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described.

hile the figures fluctuate, the ““young driver pro-
Wblem" has been with us, in whichever country we

live, for as long as substantial numbers of those in
their teens have driven motor vehicles.' This is, or should be,
a sobering thought. So should the fact that there have been
countless international initiatives focusing on training and
education, testing and licensing, and/or restrictions on
driving and traffic exposure. Many have been proposed,
fewer trialled, still fewer fully evaluated, and most discarded
without making it to the scientific literature, let alone
becoming legislation or common practice. These thoughts
might easily induce a state of discouraged pessimism, but
they need not.

The fact is that the “young driver problem” is not simply
one, but rather a variety of multifaceted problems, for which
there is no single solution. There is surely little doubt that if a
simple answer existed, it would have been discovered by
some among the many excellent and determined researchers,
practitioners, and politicians who have addressed the issue
over previous decades. Instead, I believe there are a plethora
of interventions which, if applied in concert, would reduce
teen death and injury on our roads. None of these is “new”
and none sufficient on its own—so what grounds are there
for optimism? Firstly, our understanding of behavior, and the
brain based systems on which it relies, has developed
considerably. Secondly, our ability to monitor activity, and
hence our ability to assess exposure, measure competence,
and enforce restrictions has never been better.

This paper seeks to critically address the psychological and
neuropsychological factors that underlie the ““young driver
problem”, rather than to outline what might be the solution.

AGE AND EXPERIENCE

As pointed out quite some time ago by Ivan Brown, age,
exposure, and experience are a ‘“confounded nuisance” when
it comes to attempting to understand driver behavior and
crash involvement.” Perhaps the most authoritative empirical
resolution of this problem is over two decades old. Self
reports from some 30 000 UK drivers indicate that age (or
rather youthfulness) and driving inexperience contribute
independently to crash involvement.” Thirty year old drivers
with little driving experience are more likely to be crash
involved than 30 year old drivers who have driven for several
years. Twenty year old drivers with little driving experience
have a higher crash likelihood than those who are 10 years

Young inexperienced drivers are more likely to be involved in road traffic crashes than drivers who are
older and more experienced. This paper argues that neither age nor inexperience are, in and of
themselves, sufficient explanations of the association between age, experience, and casudlty rates. The
aim here is fo consider what it is about inexperienced young drivers in particular that may increase crash
risk. Evidence is reviewed showing differential sleep loss among different teenage groups, which may
relate to recently presented evidence that young teenagers are more crash involved than drivers in their
early twenties. Potential acute and chronic effects of sleep loss among teenagers and young adults are

older with a similar lack of driving experience. The
catastrophically higher crash likelihood of teenage drivers
stems from their lack of driving experience and their lack of
age.

The implications for interventions that might reduce crash
likelihood depend upon understanding why it is that both
inexperience and youthfulness contribute to teenagers’ crash
involvement.

WHY INEXPERIENCE?

There have been some very challenging data reported in
recent years regarding parent-child correlations in citation
frequency and driving style. For example, children whose
parents had been convicted of three or more traffic violations
in the previous five years have been found to be some 40%
more likely to commit traffic offences than children whose
parents had clean driving records.* Substantial correlations
have also recently been reported between the driving
behaviour of fathers and sons and between mothers and
daughters, regardless of whether the parents were reckless or
careful.”

Despite the implication that there may be familial effects in
traffic law compliance and safety, or whether any such
relationship depends on nature or nurture, these findings do
not indicate that any of us are born as good drivers. Driving is
a skill we acquire through instruction and practice. The data
available from longitudinal studies of learner drivers’
performance during and after formal training show that
skills develop as a power function of the hours of driving
experience pupils gain.®”

As can be seen from figure 1, although not originally
plotted in this way, cross sectional studies of teenage novice
driver crash involvement appear to show a similar power
function decline in crashes, whether plotted against distance
driven or months of licensure.®” Although the fit to this
function is far better in one case than the other, the fact that
the power-law exponent is similar in both cases (—0.3),
suggests that both time for which a license has been held, as
well as estimated driving distance, are approximations of
some underlying measure of accumulated driving exposure.
As will be shown later, using more specific indices of

Abbreviations: FARS, Fatality Analysis Reporting System; NHTS,
National Household Travel Survey; REM, rapid eye movement; SWS,
slow wave sleep.
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Figure 1 Young driver crash rates as a function of experience: time

licensed and distance driven.

exposure can reveal quite unexpected differences in crash
risk among young drivers. Overall, studies such as these
demonstrate that whether performance or safety is used as
an index, there is a strong power-law relationship between
the total amount driven and the extent to which ability to
drive safely changes. The fact that this power-law relation-
ship holds has two implications: drivers improve far more
when they have less experience than when they have more.
This improvement continues inexorably, albeit almost unde-
tectably, presumably until ability is compromised by a
functional decline associated with ageing or disease.

The power-law relationship between practice and skill has
been reported across a very wide range of human activities.
There are a number of explanations of why this power-law
relationship is observed, but that proposed by Gordon Logan
is especially relevant here."” According to Logan, when faced
with any task or problem, the performers have two
alternatives: rely on what they have done in similar situations
in the past, or work out a new solution there and then. The
former, memory based alternative is fast and relatively
effortless, but depends on performers having appropriate
memories (that is, experience). The latter algorithm based
alternative is effortful, error prone, and depends on the
performer identifying—presumably through analogy—what
the problem is that needs to be solved. There are a number of
implications of this account for understanding why “inex-
perience” is a problem.

The novice driver is forced to rely on the effortful, error
prone process because there are few relevant memories to rely
upon. It is only as experience is amassed that reliance on
memories of previously successful solutions becomes a viable
alternative, and only when considerable experience has been
gained that the memory based process is relied upon. The
result is that for the experienced driver, performance
becomes less effortful, which among other things means less
prone to disruption by distraction, and less variable. By
contrast, novice driver performance is more demanding, more
prone to distraction, and relatively inconsistent.

As has been argued previously, driving is a highly complex
task (or combination of more or less simultaneous tasks)."
Some of the tasks that drivers perform are relatively
predictable and invariant (for example, using the windshield
wipers or changing gear in a manual shift car). Some are
inherently unpredictable and highly variable (for example,
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the likely response of another motorist to a given circum-
stance). Performers require more practice to become profi-
cient at complex tasks than to reach a similar level of skill on
simple tasks. One reason might be that the memories
required to sustain performance of simple tasks contain less
extensive information about the circumstances in which they
apply than those memories which support the performance of
complex tasks (for example, they may need to contain
information about a range of simpler tasks). From this it
would follow that more task experience would be required to
build up enough memories to sustain performance of a
complex task. Thus, in order to drive competently under a
desired condition, the novice driver who wishes to drive
under a broader range of traffic conditions would actually
need more experience of more traffic conditions than would
the novice driver who wishes to drive under less variable
traffic conditions.

It is important to emphasize a key implication of this
analysis of why “inexperience” is a problem—that it is a lack
of driving experience, not a lack of traffic experience, that is
important. People need to actually perform the activity
repeatedly in order to improve their performance. Being
taught about it second hand, watching it, or simply getting
older does not yield the same—if any—improvement.

WHY YOUTHFULNESS?

The rationale for why youthfulness predicts crash involve-
ment is more speculative. Why should a 17 year old be a less
skillful driver than a 19 year old; or a 25 year old more
skillful than his younger peers? Before offering a number of
tentative suggestions, and herding a few sacred cows, it
should be noted that as used here, the term “skillful”
includes all of the skills drivers require (the ability to judge
and predict the behavior of others as well as the ability to
control the vehicle, respond quickly, accurately, etc).

When I first began my research of young drivers, I was
uncomfortable with the caricature of the young driver as a
wilful, overly optimistic, male, hormone crazed exhibitionist.
This is perhaps an unfair caricature of the views of those who
stress the problem behaviors or problem personalities of the
young.'"? However, 20 odd years on I am no more drawn to
this stereotype as an explanation of the overinvolvement of
young, inexperienced drivers in traffic crashes. One of the
implications of such views seems to be that teenage drivers
are more homogeneous than those 10 years older—a view
that would be difficult to substantiate.

Furthermore, although adolescence is, quite literally,
formative in terms of personality, longitudinal studies of
personality show little change between the late teens and
early twenties.””" Table 1, derived from a recent review and
meta-analysis of studies of personality change,'* shows that
the changes that do occur do not support the supposition that
personality factors underpin the differences in safety. Young
teenagers become more socially independent, self-confident,
and more emotionally stable as they age. Young adults
become still more independent and self-confident, still more
emotionally stable, more positive, gregarious, and more open
to experience as they leave their early twenties. That is, these
results imply that the very unsafe youngest drivers are
actually less self-confident, and less interested in having new
experiences than their older and safer driving peers.

Even if there were evidence of personality change on a
scale similar to that observed with crash involvement, an
unequivocal link between personality and crash involvement
or driver behavior has proved more than elusive in almost a
century of research on the topic."" "’

Increases in social independence and confidence that occur
in the late teens and early twenties may be reflected in
“optimism bias”” or exaggeration of abilities. Much of this



Youthfulness, inexperience, and sleep loss

i21

Table 1 Changes in personality among teenagers and young adults (after Roberts et al,
2006'¢)
Age 10-17 years Age 18-22 years
Sample  Effect  Confidence Sample  Effect Confidence
Traits size size intervals size size intervals
Social vitality 6132 0.11 —0.06 to0 0.27 3929 0.06* 0.01 t0 0.10
Social dominance 1700 0.20* 0.01 to —0.39 1655 0.41* 0.13 to —0.69
Agreeableness 4378  0.01 —0.09t0 0.11 2239 0.05 —0.08 t0 0.18
Conscientiousness 7506 0.03 —0.0910 0.14 5226 0.04 —0.18 10 0.11
Emotional stability 10,557 0.16* 0.09 to 0.23 3621 0.12* 0.004 to 0.24
Openness 2911 0.23 0.00 to 0.48 3998 0.37* 0.18 to 0.56
*p<0.05.
Effect size: standardized mean difference (Time 1-Time 2)/SD Time 1.

research is based on rather questionable methodology in
which people are asked to compare themselves with an
““average” performer. Using a different approach we have
shown that older experienced drivers, rather than younger
inexperienced drivers, have a far more positive view of their
driving ability than is warranted.'”® A further study, to my
knowledge the only one that tests the hypothesis that there is
a developmental trend in judgments of one’s own ability,
shows that learner drivers and newly qualified drivers appear
to have a very well calibrated view of their own ability when
asked to compare their ability with a driver more similar to
themselves (that is, a newly qualified driver). Figure 2,
replotted from my book, shows that beginning learner drivers
consider themselves far worse than a newly qualified driver, a
tendency which decreases as drivers themselves come closer,
and eventually succeed in, being qualified to drive alone. The
drivers in this study considered themselves no better than
novices even after several months of independent driving.

So if it is not personality change or unwarranted optimism,
what could these highly specific age related changes be that
render a teenager less safe than a 25 year old? While not
denying that social and lifestyle factors contribute substan-
tially, I wish to draw attention to a more pervasive and highly
specific age related change which is rarely seen as a particular
contributor to the young drivers’ overinvolvement in traffic
crashes—the exception being the pioneering work by Mary
Carskadon and colleagues."”

SLEEP RESTRICTION AMONG TEENAGERS AND

YOUNG ADULTS

Changes in sleep habits and, perhaps, sleep architecture

accompany the transition from teenager to young adult.** *!
Figure 3 presents data from approximately 200 teenagers,

surveyed every two years across a 10 year period.”” While the
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Figure 2  Self/novice ability comparisons among British teenage
learner drivers.

majority of respondents claim that they need more sleep than
they typically have, by the middle teens almost 70% of
children report needing more sleep. This figure declines to
about 50% of the sample for these individuals when they
reach their early twenties. Reported time in bed declines
systematically over the teenage years, but the reported time
in bed over the weekend remains reliably higher, and
declines less sharply. This pattern is consistent with
respondents having to make up for lost sleep at the weekend
when there is presumably greater opportunity to do so.

A recent survey of sleep patterns among a representative
sample of the population of the UK confirms these results.”!
Figure 4 shows data extracted relating to those in their mid-
teens to mid-twenties (n=173). The discontinuity in
reported sleep times between those aged 16-18 and 19 and
older is immediately apparent. There is, however, an increase
in feeling refreshed on waking.

Sleep loss among teenagers appears to have profound
effects. Wolfson and Carskadon (1998) carried out an
extensive cross sectional study of US high school students.”
Their data show that reported average daily sleep reduces
with age, by some 40-50 minutes across 13-19 year olds,
with some of this loss being recovered at weekends. This
sleep loss is manifested in gradually later bed times, but more
or less stable rise times across the age range. Those who had
far later bed times at weekends, or who slept much less than
average, had lower school grades, reported increased daytime
sleepiness, depressive mood, and sleep/wake behavior pro-
blems. The same authors have also presented a compelling
review of the educational effects of sleep loss among
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Figure 3 A longitudinal study of reported sleep and sleep need among
those aged 11-21 years (affer Strauch and Meier, 1988%).
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Figure 4 Reported sleep and waking feeling refreshed among young
British adults (mean, SEM).

adolescents.”* Recently, again on the basis of a high school
survey, it has been shown that adolescents who reported
going to bed later at weekends (and much later than their
weekday bed times) and higher levels of sleep problems also
reported significantly higher levels of risk taking behaviors.”
Students’ delayed weekend bed times were also related to
academic performance in this sample.

Underlying plots of crash rates by distance driven or license
holding, such as those presented in figure 1 earlier, are
profound effects of the circumstances under which this
experience is gained. Regrettably, matters are still more
complicated than even these exposure indices suggest. Thus
far it has been implied that distance driven is what is
important in assessing relative risk, rather than the circum-
stances or conditions under which driving takes place.
However, half of all teenage crashes take place at night, but
just 20% of teenage driving occurs at night.** Australian data
show that crash rates, per million miles driven, are also two
and a half times higher during hours of darkness.”
Furthermore, 60% of young driver deaths occur at night,
with the majority of these being on weekend nights (37%).
Importantly, this percentage of fatalities is three times that
for daytime on weekends, whereas the percentage of young
drivers who die in daytime crashes and night-time crashes
during the week is similar (25% and 24% respectively).””
Similarly, a comparison across several European countries
(UK, Netherlands, France, Belgium) has shown that young
drivers are overrepresented in night-time crashes (all),
particularly weekend night-time crashes (UK), those invol-
ving speed (France, Netherlands), on curves (Netherlands),
and single vehicle crashes (all).*

This study also suggests that passengers are a particular
problem for the young driver. This finding is corroborated
and extended by a more recent US study, which shows that
among 16 and 17 year old drivers, death rates increase
systematically as a function of the number of passengers
carried, but the crash rates for older motorists are similar
irrespective of the numbers of passengers carried.”” It may be
that this passenger effect partly underlies the increased death
rate of young people on weekend nights. Young drivers not
only kill themselves, they also kill other road users more
frequently.”

These studies suggest that the young driver is at particular
risk at night, but do not distinguish sufficiently between
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drivers to support the view that, within young drivers, there
is a differential susceptibility to crashes at night.

Sweeney and colleagues have recently presented a compel-
ling re-analysis of 2001/02 Fatality Analysis Reporting
System (FARS) traffic crash data.’’ In their analysis, FARS
data are weighted by information from the National
Household Travel Survey (NHTS). The NHTS includes
detailed information on daily and long distance travel, and
estimates the number of drivers of particular ages on the road
during a given hour across the day. Figure 5 replots these
data, using two hour overnight periods. As might be
expected, fatigue related crash risk is highest in the early
hours of the day. Remarkably, however, taking account of the
driving patterns of drivers within an age cohort reveals far
higher risk of crashes classed as fatigue related among
teenage drivers than among drivers aged 19-24. Both groups
are at considerably higher risk of fatigue related crashes than
all other age groups, even beyond the age ranges plotted in
figure 5. These findings are striking in light of the changing
sleep patterns for these age ranges reviewed above.
Obviously, since this is simply an age based contrast, the
relatively lower crash risk of the 19-24 year old drivers may
reflect both age and greater driving experience. Despite this
caveat, it is tempting to interpret the data in terms of a
differential susceptibility to the effects of sleep loss. It is
possible the increased crash involvement of these younger
drivers reflects both acute (that is, specific to a particular
occasion) and chronic or enduring effects of the difference
between sleep obtained and that required/desired.

The acute effects of sleep loss reflect the relatively
temporary effects of fatigue to which we are all prone,
irrespective of age. These will include reductions in capacity
to process information, decreases in sustained attention, less
accurate motor control, increased reaction time, etc. It is
worth noting that these effects may well be more prevalent
when the performer is less experienced. In addition, albeit in
a study of more experienced drivers, sleep restriction has
been shown to interact with susceptibility to the effects of
alcohol.” ** These studies showed that very low doses of
alcohol (less than 40 mg/100 ml) impair performance more
among those suffering moderate levels of sleep deprivation
than among those who are not. This may also be true for the
effects of other drugs, although I am unaware of empirical
evidence for this. It is worth noting here the findings of
Dawson and others who have shown that as much impair-
ment in driving ability occurs among sober drivers who have
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Figure 5 US fatigue crash rate as a function of time of day and driver
age from April 2001 to May 2002 (after Sweeney et al, 2003°").
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not slept in 24 hours as in drivers who have had normal sleep
but have ingested 100 mg of alcohol.** *

The possibility that there may be ““chronic” effects of sleep
loss in teenagers is an even more tantalizing possibility. Not
only does sleep duration change as a function of age, but so
too does the structure of that sleep. It is very noteworthy that
sleep structure changes markedly across adolescence and
early adulthood, with, among other changes, a considerable
reduction in the amount of slow wave sleep (SWS).** ** The
amount of rapid eye movement (REM) sleep may also be
reduced among teenagers. Delayed sleep phase syndrome, the
tendency towards later bed times in older teenagers, together
with the requirement to rise early to begin the school day at
traditional times, will reduce sleep duration.”” However, the
delayed sleep time will also cause an increased requirement
for SWS, with a consequent reduction in the time available
for REM. Thus the two major constituents of sleep will
change considerably within and between teenagers.

Although we are still some way short of a functional
account of the contribution different sleep stages make to
waking performance, recent evidence indicates that newly
acquired procedural skills may be consolidated during sleep,
particularly during SWS/REM.*®** There is also growing
evidence for a contribution of SWS to the consolidation of
the learning of factual, rule based, semantic (that is,
“declarative”) knowledge,” as well as to the consolidation
of emotionally laden “episodic’” events.” Thus far, the tasks
used to explore the relationships between types of memory
and sleep structure are relatively simple and unlike everyday
tasks, but if similar relationships hold with the learning of
complex tasks such as driving, the implications are indeed
profound. Sleep loss in teenagers learning to drive, or in the
early stages of their careers as independent drivers, may not
be able to acquire and consolidate the declarative, procedural,
and episodic knowledge on which safe driving depends. At
this stage, the suggestion that there may be chronic as well as
acute effects of sleep loss that particularly affect teenage
drivers is no more than a hypothesis, but it is one worthy of
very careful exploration.

CONCLUSION

Youthfulness and lack of driving experience are clearly
associated with lack of traffic safety, but this describes,
rather than explains, what is a profoundly serious problem.
The age related “explanations” that have been offered, such
as age related changes in personality, sensation seeking,
confidence, risk taking, and so on, rarely show the extent of
change over the critical ages to provide an adequate
explanation of why the young are involved in proportionally
more crashes than their older peers. A more plausible account
is offered, this paper has argued, by the teen driver’s lack of
traffic experience, because of factors such as restricted
learning opportunities and failure to transfer learning to
novel circumstances. This paper has also sought to draw
attention to a rarely addressed age related issue—sleep
restriction—which may have both acute and chronic effects
on teen driving performance. It is argued that social and
lifestyle changes may reduce sleep opportunities. Somehow
the teenager must juggle the pressures of attending school,
engage in a developing night-time social life, and often work
evenings or early mornings in order to sustain this developing
lifestyle. Furthermore, competing demands on weekend time
that might otherwise be used for recuperation are less
available. While there are many important biological changes
that occur in teenagers, differential susceptibility to sleep
restriction is one that may have profound implications for
safety—not only in traffic but elsewhere as well. Lifestyle and
biology may be on a collision course in the teenage years.
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