by whether the driver has felt close to fdhng asleep
in the last 12 months (SLEEPY=2) or not (SLEEPY= 1) and by type of car driven.

(Nuder of accidents in italics)

Annual SLEEPY=l SLEEPY=2
tileage band PrivateCw CompanyCm fivate Car CompanyCa Total

Less than5,000 0.116 769 0.952 42 0.146 103 0.333 12 0.120 951

5,W1O,OOO 0.168 975 0.107 56 0.199 221 0.286 28 0.175 1299

1O,OOO-15,OOO 0.200 696 0.284 74 0.308 318 0.182 66 0.232 1171

15,000-20,000 0.230 183 0.229 70 0.300 140 0.259 54 0.254 452

20,000-30,000 0.181 127 0.329 76 0.443 97 0.462 117 0.34 421

ova 30,000 0.372 43 0.403 67 0.535 43 0.446 121 0.435 276

OveraU avemge 0.169 2793 0.257 385 0.287 922 0.367 398 0.217 4570

group averages of 2,262 and40,634 tnilesrespectively), the
involvement frequencies increase by only a factor of 3.6.

5.4.4 Accident involvement frequencies: The
Epworth Sleepiness Sale

Table 15 shows tie 3-year accident involvement frequen-
cies tabukted in terms of a grou~ version of respondents’
Epworth Sleepiness score - again for the four groups of
drivers defined by SLEEPY and Cm.

From the find column of Table 15 it wtil be seen that in
aggregate, there is only a slight indication that accident
frequencies increase with Epworth score. However, the
increase for company car tivers (C~=2) is much more
pronounced - pticu~ly for company ~ drivers who
have felt close to fdhng asleep at the wheel in the last 12
months (C~=2, SLEEPY=2). It is dso noticeable that for
private car drivers who have not felt close to fding asleep
at tie wheel (C~=l, SLEEPY= 1), the effect is negative -

higher Epworth scores correspond to lower accident fre
quencies. These interactive effects will be quantified in the
accident modelling (Section 7), ~ng into account the
dtiferences in age and annti milmge of drivers in tie four
groups.

5.4.5 Accident involvement frequencies:
snoring

It win be r-led that from the physiological point of view
snoring at night maybe an indlator of impaired night-time
SIWPwhich could have adverse consequences in terms of
excessive daytime sleepiness. Table 16shows the effect on
accident involvement frequencies of whether ativer snores
every night or not. In tie questionnaire ~sponses, four
categories of snoring were identified:(i) does not snore, fii)
snores sometimes, fiii) snores frquentiy and (iv) snorw
every nigh~ As in tie case of tie HGV drivers Uable 6),
there was no statistical difference between Mtegories (i),
(ii) and (iii). Table 16 therefore shows the difference
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TABLE 15

Accident involvement frequency by Epworth Sleepiness Score and by whether the driver has felt close to
falling asleep in tie last 12 months (SLEEPY=2) or not (SLEEPY=l) and by type of a driven.

(Nuder of acctietis h italics)

Epwoti Scorn SLEEPY=l SLEEPY=2
band Mvate C= Company Car Mvate Car Company Car Toti

Less than 3 0.203 637 0.175 114 0.267 146 0.222 72 0.208 980

4-5 0.183 595 0.256 90 0.281 146 0.378 74 0.221 917

6-7 0.166 543 0.231 78 0.312 183 0.405 79 0.221 89S

8-10 0.127 49S 0.298 S7 0.276 221 0.413 92 0.207 876

11 and over 0.148 236 0.308 26 0.284 169 0.413 63 0.238 S00

ver~ avemge 0.170 2SM 0.236 36S 0.284 86s 0.368 380 0.217 4168

TABLE 16

Accident involvement frequency by propensity to snore and by whether the driver has felt close to falling asleep in the
last 12 months (SL~PY=2) or not (SLEEPY=l) and by type of ~ driven. (Nuder of acctietis Mitalics)

Snores SLEEPY=l SLEEPY=2
every night? Private Car Company @ Private Car Company Car Totrd

No 0.172 2583 0.246 358 0.287 828 0.348 368 0.216 42W

Yes 0.178 174 0.345 29 0.294 85 0.552 29 0.259 321

between those who snore every night and those who do not
- i.e. the fmt thrm wtegories have been merged into one.

Clearly the numbers ofaccidenw in which respondents who
snore every night are involved is quite small, especially
when disaggregatti between the four sub-groups. How-
everTable 16suggests -as with the HGV drivers - thatthose
who do snore every night have a higher accident habihty
than those hat do no~ Again, the smtistid modelling to be
repoti in Section 7, wdl quantify this effect Wing into
account the interacting effects of the other variables.

6. FALL~G ASLEEP AT THE
WHEEL (CAR DWERS)

6.1 WHY DO DNVERS FALL
ASLEEP AT THE WHEEL?

As tieady indl~ted respondents to the car driver survey
were asked if there were any ocwions in the previous
twelve months on which they had felt close to fding asleep
while driving (tie factor SLEEPY); 29 per cent of the
drivers reported that there were. An open-ended question
asked what the circumstances had been, and the most
common reasons are given in Table 17.

It is CIW that the in the main, the rwons for feelig close
to fding asleep at the wheel have to do either with gened
tiredness after long periods wotilng or driving, or is related
to having to drive during unsocti hours - although the
survey did not collect any data which specfl~y rekted to
the time of day respondents were driving. Illustrations
given by drivers of occasions when they felt close to frdting
asleep at the wheel are given in Appendix D.

Drivers were dso asked: “when making along journey,
how many hours would you notily drive before taking a
breakT’ Just under a third of drivers said that they would
drive for 2 hours before Wing a break, and about a thiid
suggested 3 hours. However there was a significant minor-
ity (25 per cent) of drivers who would drive for 4 hours or
more before taking a break.

6.2 THE PROBABILITY OF
FALLING ASLEEP AT THE
WHEEL

It seems likely that the probability of fdhng asleep at the
wheel wfll depend on a number of factors including those
relating to the indlvidud chamcteristics of the driver and to
the amount of driving undertaken. Appendix E describes a
logistic regression model which quantifies tie relationWlp
between the probabdity of fdting asleep at the wheel and
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TABLE 17

Driving conditions suggested by ~ drivers as those which induce sleepiness while driving

Drivingcondition Percentage of drivers

Long working day/physid or menti exertion 21

Motorway driving for long distances 19

Late nightiearly morning 15

Driving for long hours 9

Heater otitoo warm 9

After working night shift 6

Lack of slwp 6

Otier (including driving in the dark, poor visibdity, gke of sun, boring journey) 15

those factors co~ectti in the present survey which proved me sense of these explanatory variables are genedly as
to be signflwt predictors. me continuous variables in the
order they enterd the model (i.e. in order of their explana-
tory power in prtilcting the probability of f~ing asleep at
the wheel) are Epworth score, age, annti mti~ge, the
propotion of time sent driving on motorways and roads in
built up arw, and how long the driver is prepared to drive
before taking a break. Mso significant predictors of prob-
ability of fdhng aslwp at tie wheel are occupation group
and whether the driver was driving a company car or not

me best fit logistic regression model was as follows:

Z= -1.668+ 0.135ESS - 0.023AGE + 0.0000333~LES

+ O.O1OMWAY - 0.006BUA + 0.054B~AK (1)

where, P

ESS

AGE

MILES

MWAY

BUA

B~AK

(the probability of f~ling asleep at the
whwl) = e/(1 + e’)

is the Epworth daytime slwpiness score,

is tie drivers age in years

is annual mileage,

is the percentage of time the drivers
spend driving on motorways,

is tie percentage of time spent driving
on roads in built up ara,

is the number of hours a driver is pre-

expected. A bigber Epworth score considerably incr~s
the probtillity that a driver will ftil close to fding asleep
at the wheel. Age has a negative effag and annuat mileage
the expected positive effect Neither frequency of trip
makingnor propensity to snore proved to be pr~ctive of
falling asleep at the wheel. However, not unrwonably, tie
probability of fdhng asleep at the wheel does increase with
the proportion of time spent driving on motorways and
dmrme with the proportion of time spent driving in buflt
up areas. Drivers wbo areprepard to drive for long periods
without taking a break are dso more Wely to fdl asleep at
the wheel - though this latter effect is at the margins of
statistid significance. Quite apart from theeffectofhigher
milmges and more motorway driving, drivers of company
cars do seem to be more likely to frdl asl~p at the whwl
M private car drivers - for reasons wbicb as suggested in
5.2above,may be related to thecircumstances and unsocti
ties of day when business tips have to be made.

me effect of occupational group was found to be mode~ed
acceptably using a thr~ level grouping- seniormanagerid,
adminismtive or professional respondents (~), junior
rnanagerid, administrative and professioti respondents
(Cl) andtheothergroups combined (~, DandO). Appen-
dw E gives details of the model terms and the standard
emors, and provides a table indimting the magnitude of the
various terms in the model. ~e model provides an excel-
lent fit to the data with Iitderesidud unexphed variation.

Figure 2 illustrates tie dependency of the probability of

pared to drivebefore taking a break. falling asleep at the wheel on Epworth score for four groups
of drivers who drive 11,380 mfles a year, who spend 21 per

For drivers of company cars, 0.326 should be addd to z in cent of their time driving on motorways and 47 per cent of
the above equation; for members of occupational group W their time on roads in built up areas, and who are prepared
B add 0.872, and for members of occupational group Cl to drive for 2.9 hours before taking a break (the average
add 0.661. values for the data set as a whole). me lower solid tine is

the fortuitously coincident relationship for two groups of
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Probtiti~ of falling asleep at the wheel
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Fig. 2 The probabili~ of falling asleep at the wheel as a function of
Epworth score

drivers both belonging to occupational groups C2,D or O
-55 year old company car drivers and 40 y- old private
car drivers. The effect of age is illustrated by comparing the
solid line for the 55 YW old drivers with the mnwd dotted
line representing 25 year old drivers. The differenm be-
tween the lower sotid fine and the upper broken line in
Figure 2 i~ustrates for 40 ym old drivers, the efianmd
probability of fdhng asleep at the wheel fora company m
driver in occupational group ~ compared with a private
car driver in occupational group C2, D or E.

It can be seen from Figure 2 that over the range of the
variables used in the modelling, tie logistic model predlc~
that the probtilhty of falling asleep at the wheel w vary
from under 0.1 formature, low exposure private cabdrivers,
to over 0.9 for younger drivers driving high mileages in
company cars.

6.3 MEASURES ADOPTED TO
COUNTER SLEEPINESS

If a driver &omes awme of feeling sleepy, he may take
measures to counter be effects. Respondents were asked to
indiate from a list of 5 remedid measures (plus an ‘other
- please specify’ category) tie measures hey found helpful
in counteracting feelings of sleepiness; about 89 permnt of
drivers responded to this question. Table 18 shows the
responses in order of popu~ty, expressed as permntages
of drivers responding to the question; sinm more than one
response could be offered, tbe percentages add up to more
M 100 per cent.

The ‘other’ category included suggestions ranging from the
prosaic to the bizarre. The most popular mong this cat-

TABLE 18

Measures found helpful by drivers in countering fhe effecs of slapiness whilst driving

I Rem@id Measures Percentage of those responding to the question

Opening the window for fresh air 68 percent

Stopping and taking a wrdk . 57 per ant

Listening to the radio 30 per cent

T~ng to a passenger 25 per cent

Drinking coffee 14 per cent

Other 15 per cent
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egory were singing, eating, smoking, taking caffeine tab-
lets, stopping and sleeping, washing one’s face, letting
someone else drive, and putdng the seat upright (and less
comfortable). Clearly it is a popu~ conception that fresh
air, taking a bre~ and listening to the mdio are effective in
countering the consequences of sleepiness. Experirnenti
work currenfly in progress at Loughborough University
should provide some indications of the extent to which
these remdles are redly effective.

7. ACCIDENT MODELLING

7.1 INTRODUCTION

The tabuhtions included in sections 4 and 5 above have
shown that the accident involvement of drivers is related to
age (in combination with driving experience), Epworth
daytime sleepiness score and the frequency of snoring. In
the case of m drivers, annual milmge was rdso an impor-
tant factor, and for HGV drivers there was some indication
tit the physical characteristics potentirdly indimtive of
night-time sleep problems (obesity, collar size and n@ity
of speech) as assessed by the interviewers could dso be
related to accidents.

In order to explore the relationship between accidents and
these variables it is neus~ to use a multiple regression
method based on tie Generalised Linear Modelling

M&ulkgh md Nelder, 1985, Aitkin et d, 1992). The
GLM technique as applied to driver accidents is described
fully in Maycock and Lockwood, 1991; the principles are
summarised in Appendix F.

7.2 THE FORM OF THE MODELS

The form of the rehtionships fitted to the HGV and car
driver data respectively, are shown as equations(2) and(3)
below:

A,@G~ = KexpD/AGE+B,(SNO~~LLAR)ESS] (2)

A3(CAR) = k ~ILES + 12*FREQ)” exp~l/AGE +
bz(SNO~,SLEEPY,CAR)ESS] (3)

where:

A, is the accident liabllity - the expected nurnberofaccident
involvements a driver has experienced in fie 3-year recall
period based on reported accidenm only - i.e. no corrwtion
has been made for accidents which have been forgotten.

AGE is the drivers age in years at the mid-point of the
accident period. The reciprocal form of this term provides
a more rapid fat] of accident htiltity with incrming age
than the simple exponential, and conforms to the optimum
functional form found in other studies of accident liability
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(we for emple, Maycock, et d 1991 and Forsyth, et d,
1995).

MILES and FREQ in equation (3), reflect the effect of
driving ‘exposure’ on car driver accidents. M~~ is the
driver’s estimated annti rniltige, and -Q is the fre-
quency of driving expressed as the number of days per yw
a driver drives. ~us for example, for a driver who drives
everyday, -Q would be 365; foradriver who only drives
once a fortnigh6 -Q would be 26. The constant 12in this
expression has been determined interactively from the daa
as that value which minimises the deviance of the model
(see Appendix F).

ESS is the score on the Epworth Sleepiness Scale,

Lk are constants, and a, Bl, b,, and B2,b2are coefficients
to be determined by the analysis; the terms in brackets
associated witi Bz and b2 implies that this coefficient is
dependent on otier factors as explained below.

It is of practid importance to note that in the case of both
the HGV drivers and the w drivers, Epworth sleepiness
score was a very much more significant prtilctor of acci-
dents when included in combination with other mtegori~
terms than when included as an overti prdlctive variable
in its own right. This means that the effect of the daytime
slmpiness is different for different groups of drivers; some
drivers’ accident liabilities are sensitive to daytime sleepi-
ness whilst other drivers’ are not.

In theme of the HGV drivers, the variables available for
defining subgroups in the population were those poten-
Wy indicative of night-time sleep problems namely,
propensity to snore and the physical characteristics - colh
size, obesity and nasality of speech - observed by the
interviewers. Table 6 and Table 16 shows that in accident
terms the only distinction worth making is betwwn those
drivers that do not snore every night and those that do.
SNORE is the frquency of snoring coded as a 2-level
factor which distinguishes these two groups both for HGV
and CMdrivers. Table 7 showed tiat for HGV drivers any
of the three physical factors (colksize, obesity adtiity
of speech) seemed to be effective in distinguishing a higher
accident group from aloweraccident group. Inamultivtiate
sense, these three factors are strongly inter-relate~ so that
only one is useful as a predictive variable. Collar size
proved to be the most effmtive of the thrm. COLLAR as
used in the modelling, is a two-level =tegory variable
which distinguishes those HGV drivers judged by the
interviewers not to have a large collar size from those that
did.

In the we of a;drivers, the 2-level SNORE factor Ao
proved to be a useful means of splitting the popu~tion in to
two groups with different responses to the daydme sleepi-
ness variable. There was *O a significant interaction
between the effect of tie Epworth scrde and the 2-level



ategory SLEEPY which distinguishes those drivers who
had not felt close to fdfing asleep on some occasion during
the kst 12 months from those who had and betwen
Epworth score and the factor ~ which distinguished
drivers who mostly use a private car from drivers who
mostiy use a company car. The magnitude of these integr-
ationswi~ be i~ustrated in the sections which fo~ow.

For car drivers an dtemative model formation based on
the probabtity of fdbg asleep at the wheel was possible.
The form of this alternative model is as fo~ows:

~(C~) = k mES + 12*=)” expm/AGE +
b2SNO~ + b~P] (4)

where the majority of t-s are as before, but the coeffi-
cient bzisnow dependent ordy on the Zlevel factor SNOU
and the terns involvhg interactions betw~n SLEEPY,
M and the Epworth score @SS) have kn replacd by
the term P, the probabfity of fdtig asleep at the wheel
defied by ~tion (l).

7.3 MODEL ~SULTS

73.1 HGV drivers

The ‘best fit’ model for HGV driver accidents b- on the
responses of the 941 drivers (and 241 accidenk) for which
&ta for dl exptiory variables was avdable, is P
sented in Table 19. The Table shows the coefficients
mmponding to equation 2 togetherwiththeirstandard
errors.~eir interpretation along with a brief discussion of
the alternative variabl= and functioti forms explored
during the modetig w~ be presented below.

The ‘multipliers’ shown in Table 19 give an indiation of
tie sensitivity of the accident frequency to changes in the
exptitory variables. me model given by equation 2 is
basidy multipfi=tive. Because of this, the effects of the
exphtory variables m most easfly represented as factors
which mdtiply a base accident frequency - represented in
tie ~t mw of the Table 19 by the ~ident frequency of a
driver of average age who does not have a large mlh size
(CO~=l) whodoesnot snore very night (SNO-1),
and who does not suffer from daytime sleepiness @SS4).
The multiplying factors in hst two mlumns of Table 19are
then the values by which this base accident frquency has
tomultiphd when the explanato~ variables take onvdues
at the practical extremes of their ranges. Since the lowest
Epworth score @SS) is mro, the multiplying factor corre-
sponding to this ford groups of drivers identified by the
mtegory variables SNO= and @L~ is 1 (e~. The
multiplying factor mrresponding to the Mghest value of the
Epworth score has been calculated at ESS = 12- approxi-
mately the 95th perwntile point of the distribution. mere
the coefficient of the-involving ESS is not statistidy
si@-g the W column of the Table contains ‘NS’
signifying that the highest value multiplying factor cannot
be regarded as being significantly different from 1.

The signifi-ce of the multiplying factors can be tius-
trated as follows.A 19y~olddriver (the lowest end of the
age range), with ESS4, would have an accident kbfity
5.3 times the reference driver- i.e. an accident frequency of
O.l@ x 5.3 = 0.87 accidents in a 3-year period. Mterna-
tively, a driver of average age, who snores every night
(SNO_2) and who was judged by tie intemiewers to
have a large co~ar size (CO~=2) would have an
accident kbifity which ranged from the base vrdue (0.164
acci&nts in 3 years) for an Epworth score of zero to a value
of 2.7 times this (0.443 accidents in 3 years) at an Epworth
score of 12.

The explanato~ vtiables considered for inclusion in the
accident model for HGV drivers m discussed in the
following pmagraphs.

(i) Ex~re variabl~ Both annti mileage and the
proportion of ties tiven on motorways were tried as
exphatory vtiables. As expected from the accident tabu-
ktions, neitherproved to be statistidly si~lcant. For the
remr~ annti deage as tie ordy term other b age
included in the model fitted in the functioti form (Acci-
&nts M“) gave a value of a of 0.06 + 0.1.

Ci) Me or dri~ experienw The accident tabuktions
showed that either age or drivtig experien~ are important
predictors of tident Wfity. Age can be fitted in a
numberoffunctioti forms. The reciprocal age term shown
in~ation (2) proved to be effective for bothHGV and car
drivers. Be~use of the high correction betw~ age and
driving experien~ once the age term was fi~ a term
reflecting the number of y- a driver had been driving an
HGV provided no improvement in fit. The age term must
therefore be seen as the combined effect of age and driving
experienm.

Table 19illustrates the size of the agdexperience effec~ A
driveraged 19(the highestvrdue ofthemultipfier) wiUhave
an accident frequency which is over 5 times that of a driver
of average age-d other things being qti. The 65 year old
driver on the other hand (the lowest vrdue of the multiplier)
WMhave an accident frequency which is 40 per ant less
than that of the tiver of average age. This is a very kge
effect and in view of the relativelys~ numbers of drivers
in the extremes of the age distributio~ shotid be treated
with some caution.

Cd) Da-e deepiness in rdation to conar tie and
snori~. Thetoti Epworth score used as a single variable
was just si~cant (5 per cent level) as a predictor of
accidents once age had been includd in the model. How-
ever, there were si~cant diffe=nces in drivers’ sensitiv-
ity to the Epworth score within supgroups of the driver
popuhtiondefinedby the variables ~UandSNOw
vtibles which could possibly be rehted to impaired
night-time sleep. As a resdg Epworth score was much
more effective if incorporated into the model as interacting
with these category vtiables.
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Table 19 shows that for the group defined by SNO~l,
COLL~=l - i.e. tivers who do not snore every night and
do not have a large co~ar size (63 per wnt of the drivers) -
the coefficient of Epworth score is srndl and not signifi-
cantly different from zero. That is to say, the accident
Iiabdities of this group of drivers are not affectti by
daytime sleepiness as measured by the Epworth score. Ml
the other groups are aff~ted. me hgest effect is for
drivers who both snore every night and have large co~ar
sizes (6 per cent of the drivers). For these drivers, those
scoring 12on the Epwoti sde have 2.7 times the accident
liabdity of those who score zero. In fac~ the wfficients of
ESS for drivers whoeitier snore every night or have a large
collar size or both, are statistidy indistinguishable, and
the model could be simplified by combining these groups.

73.2 Car drivers

73.2.1 The modelusing categoryvariablw
~uation 3)

Thebest fit model for car drivers which is bW on the
responses of 3904 drivers who between them had 847
accidents, is presented in Table 20. The Table shows the
coefficients corresponding to equation (3) togetherwith
theirstandarderrors.The interpretationof the coefficients
given in the Table, are presented below.

As in the case of the HGV driver model, the ‘multipliers’
shown in the fiti 2 columns of Table 20 give an indication
of the sensitivity of the accident hability to changes in the

explanatoryvariables,and tie principlesof interpretation
set out in connectionwith the HGV model appfies equally
to Table 20. In tiis - the base amident frequency is that
ofa cardriveraged 48, who drives just over300 times a ya
and in doing so covers 11,380 miles; if this baseline driver
has not felt close to fdlirtg asleep at the wheel in the last 12
months (SLEEPY= l), drives a private @ (C~=l), does
not snore every night (SNOW1) and is not affected by
daytime sleepiness @S=O), then he wi~ have an accident
liabtiity of 0.166 accidents in 3 y- - a figure virtu~y
identid to that of the baseline HGV driver.

The expbatory variables included in tie accident model
for car drivers tie dscussed in the fo~owing paragraphs.

(i) Exposurevariables.Annual mtieage is a very strong
prtiictor of accidents, though as other studies have found
accident frequencies are not proportioti to mileage. The
inco~ration of the frequency of driving ~Q) term in
equation (3)significandy improves the fit of the model. A
simik result was obtained in the analysis of novice driver
accidents @orsyth et d, 1995).

The proportion of mfies driven on motorways, built up and
non-built up roads and the proportion of time the driver
estimated he spent driving in the dark were tried as ex-
phatory variables in the model. Unfortunately, none of
these variables “significantly improved the model fit. As
other studies have shown, these variables do not have large
effects in predictive models of this kind.

TABLE 19

Model coefficients for the rehtionship betwwn HGV accidents, age ofldriver and ‘sleepiness’ variables.

Accident multiphers

Variable N Coefficient Lowest Highest
and Standard Error value value

Constant k 0.0412

Age (AGE) bl 58*8 5.3 0.6

Epworth Sleepiness Score @SS): b,

COLL~=l, SNOR-1 596 o.~ * 0.022 1 NS

COLL~=2, SNOW 1 112 0.065 * 0.025 1 2.18

COLL~=l, SNO~2 175 0.054 * 0.025 1 1.91

C0LL~=2, SNO~2 58 0.083* 0.034 1 2.70

Accident frequency for driver of average age (42)
for whom COLL~=l, SNO~l, and ~S4 is 0.164 per 3 years
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TWLE M

Model coefficients for the relationship between accident involvements, exposure, age of driver
and ‘sleepiness’ variables for car drivers.

Accident mtitipfiers

Variable N Coefficient hwest Highest
and Standard Error value value

constant k 0.0015 .

Exposure -S+12*~@ a 0.43 * 0.06

Age (AGE) b, 28*3 2.4 0.9

Epworth Sleepiness Score @SS): b,

SBY=l, C~=l, SNOml 2200 -0.017 * 0.013 1 NS
S~EPY=l, C~=l, SNO~2 152 0.020 * 0.024 1 NS
S~EPY=l, ~=~ SNO~l 322 0.013 * 0.020 1 NS
S~Y=l, M=z SNO~2 26 0.039 + 0.047 1 NS
S~EPY=2, C~=l, SNOW1 761 0.027 + 0.012 1 1.38
S~~Y=2, Cm=l, SNO&2 77 0.037 * 0.022 1 NS
S=Y=2, ~=~ SNO~l 340 o.~ * 0.014 1 1.70
S~EPY=2, Cm=Z SNO~2 z 0.093 * 0.024 1 3.05

Accident frquency for driver of average age (48) and average armti mileage (11,380)
and average frquency of driving (302 times per year)

for whom S~Y=l, M=l, SNO-1, and ESS~ is 0.166 per 3 years

(i) Age or dri~ ~rienca

The accident tabuhtions showed that age was an important
predictor of accident tiabitity, and the reciprocal age term
shown in quation (3) proved to be the most effective
finctio~ f- for this term. Because of the high correla-
tion between age and driving experience (the number of
years since passing the Ltest) in random samples of driv-
ers, respondents were not asked for their driving experience
in this survey. The age term in eWation (3) - as in the case
of the HGV tiver model - must be seen therefore as the
combined effect of age and experience.

The age effect for cabdrivers, is Mustrated by the multiply-
ing factors given in Table 20. U dl variables other than age
are held constan~ a 19 year old driver wi~ have an accident
habifity which is 2.4 times the base value (the figure shown
in Table 20 under the mlumn headed ‘lowest value’) - i.e.
just under 0.4 accident involvements in 3 y-s, whikt a 65
year old driver wdl have an accident fiabitity which is 0.9
times the basevdue (tie figure showninTable 20 under the
column headd ‘highest value’) - i.e. just under 0.15 acci-
dent involvements in 3 y-. Thm is therefore a factor of
2.7 (2.40.9) bemeen the accident tiabifities of young and
old car drivers in this sample.

(iii) Day-e sleepinessin relationb f- deep at
tie wh~, ~ ~pe and snoring.

The Epworth scores of car drivers when included in the
statistid model as a sin~e variable results in a positive
association with accidents which is smtisticdly si@cant
at the 5 per cent level. However, as in the ~ysis of the
HGV driver accidents, the effectiveness of the Epwofi
score as a predictive variable in the model is considerably
enhanced ifit is used in the interactive form shown in Table
20. The driver data has been grouped into 8 subgroups
using the three 2-level factors S=Y, Cm and SNOW
previously defined.

The magnitude of these sleepiness effects is indicated by
the mfficients b2and the corresponding accidentmdtipfi-
ers in Table 20. It wi~ be immediately seen that due to the
sd sample stis in some of the subgroups, ordy 3 out of
the 8 coeticients are statistidy si~-t at the 5 per
cent level. However, dl three tem (S-Y, M and
SNOM) provide higNy si@cant improvements to the
model when entered interactively with~S as single _
and there is a consistent pattern in the coefficient values
shown in Table 20. MS~=l, M=l, SNO~l is
taken as the reference value for which the coefficient of
~S is -0.017, then membership of any one of the second
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levelgroups incr~s the slope by about 0.03; membership
of any two of the swond level groups incrwes the coeffi-
cient by about 0.06, and for the sub-group SLEEPY=2,
C~=2, SNOG2 the coefficient is increased by 0.11.
That is to say, the sensitivity of accidents to changes in
Epworth score is greater for the 32 per cent of drivers who
have either felt close to ftiing aslwp at the wheel in the ht
12months, or who drive an company car or who snore every
nigh~ it is greater sti~ for the 11 per cent who fdl into two
out of the three ategories, and greatest of dl for the 1 per
cent of mmpanycardrivers who both snore every night and
have felt close to fdfing asleep at the wheel in the past 12
months.

The magnitude of tiese effwts is illustrated by the multi-
plying factors given in Table 20. Sin@ tie lowest value of
~S wfil be =ro for dl drivers, the corresponding ‘lowest
vrdue’ of the exponen~ multipliers will as before be 1(e”).
Those private car drivers (C~=l) who have felt close to
falling aslmp whilst driving (SLEEPY=2) but who do not
snore every night (SNO- 1) have an accident habllity at
the upper end of the Epworth sde (a value of 12 has Wn
used here as for the HGV drivers) which is a factor of 1.38
(38 per rent) higher those scoring zero on the Epworth
scale. Company car drivers who have felt close to frdhng
asleep at the wh~l but who do not snore every nigh~ have
an accident Iiabitity at ~S= 12 which is 1.7 times a driver
who scores zero on the Epwofi scale (70 percent higher),
and the multiplying factor rises to 3 for those company car
drivers who snore and who have felt close to falling asl~p
at the wheel. Thus for this admittedly sm~ group of car
drivers, daytime sleepiness over the range 0-12 as meas-
ured by the Epworth sale, has as large an effect on accident
liability as an incrwe in age and driving experience from
19 to 65. It is noteworthy that the magnitude of this effect
in a drivers is very similar to that in HGV drivers.

(iv) Ob~ity and collar size

In tie HGV driver study, the characteristics of ‘obesity’ and
having a ‘notiwbly hge colk size’ as judgd by tie
interviewers, were significmtiy rekted to the accident
liabdity of the HGV drivers. In the car driver survey,
drivers were asked to record their heigh~ weight and colk
size. Obesity was calculated from height and weight ac-
cording to the Body Mass Index (BMI) given in Bkck’s
Medid Dictionary:

Otity @~ = Weight (h Hograms)Meight2 (i Mere)

In the analysis of a driver accidents, neither obesity or
collar size were significant predictors of accidents. It is
virtually impossible to compare the obesity and collar size
distributions of the w drivers in the present study with
those of the HGV drivers in the eartierstudy, since the HGV
study used subjective category assessments made by inter-
viewers. It may possibly be the case therefore, that the car
driver sample doesn’t contin enough obeseflarge colh

size drivers for any accident association to show through in
the analysis. It is qtily possible that the interviewers in
making their assessment are drawing on characteristics of
the HGV driver population which is not dirwdy related to
the numerid measures of obesity ormlk size as obtained
in the questionntie survey. There is no obvious way of
c~fying this issue.

73.2.2 The modelusing probabilityof falling
asleep ~uation 4)

Thetiternativecardriver accident model based on P - the
probabtiity of falling aslwp at the whml (quation (l)), is
shown in Table21.

The exposure and age effwts are virtually unchanged from
the model of quation (3). The factor SNOM distinguish-
ing those who did not snore every night from those who did
and potentially indicative of a group of drivers with night-
time sleep impairment problems, was not a useful prdictor
of the probability of falling asleep at the wheel (equation
(l)). Nevertheless, it remains significant as a predictor of
accidents in equation (4) as a simple 2-level factor. The
coefficient b2associated with SNO&2 now represents a
simple accident multiplier indicating that car drivers who
snore every night have an accident frquency which on
average is 30 percent higher than hose who do not snore.

The probability of fdfing asleep at the wh~l estirnatti by
equation (1) is a significant predictor ofaccidents, such that
drivers registering a probability of 0.95 on this sde have
and accident liabllity which is 1.7 times those having a zero
probability of falling aslmp at the wheel.

7.4 ESTIMATES OF THE
ACCIDENT EFFECTS OF
SLEEPINESS

Theaccident modelting presented above provides an indi-
r~t way of estimating the ovedl effects of sleepiness on
the number of accident involvement. Supposing the acci-
dent liabilities of dl drivers were reduced to the liabilities
of those who were not affec~d by daytime slmpiness (as
measured by the Epworth scale), then the reduction in the
expected accident involvements for the popuhtion as a
whole, might be considered as representing the contribu-
tion ofsleep-related involvements to the toti. In reality, the
links between daytie sl~piness as mwured by the
Epworth sde and slmpiness as a causal factor in indi-
vidud accidents is not that direct. However, out of interest
the calculation seems worth attempting.

In the case of HGV drivers, if dl Epworth related effects
were eliminated from the model based on quation (2) and
Table 19, accident involvements would be reduced by 16
per cent (corresponding - see 3.1 to 16 per cent of acci-
dents). The corresponding figure for a drivers based on
equation (3) and Table 20 is 6.8 per cent of involvements
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TABLE 21

Mternativemodelcoefficientsfor the relationshipbetwwn accidents,exposure,age of driver
and theprobabilityof fMing asleepat the wheel for w drivers.

Accident multipliers

Variable Coefficient Lowest value Highest value
and Standard Error

Constant k 0.0015

Exposure WLES+12*~Q) a 0.42 * 0.07

Age (AGE) b, 26~3 2.4 0.9

Snore every night (SNOW2) b2 0.28+ 0.12 1 1.3

Probtilhty of
fallingasleep at the wheel (P) b~ 0.52 * 0.21 1 1.7

Accident frquency for driver of average age (48) and average annualmilwge(11,380) and average frequency
of driving (302 times per year)

for whom SNO~l, and P=Ois 0.150 per 3 y-

(comesponding roughly to 9 per cent of accidents). Using
equation (4), and setting the Epworth component of the
probability of fdfing aslmp at tie wheel to zero, the
estimate becomes 7.6 per cent of involvements (approxi-
mately 10 per cent of accidents). In the me of the ~
acciden~ these estimates are very close (probably fortui-
tously) to the proportion of accident involvements assessed
as ‘tiredness related by the tivers themselves (SWTable
lo).

8. S~MARY

8.1 INTRODUCTION

Mthough fatigue is a condition which is not particuhly
we~ defind and may involve a variety ofphysiologicd and
psychologid states, driver ‘fatigue’ is often cited m a
cause of road accidents. Fatigue is hkely to result in
impairti perforrnanm, resulting in an increase in the risk of
becoming involved in an accident. On any pardcular jour-
ney, a driver may suffer from fatigue or slwpin~s for a
variety of ~ons - some associati with the task of driving,
others to do with more gend lifestyle or health factors.

Mthough the identilmtion of sleep related accidents is
problematic, the evidence from ‘in-depth’ studies, suggests
that sleep may be a factor in between 10 and 25 per cent of
accidents, the actual proportion depending on a range of
factors including type of road, time of day and severity of
accident. Studies tiat use ‘officidlyreponed accident dam

- including data relating to injury accidents collect~ by a
number of ~ police forces - produce estimates of the
involvement of fatigue in accidents ranging from 0.5- 3.7
per cent.

In order to obtain information about fatigue or sleepiness as
a factor in accidents from the drivers themselves, two
surveys have been undertaken - one an interview survey of
me Hwvy Goods Vehicle (HGV) drivers and the other a
posti questionnaire survey of mde a drivers. The sur-
veys were designed to obtain self-report data on sleep
related accidents and to determine the relationship between
sleepiness as measumd by the Epworth daytime sleepiness
scale and accident involvements.

8.2 HGV DRIVERS

In tie survey of HGV drivers, just under 1000 HGV drivers
were interviewed at motorway service areas. In the inter-
view drivers were asked about their age, driving experience
and annual mileage, and about the amidents they had
experienced in the last thr~ years. Each driver completed
the Epworth Sleepiness Scale. Medid evidence suggests
that there are certain physical factors which w in some
individuals impair brmthing during night-time slwp, re-
sulting in excessive daytime slwpiness. These factors are
obesity (particularly excess fat around the neck) and pro-
pensity to snore heavily during night-time sl~p. Accord-
ingly, drivers were asked about their propensity to snore at
nigh~ and be interviewers made subjmtive assessments
about whether the drivers were obese and whetier they had
a large colb size.
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me sample of drivers (996 in W) were evenly sprwd across
the 20-60 age range; the average age was just over41. me
drivers covered an average of 69,700 mfles per year, two
thirds of which was on motorways. 205 of the drivers
report~ 252 accidents over a 3-y~ period of which 83.6
per cent did not involve injury. me data has been andysed
to give tabuhtions of average accident frequencies (re-
ported accident involvements per 3 ya period) and by
means of a multivariate statistid model.

me main findings of the analyses maybe summarised as
follows:

(i)

(ii)

Exposure Effects. mere was no statistidly signifi-
cant rektionship between accident involvement fre-
quencies (per 3-year period) and annti mileage or
percentage of driving time spent on motorways.

Age and driving experience. Accident frequencies
are strongly dependent on the age of the driver
drivers in the 17-29 year old age group average 0.44
accidents in a 3-year period compared with 0.15
acciden~ per 3-years for drivers aged over 55. ~is
reduction should be regarded as resulting from the
combined effect of age and driving experience, the
effects of which could not be separately identified in
the analysis.

(iii) Daytim sleepiness. me 37 per cent of the driver
population who either have a large COIM size (as
judged by the interviewers) or who snore every night
- factors which are potentitiy indicative of night-
time sleep problems - have accident liabilities which
incrme with daytime sleepiness as masured by the
Epworth daytime sleepiness scale; drivers in these
groups who score 12 on the Epworth sde (approxi-
mately the 95th percentile point of the distribution),
have an accident liabflity which is twice that of
drivers who do not suffer horn excessive daytime
sl~piness. mere is no statistically significant rela-
tionship between accident involvements and Epworth
score for the other 63 per cent of the HGV driver
population.

me kck of a mtieage effect at these high levels of annual
mileage and the strong negative age effect are not unex-
~ted. However, the relatively smong effect of daytime
sleepiness for those individtis characterised as having a
large colk size or who snore every nigh~ is striking.

me observationsof collar size, obesity and snoring were
made because of a possible link between these characteris-
tics and night-time sleep impairment including at tie ex-
treme, those suffering from sleep apnm. However, since
only about 0.3 per cent of HGV drivers had an Epworth
score of more than 16- a figure which according to Johns

would indicate a Wtentid apnoeic - the present fmdlngs
cannot be interpretti as suggesting that sleep apn~ is a
signifimt muse of accidents. It would appear neverthe-
less, that HGV drivers who tend to obesity, who do have
large colh sires and who snore every nigh~ are over-
represented in accidents, if they dso suffer, for whatever
r-on, from excessive daytime sleepiness.

8.3 CAR DWVERS

83.1 The survey

me posti questionnaire survey of tie car drivers was
basal onjust over4600 responses from a structured sample
of 9000 drivers. In addition to questions about age, expo-
sure, occupatioti group, and propensity to snore drivers
were asked about the acciden~ in which they had involved
in the Mt three ym of driving. In connection with the
latter, drivers were asked whether ‘tiredness’ had contrib-
uted to any accident they might have had. Drivers com-
pletd the Epworth Sleepiness Scale, andindicatd whether
or not they had felt close to fdfing asleep at the wheel in the
last 12months. ~ey were asked to report the methods they
had found helpful in countering the effect of sleepiness
whilst driving. Because company a drivers drive larger
distances than private car drivers - a higher proportion of
which is on motorways - it seemed possible that company
cwdrivers would beparticukly vulnerable to theeffatsof
tiredness. Drivers were therefore ask~ whether they drove
a privately ownti car or a company owned car most often.

me average age of the sample was 48 with a ftith of the
drivers in each of the three mcupatiomd groups ~, Cl
and C2. me average mileage for drivers in the sample was
11,380; not surprisingly, private car drivers drove rather
fewer miles than the average, and company car drivers
driving considerably more miles annually than the average.
me 4621 drivers who responded to this survey reported
1003 accidents overa 3 year period, of which 12.5 percent
were injury accidents.

~le data from this survey has been tabulated in the report
in terms of 4 sub-groups defined by means of two 2-level
factors - SLEEPY and Cm, SLEEPY is a factor which
distinguishes drivers whohadnot felt close to fdting asleep
at the wheel in the past 12 months (SLEEPY=l) from those
who had (SL~PY=2); Cm distinguished those who
mostly drove private WS (C~=l) from drivers of com-
pany owned cars (C~=2). In addition to the tabuktions,
the probability of being close to falling asleep at the wheel
was related to other variables collected in the survey using
a logistic regression. Accident liabilities (the ex~ted
number of accident involvements in the 3-yearperiod) have
&n related to a range of variables using a multivariate
statistid model.
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83.2 Results: tiredness and accidents

(i)

●

●

●

●

(ii)

●

Fding mleep at the wheeL Drivers were asked
abut their experiences of fdhng asleep at the wh=l
and the countermeasures they believed to be benefi-
cial in these circumstan~s. The responses may be
summarised as fo~ows:

29 percent of drivers had felt close to fding asleep
at the wheel in the past 12 months. The reasons given
were gener~y related to drtiness after working or
driving long periods, or involved driving during
unsocial hours.

A third of drivers said that they would normally take
a 2 hour break when ting a long journey and a
further third suggested 3 hours. However, there was
a signtilmt minority of drivers (25 per cent) who
would drive for 4 hours or more before taking a break.

A logistic model showed that the following driver
characteristics are itiuenti in predicting the prob
ability of feeling close to f~ing asl~p at the wheel
(sense of the effect in brackets): Epworth score (+ve),
age (-ve), annual mtieage (+ve), proportion of tie
spent on motorways (+ve) and built-up roads (-ve),
how many hours a driver is prepared to drive before
taking a break (+ve), whether driving a private or
company w (company w drivers have higher prob
abilities than private car drivers) and occupational
group (probabilities are highest for group ~, fol-
lowed by group Cl with C2, D and O having the
lowest probabilities). Depending on these factors, the
probabdity can range from below 0.1 to over 0.9.

The principal methods suggestd by drivers forcoun-
tering the effects of sleepiness were: opening the
window for fresh air (68 per cent), stopping and
taking a W* (57 percent), listening to the radio (30
per cent) and ting to a passenger (25 per cent).
Drinking coffee me fifth, and was advocated by
only 14 per cent of the drivers.

Tiredness m a factir in accidents Drivers were
askti to identify factors which had itiuenced their
role in the accident. The following summarises their
responses:

Tiredness was reported as being a factor in 7 per cent
of the accident involvements in which the survey
drivers had been involv~. Making atlowance for the
fact that about onethirdofaccidents involve two ms,
the 7 percent of tiredness related involvements prob
ably mas that tiredness is implicatti in betw~n 9
and 10 percent of acciden~. The other contributo~
factors cited ~morder of popularity) were: imttention
or distraction (24 percent of accident involvements),
misjudgment (15 per cent), visibility problems (11

●

●

●

per cent), driving too fast (8 per cent), driving too
close to the vehicle in front (7 percent), road surface
fault (6 per rent), road layout fatit (5 per cent) and
lack of skill or inexperience (5 percent).

Twedness as a contributory factor in awident in-
volvements differd sign~lcandy on the three types
of road: on motorways 15 per cent of involvements
were tiredness related (20 per cent of accidents), on
rural roads the proportion was 10percent (14per cent
of accidents), and on buflt-up roads, 5 per cent (7 per
cent of accidents).

Tirdnessas afactorin accidentsdso differed signifi-
candy between the age groups with the older drivers
Ming less Nely to be involved in these accidents.
This isprobablydue to the fact that older drivers drive
fewer miles and are less Wely to be driving when
tired or at inappropriate times of day.

Not surprisingly, tiredness-related accident involve-
ments m a proportion of rdlinvolvements, are greatest
in the early hours of the morning (27 per cent between
midnight and 04.00- corresponding to 36 per cent of
accidents), fdhng to a minimum of 3 per cent (4 per
cent of accidents) in the morning hours (08.00 to
midday) ad rising thereafter through the afternoon
and evening periods.

83.3 Accidents and accident liability

Of the 4621 drivers who responded to this survey, 17.9 per
cent had been involvM in an accident in the last three years.
The overatlaccident frequency (accidents in the last 3 years
uncorr~ted for any accidents which may have been forgot-
ten) was 0.217. However there were large variations in
accident frequency depending on exposure (annti mile-
age and frequency of trip making), age, and Epworth score.
These variations may be sumrnaristi as follows:

● As in the case of the HGV drivers, accident freque-
nciesfell with increasing age. The multivariate model
suggested that a drivers accident liabifity fell from
just under 0.4 accident involvements in 3 ym for a
19year old driver tojust under 0.15 involvements per
3 y- for a 65 year old driver. This ‘age’ effect is to
be regarded as reflecting the reduction in accidents
resulting from the combined effects of incraing age
and driving experience.

“ Accident frequencies increase with both annudmfie-
age and frquency of trip making, though the number
of accidents is not proportional to these variables.
OverW, drivers driving less than 5,000 miles annu-
Wy, had an accident frquency ofO. 120accidents per
3 years, whflst those driving over 30,000 miles
annudy had an accident frequency of 0.435 (see
Table 14).
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● As in the case of tie HGV drivers the effect of
daytime slmpinms asmmurtiby the Epworth tie
was most marked fors~ific subgroups of the driver
popdation. h the case of a drivers the factors
SLEEPY, Cm and SNOW provided signflwt
sub-groupings in this respect. ~ose private car driv-
ers (CM= 1) who have felt close to falling asleep
whikt driving (SLEEPY=2) but who do not snore
every night (SNO- 1)have an accident liabdity at
the upper end of the Epworth scale ~S=12) which
is a factor of 1.38 (38 percent) higher those scoring
zero on the Epworth sale. Company a drivers who
have felt close to fdhng asleep at the wheel but who
do not snore every nigh~ have an accident tiablhty at
~S=12 which is 1.7 times a driver who scores zero
on the Epwofi sde (70 percent higher), and those
company car drivers who snore and who have felt
close to fdhng asleep at the wheel, have at ESS=12,
tiee ties tie accident liability of those who do not
suffer from excessive daytie sleepiness ES+).

In the survey of HGV drivers, obesity, and collar size in
addition to the drivers propensity to snore were found to be
useful identilers of groups of drivers who are sensitive to
daytime sleepiness. me -e characteristics were col-
lectedin the survey ofcardrivers. However, neither obesity
or co~ar size proved to be useful as predictors of accident
involvement frequency. me distribution of Epworth scores
for w drivers was very sirnik to that for HGV drivers. In
the me of a drivers, only 0.8 per cent scored more tian
16on tie Epworth scale, thus qualifying in Johns’ terms as
potential sleep apnoeics. Sleep apnoea seems unlikely
therefore to contribute greatiy to the problem of sleepiness
and accidents for eitier HGV or car drivers.

It is clear however, that for some car drivers there is a
signifimt problem of sleepiness and driving - a problem
which brings with it a rd increase in the risk of accident
involvement. nose most at risk are drivers who are suscep-
tible to daytime sleepiness as maured by the Epworth
scale, and who drive high mileages in company cars,. For
these drivers, theprobabihty of being close to fdhng asleep
at the wheel is tingly high; heir accident tiabllity may
be betwmn 2 and 3 times that of the driver who is not
affect~ by daytime sleepiness.

9. CONCLUSIONS

Ithas always proved difficult from more traditional sources
of accident data to identify the extent of the influence of
fatigue in amidents. ~is study has focused on the rektion-
ship between sleepiness and accidents in fie use of both
HGV and car tivers, and has shown using self reported
dam that ‘tiredness’ or ‘slmpiness’ as m~surti by the
Epworth daytime sl~piness sde is indeed correhted with
accident involvement.

me car drivers themselves are suggesting that ove~,
tiredness is a contributory factor in 7 per cent of accident
involvements (estimated to be between 9 and 10per cent of
the accidents). On motorways, this propotion rises to 15
per cent (20 per ant of tie accidents) and in the wly hours
of the morning the proportion is even higher. ~

Even if the ‘direct’ but subjective evidence of tie car
drivers themselves were not available - or not regardd as
reliable - the signifiwt rektionship between the probabil-
ity of being close to falling asleep at the whml and variables
such as Epworth score, age, annual mileage, proportion of
time spent on motorways, and mupationd group, pro-
vides strong ind~ct support for the involvement of sleepi-
ness as a factor in driving safety.

HGV drivers were not asked about ftiing asleep at the
whml, nor were they asked to assess whether fatigue was a
contributory factor in the accidents in which tiey were
involved. However, for both HGV and car drivers, the
evidence provid~ by the accident analysis for a positive
rektionshlp between accident fr~uency and Epworth score,
provides a convincing indication that sleepiness is indmd
a significant factor in accidents. It has been esdmatd from
the statistid models that if the dependence between acci-
dents and Epworth score were eliminated, HGV accident
involvements would be reduced by 16 per mnt and w
drivers accident involvements by between 7 and 8 percent
(representing about 10 percent of car accidents).

me role of the company car driver is dso clear and
dominant. Company w drivers, who are predomimtely
younger drivers in occupational groups A, B and C 1, who
cover large annual mileages, a high proportion of which
win be on motorways, and who probably travel long
distances after a busy day at times when tirtiness is Uely
to be a problem, have a particularly high probability of
falling asleep at the wheel and a relatively high accident
frquency. Although the constraints of work schedules wtil
often rquire that business (n&d car) drivers travel long
dis~ces at inconvenient times, an awareness by the driv-
ers themselves and possibly by their employers of the
accident consequences of tiedness, could go some way
towards minirnising the road accident risks inherent in this
part of tie job.

It is important for drivers who find themselves in the
position of having to drive whilst tired, tobeable to identify
effective countermeasures. Drivers when asked, suggested
as countermeasures, opening a window, or taking a wW, or
listening to the radio. In the view of many drivers, drinking
coffee is relatively low down on the list of effective meas-
ures. It is clearly necessary to determine as objectively as
possible, the relative eff~tiveness of dtemative potenti
countermemures.

~is study has concentrated on mde drivers. Women
drivers are at prewnt a stiler sector of the driving popu-
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lation and on average they cover considerably ~ler
annti mdeages. However, the number of women drivers
is increasing, and it may be tit the number of women
drivers who are driving company cars on business is in-
creasing also. Whether women are more or less susceptible
to dredness and the consquent accident effwts than their
tie counterparts is not hewn. It would in any case be
rmonable to assume that my advice about fatigue and
driving arising from the studies of de drivers reported
herewoulddso be appropriatefor womendrivers.
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APPENDIX A: THE EPWORTH
DAYT~E SLEEPINESS SCALE

The form of the Epworth sleepiness scale m used when
interviewing HGV drivers was as follows:

“How tikely are you to doze off or fdl asleep in the
following situations, in contrast to feeling tired? Even if
youhavenot done some of these things recently, try to work
out how they would have affected you. Here is a ad with
a sde on it [show card to the driver]. Use the scale to
choose the most appropriate number in each situation; as
you m see, *never, 1 = slight chance of dozing, 2 =
moderate chance of dozing, and 3 = high chance of dozing.”

Item Number Situation Score

1 Sitting and reading o-3
2 Watching TV o-3
3 Sitting inactive in a public place o-3
4 As a passenger in a car for an hour without a break o-3
5 Lying down to rest in the afternoon when circumstances permit o-3
6 Sitting and tiking to someone o-3
7 Sitting quiedy after lunch without alcohol o-3
8 In a car, whtie stopped for a few minutes in traffic. o-3
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APPE~IX B: THE HGV
D~VER SURVEY DATA

B.1 C~WCTEMSTICS OF T~
SAMPLE

Tables B 1and B2 shows the distribution of age and annti
mil~ge of the drivers included in tie sample of HGV
drivers.

As can be seen from Table B 1, drivers were fairly evenly
sprtid over the 20-60 age range; the mean age was 41.4
y-. A wide range of driving experience was dso repre-
sented in the sample; tie mean length of time drivers had
been driving HGVS was 17.6 years. The correlation matrix
shown below shows that age and driving experience were
highly correhted (@relation coefficient 0.86) - a fact
which means mat either age or driving experience, but not
both, can be used as an explanatory variable in the
multivariate accident modelling.

TABLE B1

~ver’s age.

Age Number of drivers

21-29 years 154
30-39 years 283
40-49 years 304
50-59 years 206

60 ym and over 45

Toti 992
I

Annual mdeages reported by the HGV drivers ranged from
4000 to an irnprobtile 275,000 with a mean of 69,700.
Table B shows the distribution to be fairly uniform between
40,000 and 100,000 mfles.

B.2 COLLATIONS BE~EEN
VA~BLES

Table B3 shows the Pearson hi-variate correction coeffi-
cients between some of the key continuous variables.

The high correlation between age and experienm is ex-
~te~ as is the signifimt negative correlation betwwn
accidenw and both age and experien~. The negative corre-
lation between mdeage and age, indicates that older drivers
tend to drive fewer rnfies. -

TABLE B2

Annual Mileage

Annual Mileage Number of subj~ts

up to 39,999 137
40,000-59,999 264
60,000-79,999 269
80,000-99,999 127

100,000 and over 193

ToW 990

TABLE B3

Pearson correlation coefficients.

I NACC MLES AGE WP ESS

NACC 1.00 0.17 -020 -0.17 0.05
M~S 0.17 1.0 -0.07 -0.04 -0.11
AGE -020 -0.07 1.0 0.87 0.04
mP -0.17 -0.04 0.87 1.0 0.01
ESS 0.05 -0.11 0.04 0.01 1.0

Coefficientsin bold ty~ aresignificant at the 5 per cent level or better

where:

NACC - Reportd number of accidents (3-years)
M~S - Annual mtieage (in 1000s)
AGE - Age (y-)
mP - Number of years driving an HGV
ESS - Epworth Sleepiness Sde
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APPE~IX C: THE CAR
D~VER SURVEY DATA

C.1 C~WCTE~STICS OF THE
SAMPLE

Tables Cl to C3 show the distribution of drivers by age,
occupational group, and mileage, dlsaggregated into the 4
groups defined by the two factors SLEEPY (whether a
driverhadorhad not felt close to fdhng asleep at the wheel
in the last 12 months) and CAR (whether a driver drove
mairdy a private or a company -).

Table Cl shows that although the sampling method was
designd to ensure a fairly even sprmd of ages, the ovedl
response rates (find column of the table) show quite large
variations witi age. The lower response rates for the
younger drivers may be pdy explaind by the possibility
that being more mobile, their addresses on the D~A
driver licence file are more Wely to be out of date.

Not surprisingly, most of the over 65 year old drivers drive
private ~. In view of the fact that as Table C5 below
shows, tbeEpworth Daytime Sl=piness Score is positively
correkted with age, it is surprising that the proportion of
drivers who have been close to falling asleep at the whwl
dmhnes for the older age groups. The obvious explanation
for this effect is that although older drivers are more hkely
to suffer from daytime sleepiness than younger drivers,
tiey do not drive as far each year as do the younger drivers
(see Table C3), and do not need to drive at times when they
would beat risk of ftihng asleep at the wh~l.

Drivers were asked to cksify themselves into the 5 ‘Occu-
pational &oup’ categories shown in TableC2 - categories
which had proved in earfier studies to be relevant to
accident liability.

Table C2 shows that the Occupatioti &oups to which the
respondents in the 4 sub-sets of data definedby the vari-
ablesSLEEPY and CAR belong@ differti considerably.
Not s~risingly, a far higher propordon of company m
drivers were in the senior managerial, administrative or
professional group (~) than is the case for private car
drivers. Rather more interesting is the fact that of those
drivers who have felt close to fdfing asleep at the whml
(SL~PY=2), a higher proportion are in the occupatioti
tioup(~) than is thecaseforthose whohadnot feltclose
to fding asleep at the wheel (SLEEPY= 1). This effect
could possibly be explaind by exposure effects - ‘sl~py’
drivers being those ~ drivers who cover the gr=test
annual mflage.

Table C3 shows the distribution of annual mileage among
the drivers illustrating themarkeddifferenm between those
driving private m and those driving company cars. .

Table C4 shows estimates of the propordon of dme re-
spondents in the six mileage bands spent driving on the
three road categories - motorways, roads not in built-up
areas and roads in built-up areas. As can be swn from the
Table, the proportion of milmge driven on rural roads
(roads not in built-up areas) is roughly constanttispective
of mileage. Respondents who drive high mflmges spend
relatively more of their driving time on motorways at the
expense of driving on roads in budt-up arw.

C.2 COLLATIONS BETWEEN
VANABLES

Table C5 shows the Pearson bl-variate correction coeffi-
cients between some of the key continuous variables.

The significant positive mrrektion between accidents
WACC) and botb the exoosure variables ~~ES and—, .

TABLE Cl

Distribution of driver’s age -by whether the driver has felt close to frdling asleep in the last
12 months (SLEEPY=2) or not (SLEEPY= 1) and by type of m driven.

Age band SLEEPY=l SLEEPY=2 Toti

Private Car Company & Private Car Company Car

(Percentage of drivers)

17-24 y- 12 11 18 7 13
25-34 y= 11 19 20 19 14
354 y- 13 20 18 29 16
45-54 ym 15 26 19 32 18
55-64 ym 20 21 16 13 19

65 y- and over 29 3 9 0 20

AverageAge 51 43 42 42 48

Total Nuhers 2784 387 919 401 4561
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TABLE C2

Distribution of respondents by Omupationd Goup - by whether tie driver has felt close to fding aslwp in the last 12
montis (SLEEPY=2) or not (SLEEPY=l) and by type of a driven.

Ocapationd tioup SLEEPY=l SLEEPY=2 Toti

Private Car Company Car Private Car Company @

(Percentage of drivers

~ Senior managefi,
administrative or professional 12 40 25 53 21

Cl Junior managerial,
adminis~tive or professional 16 16 28 24 20

C2 Semi-sWled manual 20 28 19 14 19

D Semi-ski~4 and

unsWled manti work 11 11 9 7 10

0 StudenL housewiftiusban~
retired, unemployed 41 5 19 2 30

Total numbers 2828 387 921 397 4553

TABLE C3

Distribution of annual mileage by whether the driver has felt close to fdting asleep in the
last 12 months (SLEEPY=2) or not (SLEEPY= 1) and by vpe of w driven.

Annual mtieage band SLEEPY=l SLEEPY=2 ToW

Private Car Company Car Private Car Company W

(Percentage of drivers)

Less than 5,000 27 11 11 3 21
5,000-10,000 35 15 24 7 28
10,000-15,000 25 19 34 17 26
15,000-20,000 7 18 15 14 10
20,000-30,000 5 20 11 29 9

Over 30,000 1 17 5 30 6

Average mtieage 8,380 17,790 12,490 24,160 11,380

Total numbers 2793 385 922 398 4570

TABLE C4

Average Permntage of tiving time spent by tivers on thrm types of road by annual mileage

Annual mti~ge band Motorways Roads not in Roads in
built-up areas built-up arm

(Percentage of drivers)

Less than 5,000 15 30 55
5,000-10,000 17 32 51
10,000-15,000 20 33 47
15,000-20,000 26 34 40
20,000-30,000 31 32 37
Over 30,000 42 28 30

Overti averages 21 32 47
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TABLE C5

Pearson correlation coefficien~.

NACC M~S AGE ESS

NACC 1 0.17 0.10 -0.15 0.02
M~S 0.17 1 039 -022 0

0.10 039 1 -0.17 0.02
AGE -0.15 -022 -0.17 1 0.06
ESS 0.02 0 0.02 0.06 1

Coefficients in bold type are significant at the 5 percent level or better

where:

NACC - Reported number of acciden~ (3-years)
M~ES - Annti mfleage
AGE - Age last birthday (years)
FREQ - Frequency of driving (number of occasions per year)
ESS - Epworth Sleepiness S@e

FREQ) is to be ex~ted, as is the negative correction
between accidents~ACC) andage.It isnot surprisingthat
thereisa sti but signifimt positivecorrection between
age and Epworthslwpiness score @SS).

APPENDIX D: DESCW~ONS
OF FATIGUE-RELATED
ACCIDENTS: CAR DWERS

D.1 INTRODUCTION

If a respondent replied positively to tie question: During
the Mt twelve months have you felt close to falling aslwp
at the wheel?, they were asked to describe the circum-
stances associated with this experience. Some drivers pro-
vided spec~lc examples of accident or potential accident
situations, others described in more general terms the
circumstanws in which they had felt close to falling aslwp
at the wheel. Bofi types of comment are included below
(Sections D2 and D3); they are not in any particular order.

D.2 ACCIDENT OR POTENTML
ACCIDENT ACCOUNTS

Individurd driver’s descriptions of their fatigue related
accidents are helpful in giving a r~stic view of how tiis
type of accident w happen:

1. I, with two other drivers was returning home from
Scotid in one go in the mly hours of the morning. I
nearly hit tie Crash Barrier, when I fell asleep at the wheel.

2. Returning home (27 miles) from London on Motor-
way after work then the ~eam, about 11.30/12 midnight
- I dozd off and scraped along the centi barrier.

3. Dark cl- nigh~ some moon, straigh~ familiar de-
restrict~ road, no traffic - lam. After a2hrmotorway drive
and a long day attending a fined, I think the cats ey~
mesmerised me and I started to wander across road; passen-
ger nudged me and I corrected.

4. Driving back from a weekend between Dumfries and
Curnmock, I mounted the verge and woke up. I was listen-
ing to a taped book. me reader had a “smooth” voice and
I think that it may have lu~ed my senses.

5. Up to July 281993, I travelled 55 reties to London
every week day to my school taching job. me ajourney
took approx 90 tins. On the homeward journey I fre-
quendy felt sleepy and on one ortwooccasionsactudy lost
consciousness momentarily, fortunately without causing
an accident.

6. Driving on the M20 my elderly father was fding
asleep (1500hrs) and it seemed to effat me. Ihad had 1pint
only and I just dozed off. I was awakened by the rumble
strip. ~ey are exce~en~ but should be wider.

7. Motorway driving late pm. -having driven to an event
4 hours away. me fatigue occurrd on the return journey.
I was in the centi tie and momentarily dozed. me car
drift~from its main courseandI wmbroughtroundby tie
sound of a car horn.

8. Driving on a dud carriageway at about 2pm on my
own, I feflaslwpat a speed ofroughly 30mph. me road had
a right hand bend, which I failed to negotiate, and drove



straight on, mounting the pavement. This immtiiately
woke me up but I was unable to stop the w and subse-
quendy hit a hppost.

9. After being up dl night waiting to fly home from
hotiday we got into Manchester at 4.30am and sti~ had to
tmvel 150 rnileshome. About hdf way I actu~ly fell asleep
on the M6; I was woken by the a swerving. It must have
only tin a split second but we will never be as lucky again.
We stop~ at the next services for five minutes rest and
woke up three hours kter. When it actually happens to you,
you realise its better being three hours late for work than not
getting there at dl. After being on aplane formaybe6hours
you tiink you can get in a car and drive for another 6- but
you mnot!

10. Driving on the Ml, I felt dozy and thought perhaps I
could make it to the next two Servim Stations. However, I
was spottti by Pofim Car, who stopped me and informed
me that I was swerving from Lane to Lane. They escorted
me to next Service Station with caution, making sure that I
had stop@ to rest before proceeding on.

11. Coming back from Scotid and sitting in a Traffic
queue for 3 or 4 miles in warm dry humidity, then moving
fast again, my eyefids just kept dropping and my head
nodded once or twice.

12. Traveling from Invergordon to Live~l (a long
journey) after working dl day, I fell asleep several times for
a couple of swonds.

13. About 10 miles after passing a service area on Motor-
way I found myself falling asleep (felt perfect when passing
area) and had to force myself to stay aw&e and kwp going,
knowing it is an offenw to stop on a Motorway. ~ls is
where the kw is a ass; it would be better to pull over and
stop, than risk killing oneself and possibly others.

14. Fell aslmp at wheel, drive down and along a grass
bank. Awoke and managed to get car back up onto the
Motorway.

15. Driving along outside hne of motorway and fell
asleep at wheel. Side of car scraped centi barrier.

16. Fell asleep at the wheel while driving tirough town.
Co~ided with rtiings.

17. I was in a massive Motorway jam and accidentily
lifted my foot off the brake with the result that the w
moved 3 yards and hit tiecarin front. I believe I nodded off.

18. Driving to catch Ferry- couldn’t take usudbr@. Fell
asleep and hit curb. No accident (luckily!)

19. I was driving along the Ml when I felt sl~py, the car
went onto the hard shoulder, when I heard the noise of the
line when I was prosing it I awoke.

D.3 CIRCUMSTANCES RELAT~G
TO FALLING ASLEEP AT THE
WHEEL

Rather than descriptions of SPKIC accidents or n=-
accidents, the following are simple statements of tie cir-
cumstances in which a driver has felt close to fdfing asleep
at the wheel

1. Regularly feel very tired whikt driving on long jour-
ney. The only rd remdy is to park up and sleep for about
20 minutes.

2. At night traveling along motorways -it is very hyp-
notic.

3. Arriving by phe at 6am then driving home from
Manchester airport to Formby.

4. Driving home to Cortbridge from Aviemore after a
day’s snowboarding.

5. After working for eight hours and then having to drive
home again for up to 4 hours if I am away from home.

6. Mways during motorway driving after some hours
driving, espectily if I have not eaten during the day.

7. Corning home from hohday driving from Devon to
~inburgh in the early hours of the morning.

8. When driving long distances and within having com-
pleted a day’s work and had to drive 100 plus reties home.

9. After laving a meeting at 23.30hrs for a 2hr drive
home. Hdf way home felt drowsy stopped on hard shoul-
der. Wtied 200mewes up and back set air conditioning as
low as it would go and continued home.

10. After long drive home (in Hampshtie) from Glasgow.
Long delays on M6 near J1O (as usual). No service area
between J 10 and Oxford (via M54, M40). By the time I
reached tie A34 I was witiin 55 mfles of home - didn’t
seem any point in stopping. Those 55 miles were very
difficult due to tiredness.

APPENDIX E: A LOGISTIC
REGRESSION MODEL FOR
FALLING ASLEEP AT THE
WHEEL

Thetabulations of annual mileage by tie factors CAR and
SL~PY in Appendix C make it cl- tit drivers who had
felt close to f~ing asleep at the wheel in the past 12months
(SL~PY=2) were more likely to be high mil~ge drivers



driving compmya. This finding sugges~that itmight be
i~uminating to examine the link between the probability of
Ming close to ftiing asleep at the wheel and the other
variables obtained from respondents in tis survey. Ac-
cordingly, the SLEEPY factor was convemd to a variable
indicating the probability of tie driver belonging to one or
other of the two SLEEPY categories; for those not having
Wn close to f~ing asleep at the wheel (SLEEPY= l), the
new ‘observed’ probability vtiable would be O, and for
hose who have been close to fdting asleep (SLEEPY=2)
the ‘observed’ probability variable would be 1.

Using this new variable as the dependent variable, logistic
regression has &n used to estimate how the probabdity of
falling asleep at the whwl in the last 12 montis depends on
tie variables and factors obtained in the survey. Using
SPSS, a forward stepwise selection procedure was used
with the fo~owing variables as p~ntid explanatory vari-
ables: age, Epworth Sleepiness Score ~S), armuat mile-
age m~~), frequency of driving, proportion of dme
spent on the three types of road - motorways WAY),
roads not in built up areas, and roads in built up areas
(BUA), driving in tie dark, occupational group as a 3-level
factor (003 - distinguishing the ~ group, the Cl group
and the remainder - see 5.3.2 in the main report for defini-
tions), whetier the drivers drove mostly a private or a
company m (tie 2-level factor CAR), whether the driver
snored every night or not (the 2-level factor SNORE),
obesity, colk size and how many hours a driver would
normally drive when making along journey without taking
a bra (BREAK).

Table El (quation (1) in the main report) shows the
resulting regression model based on those variables which
proved to be significant at the 5 per cent level or better. The

Table (and equation (l)) gives tie value of the ‘log odds’
(Z) from which theprobtiltity of fdfing mleepatthe wheel
(P) cm be cdctiated from:

P= &/(1+&)

The goodness of fit of the model shown in Table El maybe
judged from the fact that the initial deviance (3904 data
points) was 4824, whflst the finrd deviance witi 3895
degrees of freedom was 4079. The SPSS goodness of fit
statistic Qenefi- Chi-square) for the find model is
3871, showing tit there is very htie unexplained system-
atic variation remaining after the expbatory variables had
been included.

Table E2 shows the probabdities predicted from the above
regression ~uation as each variable in turn varies from its
5 percentile to its 95 percentile value, W other variables
being freed at the mean for the whole data set; the values in
the body of the Table apply to drivers of private cars, in
occupational groups (OGS) C2, D ad O. The mid-range
probability of feeling close to fdting asleep at tie wheel for
this group of drivers (esdmated at the average values of the
dependent variables appropriate to the whole data set) is
0.20 as shown at the bottom of the Table. Shown dso at the
bottom of the Table are the rehtive probabilities for com-
panyadriversin thesameoccupationd groups (O.26)and
company car drivers in occupational group ~ (0.46)

The Epworth daytime slmpiness score is the single most
sensitive variable, but the exposure variables are dso very
itiuential. Because the proportion of time spent driving on
motorways and on roads in bufit-up areas are not independ-
en~ one range is shown for the two variables in combma-
tion. In fact of course, the time spent on tie different ~s

TABLE El

Regression model prdicting the log odds of falling asleep at the wheel.

Variable Coefficient (Z) S.E.

Constant @rivate car drivers, occupational groups C2, D and O) -1.668 0.229

Epworth Slwpiness Score @SS) 0.135 0.011

Occupational Group:

Senior managerial (~) 0.871 0.097
Junior managerial (Cl) 0.660 0.097

Age -0.023 0.003

Annual milage m~ES) 3.33105 0.44105

Propordon of time spent on motorways WAY) 0.010 0.002

Company car drivers (CAR=2)) 0.330 0.103

Proportion of time spent on roads in Built-up areas @UA) -0.006 0.002

Number of hours driving before taking a break (BREAK) 0.054 0.029

35



TABLE E2

Sensitivity of the probabltityof feehng close to fdting asleep at the wheel to the variables included in the regression.

Variable Permntile range Probtilhty range

Epworth Score @SS) 5%ile O 95 % ile: 12 0.10-0.36

Age 5 % ile 21 95% ile: 73 0.30-0.12

Annti mfl~ge m~~) 5 % ile: 1,200 95% ile: 30,000 0.15-0.32

Proportion of time spent
on motorways WAYS) 5 % ile o% 95 % ile: 70%

Proportion of tie spent on
1

0.15~.32

roads in built-up areas (BUA) 95% ile: 60% 5 % ile 10%

Number of hours driving
before taking a break @W~) 5%ile 2 95 % ile: 5 0.19-0.22

Mid-range probabilities: Private car drivers, OGs C2, D and O: 0.20
Company car drivers, OGs C2, D and O: 0.26

Company car drivers, OG ~: 0.46

of road is not independent of the annual mileage either, so
that for annurd mileage combind with the variables speci-
fying the proportion of time spend on motomays and buflt-
up roads, the prob~lhty P ranges from 0.11 (with M~ES
and WAYS at their 5 percentie values and BUA at its 95
percentie value) to 0.46 with these exposure variables at
the opposite percentie hmits. If to the exposure effects is
added Epworth score, the probabihty range extends from
0.05 for a low mtitige, low ESS driver to 0.65 for a high
mileage,highESSdriver.If in addition, the driver is young,
belongs to one of the otier occupatioti groups, and drives
a company m, tie probability of feeling close to fdfing
asleep at the wheel rises to over 0.9.

Genedly, the model indicates hat M drivers have the
highest probability of fdting asleep at the wh~l even when
the effect of the otier variables fincluding exposure) have
been allowed fo~ junior managers (Cl) have a ratier lower
probability of falling asleep at the wheel, and the majority
of drivers - i.e. those f~ling into the other occupatioti
groups - have the lowest probability. Company car drivers
are more likely to f~ asl~p at the wheel than drivers of
private cars - even when the other factors included in tie
model have been allowed for.

APPENDIX F: STATISTICAL
MODELS FOR ACCIDENTS

ables (accident frequency) and the significant explmtory
variables, (ii) the sampling error associated with the de-
pendent variable, and (iii) the errors due to the lack of fit of
the mtiel. me kck of fit component may arise eitier
-use incorrmt functiorud forms have been used for
those variables included in the model, or-use some key
variables have not been included at dl.

In the ~ of the logistic mtil (Append~ E) the assumed
emordistribution was binomial. In this Appendix the statis-
tical models are fitwd to reported accident frequencies, and
since it is reasomble to treat accidents as though they were
random events, the most appropriate error model is the
Poisson distribution. ~is means that if the model fitted
perfecdy, the actual number of accidents a driver would
experience in a year would be represented by a Poisson
prmss whose mean value is given by the model prediction
(the individurd driver’s accident liability). k fac~ tie
accident models given in this report expMn just over 50 per
cent of tie non-Poisson variabihty in the data. ~is means
that the residu~ are over-dispersed compared witi a pure
Poisson process. ~is over d~persion a be handlti in a
number of ways (see for example, Aitkin et d, 1992). Since
in the present case, tbe over dispersion is not large as a
proportion of tie toti residud variablhty, tie ‘quasi-
like~ood’ approach is u- in which the errors @cdated
by the fitting process are incr- by a factor W2/degrees
of fieedom)os, where X2 is the gentiised Pearson chi-
squared statistic which for a Poisson variable is:

F.1 MODEL STRUCTURE
x = (y- ~)2/~

A statistid model has three components: ~) a systematic
y are the observed values and Mtie fitted values.

component - the relationship betwwn the &pendent vari-
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F.2 FITTING THE MODELS

Themodelshavebeen fitti usingthe GeneralisedLinear
ModeltingpackageGLM4 National AlgorithmsGroup,
Oxford).

To assess whether a new exphato~ variable is worth
includlng in the model, or whether a term is being included
in the most appropriate functional form, goodness of fit is
judged using a likelihood ratio statistic called ‘soled
deviance’. Providing that the mean value of tie dependent
variable is grater than about 0.5 the scaled devianm with
Poisson errors is asymptotidy distributed as achi-squared
variable with n-p 1 degr=s of frdom (where n is the
number of data points and p the number of independent
variables included in the model). men the average mean
value of the dependent variable f~s below 0.5 (as is the
case with accident frequencies in the present study) the
deviance of the find model cannot be US4 as an ovedl
measure of goodness of fit since it cmes to be a chi-
squared variable under these conditions. Instead the gener-
~sed Pearson chl-squared statistic X2 (defined above) is
appropriate. Fortunately, providing over-dispersion in the
data h= been Wow@ for, the deviance differences ob-
tainti whennewtermsaread&d to themodelaresti~chi-
squaredvariablesso a comparisonof deviancedifference
with the approptite point of the chl-squareddistribution
w be used to assess the significance of adding terms or
modifying functioti forms of the terns tieady includ~.
Thus, if only one additiond explanatory variable is being
added to a model, the change in deviance has to rwch 3.84
(the p= 0.05 point of the chi(l)-square d~tribution) to be
significant at the 95 per cent level.

Variables may be introduced into the models as continuous
vtiables or as multi-level factors which are available in the
form of categories within the data. In the ae of factors,
deviance difference is used to assess the usefulness of the
factor as a whole - includlng ti the levels; the signifimce
of the individurd levels have to be assessed using the
standard errors computd by GL~ for the indlvidti
categories.

F3. SOME ASPECTS OF MODEL
DEVELOPMENT

F3.1 INTRODUCTION

The coefficients and their standard errors of the base model
are given in the main repom There are however a number
of aspects of the modelling wotiy of reporting here; they
concern the Epworth Sleepiness Sale, road type effects
and memory loss.

F3.2 THE EPWORTH SCALE

In order to explore the consistency of the individti items
of the Epworth Sde for accident prtiiction, a base model
was fitted to both the HGV md car driver data which
included as appropriate, age and exposm effects. The
indlvidud elements of the Epwofi scale were tien fitted
individually to this base model. The results are shown in
Table F1.

It wtil be seen from Table F1 that with the exception of item
3 for HGV drivers, none of the individti coefficients are
statisti~y signifiat. M but one are however positive -
supporting Johns comment regarding the intemd insist-
ency of the state (Johns, 1992). men combmed the
indlvidud Epwortb responses provide a daytime sleepiness
scale which results in a positive association with accidents
which is just about statistidy signtilmt at the 5 per cent
level when used as a predictor for dl drivers in the sample,
but which proves to be highly significant when applied to
sub-sets of the drivers as discusti in the main report.

F3.3 THE EFFECTS OF ROAD TYPE
FOR CAR DNVER ACCIDENTS

Tables ~ gives some basic statistics rehting to thepropor-
tion of time spent driving on the three road types (motor-
ways, built up roads and non-budt up roads) by the4545 a
drivers reporting @is information.

Since the proportions of time spent on the three road types
must add up to 100 per cen~ when two of the road-type
vtiables are included in the type of statistical model Ming
used in this study to explore accident tiabihty, the third
variable is ‘tilased’. A mmure of the rektive sensitivity of
fie effat of the three road types in predicting accidents w
however be obtained by fitting dl three variables to the
residuals of the accident modeb the coefficients @iven in
Table F2) then become the vduesof the coefficients cin the
following equation:

where the p., p~,and paare the percentage of time spent on
motorways, built up roads and non-built up roads res~-
tively. It wfil be smn thatdthough the sign of tie effects we
as expectti, none of the road-type variables signflcandy
improve the predictive power of the model.

F3.4 MEMORY LOSS EFFECTS

Both the HGV drivers and thecardrivers wereaskti togive
the date of the accidenw in which they had kn involvd.

In the case of the HGV drivers, 252accidents werere@
of which 221 were dated. If it is assumed that age and
experience eff~u wi~ only account for a SW reduction
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TABLE F1

Coefficients and standard errors for components of tie Epworth Sleepiness Sde
once Age and exposure effects have &n Mowed for.

Epworth component HGV drivers Car drivers
How likely are you to doze in the
fo~owing situations: Coefficient S.E. Coefficient S.E.

1. Sitting and reading? -0.02 0.07 0.05 0.04

2. Watching W? 0.03 0.06 0.01 0.04

3. Sitting inactive in a pubhc place? 0.32 0.09 0.09 0.06
4. As a passenger in a car for an hour without bra? 0.06 0.06 0.05 0.04
5. Lying down to rest in the afternoon

when circumstances permit? 0.07 0.06 0.06 0.03
6. Sitting and -g to someone? 0.01 0.23 0.17 0.10

7. Siting quiedy after lunch without alcohol? 0.10 0.07 0.02 0.04

8. In a car while stopped for a few minutes in traffic? 0.23 0.20 0.04 0.10

TABLE F2

Proportion of driving time by road type as predictors of accident liabflity

I Proportion of driving time Model results
Mean S.D. Minimum Maximum Coefficient S.E.

I
Motorways 21.0 19.8 0 100 -0.0001 0.001
Built up roads 47.2 23.8 0 100 0.001 0.001
Non bufit up roads 31.8 21.9 0 100 -0.001 0.001

in accidents over the period of three years, and that there
have not been dramatic changes in driving patterns, it is to
be expected that the number of accidenw occurring in the
three individu~ y- of the survey would be much the
same. In fac~ the proportions of the 221 accidents ascribed
to the three separate years of the red period were respec-
tively 62.4 per cen~ 22.2 percent and 15.4 percent for the
most recent ya, tie next most recent year and the yw
before tha~ ~ese figures indicate hat there is a large
shortf~ of reported accidents in the earlier years- presum-
ably due @ hpses of memory on the part of the drivers. In
fac~ as wi~ be seen shofiy, the memory loss effect for
HGV drivers is considerably grater than was tbe case for
car drivers.

me poor rem of HGV drivers’ accidents suggests that
there is htie benefit for surveys of this kind in asking
drivers in interview surveys to provide seti-report data
about accidents over a period of more Wanone year. It dso
means that the absolute accident rates reported in the
fo~owing section - based on the ‘nominti’ three year toti
- are Wely to be about hdf the true rates. Fortunately, an

investigation of the interaction betw~n memory loss and
tie other signtilcant accident predictors shows hat the
resdts of the analyses reported in tie main report have not
kn influenced by ‘tiese forgotten accidents.

In the case of w drivers, of the 1003 accidents report~
852 (85 per cent) were satisfactorily dated. In this rose, the
proportions of the datti accidents ascribed to the three
separate y-of the redl period were respectively 44.6
per cen~ 33.5 percent and 21.9 percent for the most rwent
yw, the next mostrwent yearand the ymbefore tha~ ~is
imphes that the memory loss effect for the car drivers
averages about 29 per cent per year - a value not signKl-
canfly different from that found in a study of m driver
accidents ~aycock and Lockwood, 1991). me poor recall
of car drivers’ accidents means that the true accident rates
are likely to be about 1.7 times those basal on the number
of accidents rwdled by drivers in the thr~ year period.
Fortunately, as in the case of HGV drivers, memory loss
effects have not influenced tie relationship between acci-
dents andtheexplanatory variables includedin the accident
models described in the main report.
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F4 MODEL: GOODNESS OF FIT of frdom. The difference between the initial value of chi-
square and tie number of degrees of freedom can tierefore

Table F3 gives the value of generM@ chi-square (see F1 be regarded as tie non-Poisson vtition in tie data to be
above) for boti tie HGV and car driver accident models explained by the model. The fti vrdueindi- the magni-
with only tie overall mean fitted (tie initial value), and for M of W tidti non-%i variationwhich remains after
the find ‘best fit’ model. On average a Poisson data set will the model has kn fiti. The percenmge of non-Poisson
provide one unit of generalised chi-square for every degree variation exptined is then cdculatti fmm hese values.

TABLE F3

IniW and find vtiues of generalised chi-square

HGV model Car driver model

IniM value 1153 4808
Degrees of frwdom 940 3904
Find value 1035 4334
Degrees of frmdom 935 3893
Percentage of non-Poisson variation exp~lned 54% 52%
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