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Abstract

Sespiness is a sgnificant contributor to car crashes and deepiness related crashes have higher
mortdity and morbidity then other crashes. Young adult drivers are a particular risk for
deepiness related car crases. It has been suggested that this is because young adults are
typicaly deepier than older adults because of chronic deep loss, and more often drive a
times of increased risk of acute deepiness.  This project amed to determine the rdationship
between deep and driving paterns in young adult drivers. Three edimates of the risk of
driving while degpy were cdculated from the datas 1) a mode incorporating known circadian
and deep factors influencing deepiness, 2) time-of-day accident datidics and 3) sdf-
reported deepiness.  Attitudes and behaviours toward driving and deep were aso assessed.
Reaults from each modd suggested tha young drivers frequently drive while a risk of
crashing, a& times of predicted deepiness and a times they fdt themsaves to be deepy. The
reults of this dudy will hep preventaiive programs to specificdly target factors leading to
increased degpiness when driving.
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EXECUTIVE SUMMARY

Sespiness is a dgnificant contributor to car crashes and deepiness rdaed crashes have
higher mortaity and morbidity than other crashes. Young adult drivers are a particular
risk for deepiness related car crashes. It has been suggested that this is because young
adults are typicdly deepier than older adults because of chronic deep loss, and more
often drive & times of increased risk of acute deepiness. This project amed to determine
the relaionship between deep and driving péterns in young adult drivers  Three
edimates of the risk of driving while deepy weae cdculaed from the daa

1) a modd incorporating known drcadian and deep factors influencing deepiness,
2) timeof-day accident datidics and 3) <df-reported deepiness  Attitudes and
behaviours toward driving and degp were dso assessed.  Reaults from each mode
suggested that young drivers frequently drive while a risk of crasing, a times of
predicted deepiness and a times they fdt themsaves to be degpy. The reaults of this
sudy will help preventative programs to specificaly target factors leading to increased
despiness when driving.



INTRODUCTION

Sleepiness' is a significant contributor to crashes’. Slegpiness has been identified as a
mgor risk factor in motor vehicle accidents (NTSB, 1990,1995; Horne & Reyner,
1995a,19950; Phillip, Tallard, QueraSdva, Bioulac & Akerstedt, 1999). However, the
edimated proportion of automobile crashes caused by deepiness varies condderably. A
meta-anadlyss of reported crash daidics by Lyznicki, Doege, Davis and Williams (1998)
suggested deepiness as a causdive factor in 3% of dl motor vehicle crashes in the U.S.
However, most recent commentary suggests that that these figures are underestimated
(Akerstedt, 2000). For example the proportion of dl highway vehide accidents reated
to despiness in Ity has been edimated as 22% (Garbarino, Nobili, Bedke, Phy &
Ferillo, 20001), while the contribution of deepiness to accidents occurring a night has
been edimated as18.6% in a Norwegian sample (Sagberg, 1999). Horne and Reyner
(1995h) etimate that deepiness was a contributing factor to between 16 and 23% of al
accidents in the UK. A consensus datement on the contribution of deepiness to
trangport accidents (Akerstedt, 2000) identified Seepiness as ‘the largest identifiable and
preventable cause of accidents in transport operations (between 15 and 20% of all
accidents), surpassing that of drug or alcohol related incidents in all modes of
transportation’, induding non-commercid  transportation. Further, deepiness related
crashes are likely to be more severe than other crashes and are more often faid (Haworth
et d., 1988; Horne & Reyner, 1995h).

Young adults crash more than older drivers and more of their crashes are related to
sleepiness. Young adults (aged 15-24) make up 15% of the Austrdian populaion but
account for 31% of crash fatdities (Triggs & Smith, 1996). Smilaly, the 16-20 age
group mekes up 7% of the U.S population, but accounts for 14% of al motor vehicle

! Used as the reciprocal of alertness, but not strictly interchangeable with fatigue. Fatigue refers to processes such as
bodily feelings of energy depletion and muscular aches and pains, while sleepiness reflects an individual's propensity for
sleep.

2 Used interchangeably with motor vehicle accident



crash fatdities.  Further, motor vehicle crashes are the leading cause of death in this age
group inthe U.S. (NCSCR/NHTSA, 1999.)

Younger drivers are at @rticular risk for deepinessrelated crashes, Young adults
ae more likdy to be involved in fdl-adeep crashes than older drivers, and account for
amost twothirds of deepiness relaed crashes (Hormme & Reyner, 1995b; Maycock,
1996). Drivers younger than 30 years are four times more likdy to have deepiness
related crashes than drivers aged over 30 (Knipling & Wang, 1994), while Pack, Pack,
Rodgmen et d., (1995) identified the peak age of occurrence in deepiness related crashes
as 20 yeas, with 55% of dl deepiness rdated crashes occurring in individud aged 25
yeas or less  Fndly, Lyznicki, Doege and Williams (1998) edimaed that most
despiness related crashes involve non-commercia traffic (96%), rather than commercid
trangport, and identified youth as a particular risk factor for degpiness-related crashes.

Sleepiness leads to crashes because of predictable impairments in skills required for
safe driving. Segpiness is characterised by diminished dertness (eg. Carskadon &
Dement, 1979; Hama & 4d., 1998), and diminished cognitive performance (Thomas,
Sing, Bdenky e d., 2000). Not only is performance impaired on measures of reaction
time, vigilance and dtention (eg. Dinges & Kribbs 1991; Kribbs & Dinges 1994; Dinges,
1995; Horne, 19988, Gillberg & Akerstedt 1998), but dso on more complex messures of
decison making and judgment (eg. Harison & Horne, 1999). These peformance kills
are essntid for operating amotor vehicle safely (Dinges, 1995).

A reatively small degree of deep loss can lead to significant impairment of
performance. Lamond and Dawson (1999) reported performance impairment on a range
of taks asessng neurobehaviourad function after gpproximatdy 17 hours of
wakefulness.  Significartly, they reported that the performance impairments on these
tasks after 20 hours of wakefulness were equivdent to those observed a a blood dcohol
concentration of 0.10%. Arendt, Wilde, Munt and McLean (2001) dso found the ability
to mantan speed and road podtion on a driving Smulator is dgnificantly impared when
the awake period is prolonged by 3 hours. The magnitude of the decrements were smilar



to those found a, and above the legd limits of dcohol consumption (0.05%). Smilar
levels of decrement in driving performance have been reported by Powell, Schnechtman,
Riley, Li, Trodl and Guilleminault (2001). These dudies indicate that moderate leves of
degpiness can ggnificantly impar the ability to drive safdy, even before the individud
actudly fals adeep.

The timing of crashes related to sleepiness is predictable. Time of day is a strong
influence on driver deepiness and subsequent crash risk.  Crashes dtributed to the driver
having falen adegp occur primaily in the hours from midnight to 7.00 am., and during
the mid-afternoon. These are periods during the 24 hour day/night cycde of incressed
degpiness (Pack, Pack, Rodgmen, Cucchiara, Dinges & Schwab, 1995). However,
degpiness while driving is much grester during the night then during the day, with
drowsness pesking in the hours from late evening until dawn. The increased risk of
degpiness related crash during the nighttime hours is paticularly evident among younger
drivers.  In comparison, drivers aged over 45 have fewer nighttime crashes, while drivers
aged older than 65 are mod likdy to have deepiness rdaed crashes during the mid-
afternoon (Pack et d., 1995; Wang, Knipling, Goodman, 1996).

The time of day didribution of crash occurrence is likedy to reflect biologicd deep
propendty in addition to demogrephic rdated driving paterns.  Modds of degpwake
regulation incorporate an interaction between circadian and degp homeodaic factors.
(Borbdly, 1982: Daan & Beersma, 1984). The two-process modd of degp regulaion
(Borbdy & Achermann, 1999) describes this interaction. The fird component of this
model is a homeodatic process Homeodass refers to a biologicd need for deep tha
rses during wake (increesng deegpiness), and fdls during deep (decreasng deepiness).
The second component is a circadian process. The circadian pacemaker is a clock-like
mechanian with a cyde of agoproximatdy 24 hours. It functions to regulate periods of
increesed and decreased degp propendty, largely independent of the homeodatic need
for deep. The two-process modd suggests that homeodtatic factors (increased by chronic



and acute deep loss) and circadian factors (time of day of driving episodes) determine
degpiness a agiven point in the day.

Young adults are deepier than older drivers when driving because of chronic
deepiness and the time of day of driving episodes. Young drivers are more likdy to
expaience despiness, and ae dso more likdy to be driving a times of incressd
despiness (Horne & Reyner, 19953). Philip @ d (1999) evduated the degree of deep
deprivation experienced by French drivers. They found that being young was a factor
ggnificantly associated with deep debt.  Specificdly, young drivers reported that they
restricted their deep in the previous 24 hours to a greater extent than older drivers.

Young adults are deepy due to chronic predisposing factors, and to acute factors.  Factors
contributing to increesed chronic deepiness in this age group identified by Caskadon
(1990) include maturationa changes that increase the need for deep, changes in deep
paiterns that reduce nighttime degp or lead to circadian diguptions and culturd and
lifetyle factors leading to insufficient deep. These lifestyle factors reflect the demands
of scthoolwork, pat-time jobs extrecurricular activities and laenight soddizing.
Specific behavioura factors, such as driving between midnignt and 6 am., ae more
common in this age group and further increese therr exposure to driving while deepy
(Carskadon, 1990). Thus, young drivers have both an increesed homeoddic drive to
deep, and an increased chance of driving when circadian drive to deep isaso high.

Sleepiness when driving can be predicted by models that incorporate deep
homeostasis and circadian components of deepiness. Modds of dertness and
performance while awake have been developed from the earlier degp regulation modds
(Folkard & Akerstedt,1992; Achermann & Borbdy, 1994; Czeider et d., 1994; Jeweit et
d., 19963, 1996b). For example, the subjective dertness mode of Folkard and Akerstedt
(Akerstedt & Folkard, 1987; Akerstedt & Folkard, 1990, Folkard & Akerstedt, 1992
Folkard, Akerstedt, McDondd, Tucker & Spencer, 1999) involves a homeostatic
component that rises during deep and fdls during wake (Process §) and a snusoidd 24-h
circadian component (Process C) and an additiond component representing deep inertia



(Process W). Aletness (deepiness) a a paticular time can be predicted by the

arithmetic sum of these three processes

Seep inetia refers to reduced levels of dertness observed upon awakening (Dinges et d
1981, Bonnet, 1993; Bonnet and Arand, 1995, Jewett et d., 1999c). Dinges (1990)
suggested that deep inertia lasts for 1-20 minutes. However, Jewett, Wyatt, RitzDe
Cecco et d. (1999) found that subjective dertness and cognitive throughput scores could
be impared for more than 2 hours after waking, even in subjects who were not deep
deprived and were deeping at their habitua times. Ferrara and Gennaro (2000) suggest
that cognitive tasks that require more atention seem to be much more affected by deep
inertia than smple motor ones, performance accuracy being more impared than Speed.
Seep inetia may therefore represent an important component of a modd of deepiness
and driving.

The homeodtatic component of these modds (Process S) is determined by the amount of
prior deep, and increases with deep loss. Sleep loss of 2-3 hours a night contributes to
increesed deepiness across the day (Carskadon & Roth, 1991; Dinges et d., 1994).
Further, deep loss is cumulative and repesied deep loss leads to ‘deep debt,
exacerbating these effects (Carskadon & Roth, 1991; Dinges & d., 1994). Jewett and
Kronauer (1999) have presented a recent modification of the three-process modd. This
modd incorporates process S, process C and process W to provide estimates of subjective
degpiness and cognitive throughput.  This modd dlows rdative deepiness a particular
times of the day to be etimated. Specificdly, this mode dlows the reative deepiness
experienced during a particular driving episode to be estimated.

In summary, car crashes are a mgor cause of deah and injury in young drivers
Seepiness contributes  dgnificantly to crashes.  Young drivers are more deepy while
driving than older drivers and have more deepinessrelated crashes. Slegpiness during a
gpecific driving episode can be predicted from modeds that incorporate time of day and
dep loss. Spedificdly, degpiness, and the subsequent risk of crash, can be predicted in



young drivers if both ther degp and thar driving pattens are recorded. Exposure to risk
of a degpiness-related crash can then be caculated.

Seiness is a factor ggnificantly increesing the risk of crash in young adult drivers
However, the particular interaction of degp behaviours and driving patterns that leads to
increased deepiness while driving needs to be determined. Measuring degp and driving
patterns smultaneoudy across time provides a measure of deepiness and crash risk tha
can be compared to the risk percaived by individud drivers. The bediefs and atitudes of
young adult drivers toward deepiness and driving risk dso need to be assessad in
conjunction with their actual degp and driving petterns.

AIMS

The am of this sudy was to esimate exposure to risk of crashes as a consequence of
degpiness in a young adult population. Actud desp behaviours and driving patterns
were assessed over a four-week period. Exposure to increased risk of deepy driving was
edimated usng three methods. The firg involved goplication of a degpiness modd
based on time since awakening and circadian phase. The second was based on published
crash ddidtics for this age group, and the third was based on sdf-reported degpiness and
percaved risk of crashes. The am was to determine what proportion of driving episodes
in young subjects would occur a times a which drcadian phase and deegp deprivation
lead to increased deepiness.



METHOD

Sample

Young adult drivers were recruited from the generd population via advertisement. The
incluson criterion for participation was age between 18 and 25 years, and ownership or
unrestricted access to a vehicle.  Paticipation was open to drivers with provisond
driving licensss as wel as those with unredtricted licenses. Paticipants were
compensated for their time ($160 AUD).

A sample of 50 young adult drivers was recruited for paticipation. The mean age of
participants was 21.4+1.6(SD), with a range of 18-25. 55% of the sample was female.
87.2% of the sample reported ther rdaionship daius as ‘sngle, 12.8% ‘maried or
cohabiting’. 83% of the sample was engaged in full-time or part-time sudy. Mean body
mass index (BMI) of the sample was 23.6£3.2(SD).

Materials

Two sats of ingsruments were used. Initidly a number of quedtionnares were
adminigered to characterise the participant’'s current driving habits and bdiefs about
driving, and to assess ther current degp habits and the presence of potentid deep
disorders. The second set congisted of a deep diay and driving diary which participants
completed over afour-week period subsequent to the initid assessment.

Driving Habits

The Driver Attitude and Behaviour Questionnaire (DABQ, Mills, Hal, McDonadd &
Rolls 1998; adgpted from Parker, Reason, Mangead & Stradling, 1995; Parker, Stradling
& Mandead, 1996) was used to asses prior driving experience, beiefs about driving and



crash risk, and sdf-reported driving behaviours. The DABQ consists of items assessng

driver behaviours, and items assessing driver attitudes.

The driver behaviour questions record sdf-reported frequency of problematic driving
behaviours. The driver attitudes quedtions record dtitudes toward problematic driving
behaviours. These behaviours indude lgpses, errors and violations.  Lapses are defined
as ‘absent minded behaviours with consequences for the perpetrator but pose no threet to
other road usas. Errors are defined as ‘typicdly migudgments and falures of
obsarvation that may be hazardous to others, while violaions were defined as ‘deliberate
contraventions of safe driving practices .

Sleep Habits

Four <df-report messures of deegp and deep disturbance were administered to
paticipants. The particular questionnaires were sdected because they have received wide
usage, and assess a range of factors associaed with  deep, including daytime
consequences and psychologica sequelae of disturbed deep.

The Seep Imparment Index (S, Morin, 1994) is a sdf-report instrument that dicits the
ubject’'s perception of the levd of severity, disress and imparment of daytime
functioning associated with his or her inscomnia  The SII comprises five items assessing
sveity of degpons, degp mantenance and ealy morning aweakening problems,
sidaction with current degp peatterns,  interference with  daily  functioning; how
noticegble impairment due to deegp problem appears, and leve of digtress caused by the
deep problem.

The Seep-Wake Activity Inventory (SWAI, Rosenthd et d., 1993) is a 59 item <df-
report measure of deepiness. It comprises 6 factors excessve daytime deepiness,
psychic didress socid desrability; energy leved; dbility to rdax; and nocturnd deep.
This inventory was desgned specificdly to identify excessve daytime degpiness and has
been vdidated againg MSLT (Rosenthd et d. 1993).



The Seep Disorders Questionnaire (SDQ, Douglass et d. 1994) is a 176-item
guestionnaire designed to assess the presence of common deep disorders. It comprises
four man factors deep agoneg; narcolepsy; psychiaric degp disturbance and periodic
limb movement disorders. The authors date that the quedtionnare is designed for
diagnoss rather than description of deep disorders (an unpublished manud is avaldble
from the authors).

The Dydunctional Beiefs and Attitudes about Sleep Scde (DBAS, Marin, 1994) is
designed to assess deeprdated cognitions. It comprises five item types misconceptions
about the cause of insomniaz misatributions about the consequences of insomnig;
unredidic expectations about deep; control and predictability of degp; and midaken
beliefs about deep promating behaviours.

Continuous assessment of sleep and driving patterns

Subjects were asked to complete the Rittsburgh Seep Diary (Monk, 1994) each morning
during the sudy. Seep parameters recorded in the diay included daly deepwake
schedule (deep time, wake time, degp duration), ngoping, and levels of degpiness upon
waking.

Subjects were asked to record each driving episode, no matter how brief, each day in a
driving diay. An example of the diay is shown in the agppendix. The behaviours
recorded in the driving diary induded time of day of each episode subjective degpiness
and subjective risk of crash. In addition, subjects were asked to record additiond risk
factorsincluding use of dcohol and other drugs or medications.

10



PROCEDURE

On responding to an advertisement, paticipants atended the deep laboratory for
briefing, completion of informed consent, initid assessment and didribution of degp
driving diaies The initid assessment comprised the intake questionnaires, which took
from hdf an hour to an hour to complete. Participants were required to paticipate in
weekly interviews to ensure compliance with the diary protocol and data integrity, and to

return the diaries each week.

RESULTS

Data treatment

Sleep questionnaire data for the SDQ, DBAS, SlI and SWAI were scored according to
the indructions outlined by the respective authors (Rosenthd et d., 1993; Morin, 1994;
Douglass & d., 1994). Seep diaies and driving diaries were coded into a custom
desgned database for andyss. The SPSS computer package was used for datistica

anayses.

Sleep Questionnaire data

Mean responses to the SDQ are depicted in Figure 1. All scores were regarded as valid.
The data suggests that the participants were relaively free of indications of Segp Apnea,
Narcolepsy or PLMS. Further, few participants were above clinical cutoff values for
these disorders. However, gpproximatdy hdf the sample had responses suggestive of
difficultiesinitiating or maintaining deep.

Condgent with this the mean response to the 30-item DBAS was 37.2t 25.5(SD).
Previous work has suggested that a cutoff of 34.9 has high sengtivity and specificity for

11



inomnia in this age group (Smith & Trinder, 2001). Indeed, goproximady hdf of this
sample responded with a pattern of degp complaints suggestive of insomnia usng this
cut-off value. However, the mean sample response to the SII was only 5.1+ 3.1(SD), the
SI cutoff score being 14 (Smith & Trinder, 2001). Mean responses to the SWAI ae
depicted in Figure 2. Mean EDS score in this sample would not lead to a cassfication of
increesed deepiness (to the level of a deep-disordered patient) using published criteria
(Rosenthd, Roehrs & Roth, 1993). Therefore, while this sample reported a range of
beliefs and attitudes about degp that were ‘dysfunctiond’, their overdl ratings of the
impact of deep problems on their day to day functioning was low.

40 7

. T [

15 1

10 7

SLEEP APNEA NARCOLEPSY PSYCHIATRIC DIMS PLMS

Figure 1. Mean SDQ scale scores for young adult sample. Error bars represent standard
deviaions. Dark bars represent suggested cut-off values for each scae.
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Sleepiness

Figure 2. Mean SWAI scale scores for young adult sample. Error bars represent standard
deviations.

Driver Attitude and Behaviour Questionnaire Data

Driving patterns

The mgority of the sample (59.6%) owned the car they usudly drove, 34% drove a car
owned by thear paents, and 6.3% drove a ca owned by a friend or patner. 51% of
sample had access to, and drove, vehicles other than the main vehicle. The mean number

of years driving was 4.0t 2.3(SD), with 2.8t 2.0(SD) years snce ganing thar license.
Edimated number of kilometres driven each week was 1380 *108.6(SD), with the
edimated totd number of kilomeres driven beng 25023+ 30119(SD). The mesan
number of professond driving lessons before ataining ther license was 10.2 (6.9)

13



Lapses, errors and violations

Mean scores for each of the origind items rdating to participant report of lapses, errors
and violaions in the DABQ ae shown in Table 1. Also indicated in this table are the
scoes for equivdent items reported by previous investigators for Audrdian femde
drivers aged 19-24 years (Dobson, Brown & Bal, 1998; Dobson, Brown, Bdl, Powers, &
McFadden, 1999), and for U.K. mdes and femaes aged 17-40 years (Lawton, Parker,
Stradling & Mangead, 1997). This data indicated higher mean frequency ratings for
violaions and lgpses in this sample than reported in other samples of this gpproximate

age group.

Subjects were dso asked to what extent they agree or disagree with $atements regarding
atitudes toward cars and driving (Table 2), to rae to wha extent hedth behaviours and
pesond vaues were true (Table 3), to rate how serioudy they viewed particular
behaviours (Table 4) and to rate the importance of behaviours that might cause road
traffic accidents (Table 5).

Daa from the DABQ suggeds tha the participants in this sample reported more
violaions and lapses than paticipants in previous dudies. Paticular items rated
rdativdy highly were dgegading speed limits a night; ddiberady driving dose
behind dower drivers to encourage them to speed up; midekenly taking the wrong exit
from a roundabout: and, forgetting which gear you are in and having to check with your
hand. The paticipats raed drink driving as a paticular serious behaviour, and rated
items regarding safe driving and wearing seetbdts more highly than items regarding risk
taking. They rated ‘driving when tired as less serious than ‘drink driving', ‘driving too
fast’ and ‘indttention’ as a contributor to road accidents.

14



Table 1. Mean and Standard deviation for ‘violation’, ‘lgpse and ‘error’ items on the
DABQ scde: comparison with previous research data

Responses Previous dataPrevious data

ITEM Mean+SD (1) 2)
Violations
Deliberately disregard speed limits late at night 4.0+1.8 1.60+£1.24  2.59+1.37

Take a chance and go through traffic lights that have
just turned red when you could have stopped
Become impatient with a slow driver in an outer lane
and overtake on the inside

Deliberately drive close behind a slow car to 3.5+3.2
encourage them to speed up

Get involved in unofficial ‘races’ with other drivers 2.4+1.70 0.42+0.71 1.22+0.62
Drive when you realize you might be over the legal 21+1.4 0.32+0.62 1.16+0.52
blood alcohol limit T T T

0.0£0.0 0.48+0.73 1.63+0.86

2.7+x1.3 1.48+1.19 2.05+1.16

1.14+1.18 1.75+1.00

Lapses
Mistakenly take the wrong exit from a roundabout 3.9£1.7 0.57+.74
Intend to switch on the windscreen wipers, but use 3.0+1.3 0.77+.84
the wrong switch or suchlike
Forget where you left the car in the car park 2.7+2.1 1.18+1.08
Inadvertently get into the wrong lane at a junction  0.0£0.0 1.02+0.81
Errors
Forget which gear you are in and have to check with 4.0+1.8
your hand
Plan your route badly and drive further than was 25+1.7
necessary
Overtake in a situation which you realize is slightly 27415
risky
Miss your motorway exit and have to make a lengthy 2.8+3.3
detour

Items rated from 1 (Never) to 7 (Nearly all the time)

(1) Dobson, Brown & Ball, 1998
(2) Lawton, Parker, Stradling & Manstead, 1997



Table2. Mean (and SD) for ‘hedlth behaviours and persond values' items on the DABQ

ITEM Mean+SD
I take regular exercise to stay fit 4.3+1.8
I have regular dental check ups 3.6%1.8
Regular drinking is bad for your health 4.1+1.7

Items rated from 1 (Not at all) to 7 (Completely)

Table 3. Mean (and SD) for * Assessment of different behaviours' items on the DABQ
scade. Items were rated for level of seriousness.

ITEM MeanzSD
Smoking in a non-smoking area 5.0+1.7
Parking on double yellow lines 4.7+1.6
Drink driving 6.7+0.8
Being drunk in public 3.6x1.5
Shoplifting 54+1.2
Playing loud music in a public park 3.0£1.4

Items rated from 1 (Not at all serious) to 7 (extremely serious)

16



Table4. Mean (and SD) scores for ‘ atitudes toward cars and driving' items on the

DABQ scale

ITEM Mean+SD
| feel excited when | get behind the wheel 4.0x1.5
The best drivers are skilful drivers 5.2+1.3
The majority of accidents occur by chance or bad luck 2.4+1.3
I will insist that every passenger fastens their seatbelt 5.9+1.5
One or two minor accidents in the first few years of driving are inevitable and will not bother

me 3.5£2.0
I would like to own a fast and powerful car one day 5.0£1.7
I would not normally go out for a drive just for enjoyment 3.8+2.0
| occasionally take risks to impress passengers 2.9+1.8
It is OK to speed if traffic conditions allow you to do so 3.7+1.8
I enjoy talking about cars and driving 3.1+2.1
Few of my friends are interested in cars and driving 4.7+1.7
I like to test out the limits of my car 3.3£2.0
It is OK to drive faster than normal if you have a high performance car 2.4+1.6
The best drivers are safe drivers 58+1.4
I am interested in motor sport 2.5+1.8
I will have my car regularly serviced by a qualified mechanic 4.7+1.5
I think that taking the occasional risk whilst driving will be exciting 3.6%1.8

Items rated from 1 (Strongly disagree) to 7 (Strongly agree)

Table5. Mean (and SD) for ‘contribution to road traffic accident’ items on the DABQ

ITEM RATING RANK
Driving too close 5.4+1.3 9a
Driving too fast for the conditions 6.4+0.8 2
Drinking and driving 6.8+0.6 1
Driving when tired 6.0+0.9 4
Driving a defective vehicle 4.6x1.2 12
Drivers not signaling 4.7+1.3 11
Drivers not using their mirrors 4.9+1.6 10
Drivers overtaking when unsafe to do so 5.6+1.2 7
Drivers not paying attention 6.3+0.9 3
Drivers taking risks 5.9+1.2 5
Drivers breaking the speed limit 5.5+1.6 8
Drivers having the wrong attitudes 5.4+1.4 9b
Drivers lacking in experience 5.7£1.2 6
Pure chance 3.2+1.4 13

Items rated from 1 (Not at all) to 7 (Very)
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In summary, paticipants in this sample reported degp qudity that is likdy to be within
normd limits.  However, they may have had an increased tendency to report traffic
vioations. Paker et d. (1995) suggests that accident ligbility can be predicted by df-
reported tendency to commit violaions but not by the tendency to make erors and
|apses.

Sleep Diary data

Habitud deep paterns for the sample were cdculated from deep diary data The mean
degp onst time for the sample was 12.50am (2.3 hours), mean weking time was

9.06am (£2.2 hours), and the mean deep duration was 8.1 hours (2.7 hours).

Relétive deep loss for any day was esimated from the variance in degp duration across

eech four-week period for each subject. Thus the duration of deep over the preceding
day was subtracted to provide an index of rdative deep loss for each day. The frequency

of days with deep duraion above and bdow each individual mean is depicted in Figure 3
for dl days While variaion about the mean was anticipated, the extended tal a the
short deep duration end of the didribution was note worthy. The data indicates that
subjects sustained deep loss reative to their own mean deep duration of 3 hours or more

on 14.3% of days across the four week period, and lost 6 hours or more on 3.3% of days.

Subjective dertness upon weking was reported usng a 10cm visud andogue scde
(VAS). Mean Hf-reported degpiness upon waking was 54+28cm (VAS scale). The
relationship between hours of rddive degp loss and subjective despiness upon
awakening was assessed by corrdation analyses for each subject. Corrdation coefficients
for individuad participants ranged from 0.04 to 0.74. The mean correlaion was calculated
using the square root transform method, and was sgnificant (r = 0.375, p<.001).
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Figure 3. Proportion of dayswith relative deep loss (negative values) and deep gain
(poditive vaues) in hoursfor dl subjects.

Driving Diary data

Subjects responded to 12 items on the driving diary for each driving episode undertaken.
Characterigics of the driving episodes are presented in Table 6. The mean number of
driving episodes across the four week period was 57.2t31.4(SD), with a range of 8148
episodes. Complete diary data was collected from 2518 driving episodes.

Table 6. Characteridics of driving episodes

MearntSD Range % trips
Driving time (hours) 0.3t04 0-6
Max speed (km/h)  73.8£23.0 0-180
Digance (km)  12.3t21.9 0- 450
Passengers 0.5t0.9 0-22
Alcohal 0-10 330
Drugs 044
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Sex differences

The effect of gender on diary recorded driving habits was assessed by comparison of
ubject’s mean responses on the primary diary vaiadles of driving episode time, sdf-
reported deepiness, and sdf-reported crash risk.  These andyses are presented in Table 7,
and suggest no sex differences on these varigbles. Further analyses of deep diary daa

were made on the entire sample.

Table7. Mean (and SD) for primary driving episode variables for femae and mde
subgroups.

Female Male t(a9) p
MeanzSD
Time of day 14.4+1.4 14.8+1.0 0.98 >.05
Sleepiness (VAS) 64.7+13.7 66.3+10.6 0.68 >.05
Crash-risk (VAS) 61.5+13.8 62.9+10.2 0.69 >.05

Exposure to increased risk

Exposure to increased risk was defined as the proportion of driving episodes occurring
when the participants were deepy, and was edimated usng three methods. The firg
involved edimating the proportion of driving episodes that occurred a times of
increased deepiness, as predicted by a three-process mode (Estimate 1). Jewett and
Kronauer (1999) presented a modd predicting subjective dertness and  cognitive
throughput from circadian and homeodtatic deep processes.  Elements of this modd were
used to caculate predicted level of despiness for each driving episode based on eapsed
time gnce the onset of wakefulness. The second method was based on published crash
datigtics for this age group (Estimate 2). The NCSDR/NHTSA (1999) expert pane data
on time of occurrence of crash in the 18-25 year age group indicates the time of day that
young drivers mog often die in crashes. This data suggests sgnificantly increased risk of
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crash between the hours of 22:00 and 07:00. The proportion of driving episodes that
occurred within these hours was cdculated. The third method was based on sef-reported
deegpiness and perceived risk of crash for each driving episode (Esimate 3). Tha is, the
proportion of driving episodes on which the drivers rated themsdves as being degpy or a
increased risk of crash. The primary outcome variable under each modd was the
proportion of driving episodes that occur during periods of increased despiness.

Estimate 1

The time dapsed dnce wake of each driving episode was gpplied to the Jewett and
Kronauer (1999) modd to provide an edimae of the proportion of driving episodes
occurring a each level of predicted despiness The time snce awakening was caculated
for each driving episode by subtracting driving episode time (degp diary) from wake time
for that day (degp diay). The proportion of driving episodes occurring during esch hour
after waking is depicted in Figure 4. Included in this figure is the generd deepiness
curve generated from the Jewett and Kronauer (1999) modd. The increassed predicted
degpiness in the two hours after weking reflects the deegp inetia component of this
mode (Process W). Predicted deepiness is scaed from 1 (maximum possble dertness)
to O (minimum possble detness). The proportion of driving episodes occurring a an
detness levd of 7 or bdow (arbitraily 30% bedow pesk dertness) was 19.3%. The
primary component contributing to deepiness was deep inertia (process W).
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Figure 4. Proportion of dl driving episodes a each time after waking (Episodes), and
caculated degpiness for each time after waking (Segpiness). 1 represents minimum
possible degpiness (maximum adertness) and O represents maximum possible degpiness
(minimum dertness). Dark bars denote hours of increased risk.

Because of the variance in waking time from day to day in this sample, this anadyss was
repeated usng mean time of wakefulness across the four week period as an estimated of
hebitud wake time. This recdculation was intended to provide an improved index of the
cdrcadian phase time contribution to deepiness during eech driving episode. The
proportion of driving episodes occurring during esch hour &fter the mean time of
wakefulness is depicted in Fgure 5.  The proportion of driving episodes occurring &
detness leves of 7 or bdow was 13.3%. Agan, the primary contributing component
was deep inertia

0.9

0.8

r 0.7

r 0.6

r 0.5

0.4

0.3

0.2

0.1

22

ssauidea|s parewnsy



10.00

9.00 7 =1 EPISODES

8.00 - — SLEEPINESS

7.00

6.00

5.00

4.00

3.00

Proportion of driving episodes (%)

2.00

1.00

Hﬂ-ll.._

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time after mean wake (h)

0.00

Figure 5. Proportion of dl driving episodes a each time after mean individua wake time
(Episodes), and caculated degpiness for each time after wake (Slegpiness). 1 represents
minimum possible degpiness (maximum dertness) and O represents maximum possible
degpiness (minimum dertness). Dark bars denote hours of increased risk

Estimate 2

The time of day of each driving episode was extracted from the deep diary. The
digribution of driving episodes across the 24-hour day is depicted in Figure 6, together
with the deepiness relaied crash didribution caculated from NCSDR/NHTSA (1999)
expert pand data This data reflects the time of occurrence of crashes in drivers 25 years
of age or younger in which the crashes were dtributed by the police to the driver being
adegp but in which doohol was not judged to be involved. The proportion of driving
episodes occurring during the hours of increased risk (10pm to 9am) was 22.5%.
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Figure 6. Digribution of driving episodes across the day (bars). The ‘Crash' line
indicates the proportion of degpiness related crash fatdities occurring a each time of the
day in drivers aged <25 years (NCSDR/NHTSA, 1999). Dark bars denote hours of
increased risk.

Estimate 3

Subjects were asked to edimate their deepiness and perceived risk of crash a each
driving episodes. Responses were made on a 10cm visud andogue scde (VAS), with
10cm as least degpiness or crash risk, and Ocm as highest deepiness or crash risk . The
didgribution of ratings is depicted in Figure 7. The proportion of driving episodes rated as
7 or less for deegpiness (arbitrarily 30% below pesk dertness) was 78.3%, and 3 or less
was 11.2%. The proportion of driving episodes rated as 7 or less for crash risk was

71.4%, and as 3 or lesswas 7.5%.

The rdaionship between sdf-reported deepiness and sdf reported crash risk was
asesed by corrdation analyses for each subject. The mean correlation was caculated
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usng the square root transform method, and was dgnificant (r=0.74, p<.001).

That is,

participants reported driving episodes during which they were degpy as more likely to

result in crashes.

35 7
30 1
25 7
20 7

15 1

Proportion (%)

10 1

Subjective sleepiness
= = = «Subjective crash risk

Rating

Figure 7. Didribution of VAS estimates of degpiness and crash risk for dl driving
episodes (10=minimum degpinessminimum risk, G=maximum degpiness/maximum

fisk).
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DISCUSSION

The deep quedionnaire data showed tha participants did not rate themsdves to be
excessvely degpy (to the same levd as paients with deep disorders) on retrogpective
report.  They noted symptoms indicative of problems getting to desp or mantaning
deep, but did not rae these problems as having dgnificant impact on ther daly
functioning. The driving questionnaire data showed that this sample reported lgpses and
violaions more frequently than some other groups assessed with smilar items.  In
relaion to deeprdaed crash rik, they reported disregarding speed limits & night more
than other violaions and rated driving when tired as fourth in factors contributing to
road accidents.

The paticipants reported drinking acohol prior to driving on agyproximatdy 3% of
driving episodes, and teking drugs prior to approximady 05% of driving episodes
These reatively low rates of use egquate to 82 and 11 driving episodes respectively over
the four-week sample period. Alcohol and deepiness are known to interact to greetly
amplify the deficits in performance found with both (NCSCR/NHTSA, 1999). For
exanple, Roehrs e d. (1994) found tha deviations on a driving Smulator after a low
dose of dcohol (bdow the legd limit) were 15 times grester with 4 hours less deep.
Thus, further invedtigation of the co-occurrence of deepiness and dcohol/other substance

use is warranted.

Three methods were used to edimate exposure to deepy driving episodes.  Seepiness
was defined as 30% beow pesk dertness measure for the first two estimates. The
edimae based on prediction of deepiness due to primarily circadian and deep ingtia
effects indicated that participants were degpy on goproximady 13-19% of driving
episodes.  The edimate based on time of day done indicaied that 22% of driving episodes
occurred during the hours of increased probability of crash rdated to deepiness.  Further,
the participants rated themsdves as degpy on goproximatey 78% of al driving episodes,
and very desgpy on 11% of episodes. This frequent report may adso reflect chronic
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degpiness, that is, paticipants were often deegpy because of accumulated deep debt, or
frequent acute deep debt. Alternaively, it may reflect a response bias, that is, a tendency
not to rate themsdves as fully det for some other reason.  Approximatey 4.5% of
driving episodes occurred after 18 hours of wake. This eguates to at least 108 episodes
over the four-week sample period with a likely level of driver imparment equivdent to a
BAC greater than 0.05% (Lamond & Dawson, 1999; Arendt et d., 2001). In summary,
the participants frequently drove a times when deepiness predicted by the homeodatic
component (process S) was likdy to sgnificantly impar their cagpecity to drive safdly.
They ds0 frequently drove at times predicted by deep inertia (process W) to impair ther
capacity to drive sfely.

High night-to-night variation was found for deep habitud duration. This daa suggeds
that the dally basd levd of despiness dso vaied widdy. Acutey reduced prior degp
would lead to increased deepiness a dl points during the day. This data dso suggests a
degree of chronic deep debt in the sample. For example, degp durations much greater
than the mean suggest an attempt to compensate for deep loss with recuperative deep.

The paticipant’'s sdf-report of crash risk on each episode was srongly associated with
their sdf-reported level of despiness.  Further, they identified deepiness as a contributor
to crashes. This data suggedts that the participants were able to identify variation in ther
cash rik, with some undestanding of the contribution of deepiness to this risk.
However, they actudly drove a the times of this risk edimaion. Tha is the sdf-
perception of ggnificant risk of crash does not preclude taking that risk. Horne (1999)
found that drivers underesimate the probability of faling adegp when degpy. Thus, the
consequences of degpiness may not be well understood.

The edimate based on crash ddidics provides an indicaion of the consequences of the
aum of dl risk factors induding drcadian, degp deprivaion, night-time factors, drug and
dooho use and risk taking behaviours  The edimate based on modds of deep
regulaion, on the other hand, provides an indication of the rdative contribution of
circadian and deep deprivation factors to crash outcomes.  This differentiation may be
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important in focusng interventions into deegpy driving.  Redricting driving to daylight
hours in this age group has been reported as an effective, dthough unlikely, intervention
to reduce the drcadian contribution to deepy driving (Triggs & Smith, 1996). Seep
debt, however, has consequences for other aspects of qudity of life in this age group,
(Carskadon, 1994), and increesng underdanding of deep debt may be the focus of
productive interventions.

The present sudy adds to our knowledge of the factors tha increase the risk of deepy
driving in young adults The methodology employed provided detalled information on
driving and degp behaviours for individud paticipats on an episode-by-episode basis.
The methodology could be implemented in larger scale surveys.

Recommendations

The results suggest that it isimportant to introduce Srategies to reduce deegpy driving in
young adults. Further, it is suggested that the following issues be focused on:

0 Reduction of chronic and acute deep loss
0 Reduction of circadian based exposure to degpiness when driving
O  Improved undergtanding of the consequences of deepiness on performance

Of these we suggest thet the third factor is the most important. While it would be
beneficid to reduce deegp loss in the community, it is highly unlikdy that desp losscan
be entirdy eliminated in any population. Thus, saf-monitoring of driving behaviour

when deepiness occurs, islikely to be the mog effective method of reducing driving
while degpy. However, the current data suggest that younger individuas do not consder
degpiness as a 9gnificant contributor to driving accidents. Thus, education asto the
potentidly potent role of degpinesswill be necessary if the recommended sdif-
monitoring is to be successful.

28



The interaction of socio-economic indicators, work status (particularly late night and
shift-work) and urban/rurd driving characteristics with degpiness in young drivers needs
to be further assessed. A longitudina study with a broader sample will be needed to
determine whether the interaction between degp and driving behaviours lead to increases
in driving accidents in this age group, and whether the nature of this relationship changes

with age.
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APPENDICES

APPENDIX 1 — Example of Driving Diary

What time did you start this trip? | [hour | [minute DATE:
Driving time? | |hours | [Minutes
From where (home, work etc.)? Suburb
To where (home, work etc)? Suburb
Approximate distance? |:| Km
Maximum speed reached? [ |Km/h
How many passengers in the car? |:|
How many drinks did you have before thistrip? [ | Type?|
What drugs did you take before this trip? | |
Sleepiness during this trip? High Low
Risk of crashing? High Low
Any accidents or near misses? |:| Caused by...
What time did you start this trip? | [hour | [minute DATE:
Driving time? | [hours | [Minutes
From where (home, work etc.)? | | | |Suburb
To where (home, work etc)? | | |Suburb
Approximate distance? Km
Maximum speed reached? [ |Km/h
How many passengers in the car? [ |
How many drinks did you have before this trip? [ | Type?|
What drugs did you take before this trip? | |
Sleepiness during this trip? High Low
Risk of crashing? High Low

Any accidents or near misses? |:| Caused by...
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