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Abstract
Objective: Our objective was to examine a novel standardized
assessment methodology of detecting impaired driving performance due to drowsiness in a normative cohort. Methods: Thirtyone healthy subjects with no significant sleep, medical, and
psychiatric pathology were assessed in a driving simulation
paradigm. Thirty-minute simulations were repeated at two-hourly
intervals (i.e., at 1000, 1200, 1400, and 1600 h). Convergent data
sources included drivers’ subjective ratings of sleepiness and
alertness, electroencephalogram-verified microsleep (MS) episodes, and a variety of real-time driving simulator performance
measures such as speed, lane tracking, reaction time (RT), and offroad events (crashes). Results: Significant diurnal fluctuations
were noted on objective measures of RT, velocity, tracking, and
MS events, indicating the highest risk of impairment in the

afternoon. By contrast, subjective ratings of sleepiness and
alertness did not demonstrate significant circadian variation. The
mean incidence of MS episodes and crash risk correlated highly
(r=.748). Conclusions: This prospective study demonstrates the
relevance of multiple convergent measures for comprehensive
assessment. The divergence of subjective and objective assays of
impairment implies that healthy individuals may not have full
insights into neurophysiologically mediated performance deficits.
These results will serve as normative comparators to patients
presenting with daytime somnolence and may allow a more
accurate prediction of potential crash risk than noninteractive
daytime polysomnogram tests such as the mean sleep latency test
or the maintenance of wakefulness test.
D 2006 Elsevier Inc. All rights reserved.
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Introduction
Morbidity and mortality due to driver drowsiness are
major public health issues [1–3]. While medicolegal aspects
of this issue are relevant to physicians and legislators, there
is a relative paucity of ecologically valid hospital-based or
clinic-based diagnostic instruments to assess driving impairment due to sleepiness. This issue is reflected in the recently
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parameters for the clinical use of daytime polysomnogram
(PSG) [4], which note that, although tests such as the
maintenance of wakefulness test (MWT) can be helpful in
assessing an individual’s ability to stay awake when his or
her inability constitutes a public safety issue, the predictive
validity of the MWT and the mean sleep latency test
(MSLT) for assessing crash risk is questionable. As current
clinically used methodologies of assaying fitness-to-drive
vis-à-vis sleep disorders remain inadequate for informing
the clinical practice of somnology clinicians, the objective
of this study was to propose a standardized protocol that
might have increased ecological validity and that might be
useable in the context of a diagnostic sleep laboratory.

336

H.J. Moller et al. / Journal of Psychosomatic Research 61 (2006) 335 – 342

In recent years, while there has been an increased
research interest in developing predictive models of crash
risk due to drowsiness using interactive driving simulator
paradigms, progress has been hampered by the lack of
harmonization of methodologies. While there have been
reasonably established norms and standards for the
diagnostic use of the MSLT and the MWT in assessing
sleep proneness [5–8], there is a need to establish
improved diagnostic tests of driver drowsiness that take
into account ergonomic aspects of the act of driving [9]. A
further concern about conventional daytime PSG monitoring with respect to driving safety is the relative insensitivity of the MSLT and the MWT PSG scoring
methodology to detect impairments more subtle than the
actual occurrence of an epoch of sleep (i.e., greater than
15 s of recorded sleep) [4]. In fact, even the largest sample
(n=64) of normative MWT values by Doghramji et al. [7],
with conventional sleep latency scoring as an end point,
has revealed only a modest circadian variation of impaired
alertness using these criteria.
The protocol in this experiment was developed in
response to concerns regarding the sensitivity and the
specificity of standard daytime PSG tests vis-à-vis driving.
It is reasonable to assert that a performance test that
assesses an individual’s ability to resist sleep in a noninteractive soporific darkened environment (i.e., the MWT)
may be a better methodology to assess the risk of
drowsiness-related car crashes than a test where the
individual is asked to intentionally initiate sleep (i.e., the
MSLT). However, as a clinically useful test to guide sleep
practitioners who are concerned about fitness-to-drive
issues, the MWT still appears to lack significant face
validity. Since driving a vehicle is a complex task of
information processing that requires a variety of cognitive
and psychomotor performance abilities to be intact,
including alertness, attention, multitasking, memory, coordination, and visuospatial perception abilities, many of
these functions are not be assessed in an MWT or an MSLT
paradigm. For the case of assessing driving impairment due
to drowsiness, we argue that a standardized soporific
driving task has superior ecological validity to noninteractive daytime tests, as it mimics real-world circumstances
where a sleepy driver might be more prone to lose
consciousness and to nod off due to a low-level of stimulation or task immersion [9].
The issue of norms and standards is crucial as
researchers, clinicians, and legislators move towards more
ergonomically based tests of sleepiness and fatigue that are
relevant to fitness-to-drive. Historically, a wide variety of
driving simulator protocols have been used to research this
topic, although few have been systematically integrated
into an actual clinical context (i.e., a medical clinic
providing assessment and treatment of sleep disorders).
Further complicating this matter is the fact that, unlike the
detection of impairment arising from intoxication with
alcohol, impairment secondary to fatigue and sleepiness

may just as easily represent a state (e.g., brought on by
sleep deprivation and excessive time driving without rest)
or a trait (e.g., an enduring sleep disorder such as sleep
apnea). While there have been numerous studies documenting driving impairment in the context of sleep
pathologies [10 –17], few have examined PSG or electroencephalogram (EEG) measurements concurrently [10]; in
fact, several studies with sleep latency testing in between
driving tests have been performed in clinical populations
[11,16], raising methodological concerns that these periods
of nap opportunities between simulation sessions might
have potentially contaminated the results of both.
This implies a need for more sensitive PSG measures of
sleep intrusion that could interfere with driving. With
respect to the reality of sleep-related crashes, O’Hanlon
and Kelley [18] have observed that it takes an unresponsive
driver only 3 s to traverse a 4-m-wide highway shoulder at a
speed of 60 miles/h and an angle of departure of 38.
Episodes of psychomotor unresponsiveness secondary to
sleep-related lapses of alertness have been described as
microsleep (MS) episodes [10,19,20]. These events can be
conceptualized as a period lasting up to a few seconds
during which the PSG shifts from waking to sleeplike EEG
characteristics and external stimuli are not subjectively
perceived; MS episodes are thought to be associated with
excessive daytime sleepiness and automatic behavior or
nonresponsiveness. Analogous sensitive measures of drowsiness such as alpha attenuation [21,22] and spectral analysis
[23–25] have been validated, and, recently, MS event
recording has been shown to be more sensitive to sleep
onset than traditional PSG testing [8,20]. Unlike MSLT or
MWT criteria for sleep intrusion, which require a full epoch
of sleep activity to occur, MS episodes are even briefer
fragments of cortical sleep activity consisting of paroxysms
of sleep-related EEG activity (usually alpha or theta)
intruding into wakefulness [19].
At this point, there is no clearly established time criterion
defining MS duration, although Guilleminault et al. [19]
originally defined microsleep as a bshort-lasting burst of
typical stage 1 sleep as described by Rechtschaffen and
Kales [25] and/or a short burst of synchronous alpha/theta
activity recorded.Q In designing the protocol for this study,
MS episodes were defined as PSG-verified episodes as short
as 3 s. This was thought to be particularly relevant in light of
the forensic implications of brief lapses of consciousness
vis-à-vis actual crashes occurring at highway driving speeds
such as those discussed above.
In this study, we screened for the occurrence of MS
episodes while subjects were engaged in a driving simulation paradigm that mimicked the repeat measurement
methodology of the MSLT and the MWT. The intention
was to provide a methodological analogy to these standardized tests and to allow for an analysis of circadian
variation in terms of both performance and neurophysiologic assessment of MS intrusion. A simultaneous measurement of PSG and simulator performance was used to obtain
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a multimodal assay of performance in the context of
screening for MS-related sleep intrusion. In addition,
subjective levels of sleepiness and alertness were obtained
to provide a comprehensive and convergent picture of
potential impairment due to driver drowsiness.
In summary, our protocol examined three different
methodologies that might otherwise be used separately by
clinicians to assess fitness-to-drive: simulator performance,
neurophysiologic monitoring, and subjective awareness of
sleepiness/alertness. It is the largest controlled study of
simulated driving performance with concurrent neurophysiologic sleep monitoring published to date. Normative
control groups are unavailable for most simulation studies,
and certainly for the simulator used in our experiment, this
makes precise comparisons to other studies difficult. Thus,
this study was intended to examine a normative or bidealQ
performance in a cohort of healthy subjects, which could be
subsequently compared to other clinical populations of
interest in the future.

Methods
Following protocol approval by the hospital ethics
review board, recruitment of healthy control subjects took
place via advertisements on hospital and university campus
bulletin boards. Interested subjects were screened to assess
study eligibility prior to a clinical screening interview on
the date of the study. Upon arrival at the testing site, signed
informed consent for study participation was obtained from
subjects prior to proceeding. Subjects completed a brief
questionnaire, including the Previous Night Sleep Inventory
[26] and the Epworth Sleepiness Scale (ESS) [27], to
screen for abnormalities in sleep. As well, subjects
completed the Center for Epidemiological Studies—
Depression Scale (CES-D) [28] to screen for subjective
distress due to depression symptoms that could account for
any effects on performance. Following questionnaire
completion, all subjects were read a standardized list of
instructions relating to the driving performance task, which
involved remaining in the center of the right lane and as
close as possible to the posted speed limit, which ranged
between 70 and 100 km/h.
PSG electrodes were applied using standard two-lead
positioning for EEG, electrooculogram (EOG), and electromyogram (EMG). Principal scoring EEG leads were occipital
(02-A1 and 01-A2), with bilateral submental EMG and right
supraorbital EOG leads used to corroborate the presence of
sleep-related polygraphic activity as per standard PSG
procedure [25]. Subjects were instructed to undertake a 10to 15-min driving test in the simulator to become familiarized
with the performance task and to control for possible learning
effects. Once familiarized with the task, subjects were tested
for four 30-min sessions at 2-h intervals, occurring at 1000,
1200, 1400, and 1600h, analogous to protocols for MSLT/
MWT daytime testing [4]. Subjects were encouraged to ask
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questions regarding the task during the practice drive, but
were discouraged from interacting with the research assistant
during actual testing sessions. Prior to each driving session,
subjects were asked to complete instantaneous subjective
ratings of sleepiness and alertness, using 10-cm lateral visual
analogue scales (VAS). PSG data were collected simultaneous to the digital collection of driving performance.
Following completion of the final driving session, subjects
were asked to provide brief qualitative feedback comments
on their participation in the experiment.
Subjects were monitored closely by a research assistant
during simulation drives, with the intent to maintain
homogeneous testing conditions for all drives and to avoid
extraneous distractions or interruptions that could disturb
the integrity of the experiment. Subjects were not allowed to
nap or to consume caffeinated beverages between sessions;
they were asked to remain on site between 30-min testing
sessions, but were permitted to be involved in any low-key
activity they wished (e.g., reading, watching TV, etc.) within
the hospital. Light exposure during testing was controlled
for with equal lux values throughout the day.
The York Driving Simulator (York Computer Technologies) was used to assess driving performance. The driving
simulator consists of a personal computer, a 15-in.
monitor, a peripheral steering wheel, accelerator, and brake
accessories. The simulator has been partially validated
[13–17,29,30] as an ecologically valid research tool to
measure psychomotor performance. The simulator presents
a forward view from the driver’s seat of a motorway road
scene, with standard lane markings and sign signals
appropriate to the road environment. The four-lane route
has few turns, no stops signs or traffic lights, and posted
speeds ranging from 70 to 100 km/h. A driver’s seat from an
actual automobile was modified and added for more realistic
seating during simulation. Continuous measured variables
(see below) were sampled at 10 Hz and averaged over the
total course of a simulation. The driving environment used
for this experiment was a monotonous highway scenario,
with recurrent occurrence of bvirtual wind gusts,Q making it
necessary for the driver to periodically engage in compensatory corrective steering maneuvers to remain on the road,
rather than holding the steering wheel in a rote bdead-manQ
position. Thus, for this protocol, wind acted as a built-in
secondary performance task to prevent fixed steering as an
adaptive strategy. The timing of wind gusts occurred at
regular intervals of 0.0714 Hz, but was randomized by the
simulator with respect to directional force (i.e., from the left
to the right, or absent).
Outcome measures
As discussed, three convergent measurement techniques
were used to assess sleep-related and alertness-related
variations in fitness-to-drive: driving simulator performance, neurophysiologic monitoring for MS episodes, and
subjective level of sleepiness and alertness prior to driving.
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Driving simulator performance
Driving simulator performance was assessed using the
following variables, all expressed as a mean value over the
30-min drive:
1.

Lane tracking—measured as the deviation (in percentile) of the center of the vehicle from the center of
the right-hand lane. The extreme edge of the left lane
position was demarcated as 100%, and the extreme
right lane position was demarcated as 0%. Thus, the
ideal road position for the given task of maintaining
the vehicle in the center of the right lane was 25%.
2. Tracking deviation—expressed as the standard
deviation of road position (percentile).
3. Speed
4. Speed deviation—calculated as the mean sum of
differences (in km/h) of the speed of the vehicle
from the posted speed limits.
5. Reaction time (RT)—measured as time to the onset
of corrective steering maneuvers in response to
wind gusts.
6. Crashes—calculated as the number of times that the
simulated vehicle had off-road incidents, defined by
the center of the vehicle crossing over the extreme
edge of the lane or by blocking of a passing vehicle in
the left lane.
Neurophysiologic monitoring (MS episodes)
The number of MS episodes, recorded by ambulatory
pen-and-ink PSG (Grass Technologies) during driving
simulation sessions, was the primary neurophysiologically
dependent variable. The criteria for PSG-related sleep
staging developed by Rechtschaffen and Kales [25] were
used, with the exception of the length of sleep sequences
(all sequences lasting 3 s or more as opposed to the
conventional 30 s or more), which was employed to
evaluate MS episodes as per Guilleminault et al. [19].
Total MS episodes for each ambulatory monitoring session,
consisting of characteristic alpha, theta, or true sleep EEG
activity lasting 3–30 s, were evaluated, with MS lapses
greater than 15 s subclassified as major MS episodes and
those less than 15 s subclassified as minor MS episodes.
Two independent board-certified somnologists (H.M. and
L.K.) who were blinded to subject identification and

driving performance data performed post hoc scoring of
MS episodes. In cases of lack of consensus or excessive
EEG artifact, episodes were not scored as MS events to
avoid any bias towards overscoring.
Measured subjective scales
Immediately preceding each simulated drive, subjects were
asked to complete instantaneous ratings of sleepiness and
alertness, using 10-cm VAS of sleepiness (VAS-S) and alertness (VAS-A). The possible range of VAS scores was 0–10.
Statistical analysis
To analyze time-of-day effects, a repeated-measures
analysis was performed. Mean scores on the primary
dependent variables were measured for each individual
30-min testing period, and a composite mean score was also
calculated using the mean of the four testing sessions. As we
were interested in comparing differences in performance and
neurophysiologic and subjective measures that were
repeated four times per subject, independence of data could
not be assumed. Thus, paired t test for the continuous
variables and McNemar’s test for the two categorical
variables (MS episodes and crashes) were used to assess
within-group differences. Pearson correlation coefficients
were calculated for total crash risk and all measured
variables. The data were analyzed and stored using the
SPSS 11.5 program (Statistical Package for the Social
Sciences; SPSS, Inc., Chicago, IL).
Results
Of 34 recruited subjects, two were excluded due to
abnormal sleep duration/quality on sleep screening questionnaires. One was excluded due to technical problems
relating to software malfunction during testing. Furthermore, one subject did not complete the final simulation of
the day due to scheduling issues. No subjects reported
simulator sickness. In total, 31 healthy individuals were
assessed (21 males, 10 females; mean age, 31.3F2.1 years;
mean CES-D score, 7.2F1.0; mean ESS score, 6.5F0.6).
Multimodal data were obtained for four separate 30-min
simulation performance periods (1000, 1200, 1400, and
1600 h), with performance and neurophysiologic and

Table 1
Absolute mean values for repeat simulations: performance variables, MS episodes, and subjective sleepiness/alertness ratings
Time of
day (h)

Speed
(km/h)

1000
1200
1400
1600
Total

87.5F4.7
89.5F8.0
89.5F4.4
90.2F4.6
89.2F4.5

Speed variability
(km/h)
1.0F4.6
1.2F7.9
1.1F4.2
1.6F4.4
0.7F4.3

Tracking (%)

Tracking
variability (%)

RT (s)

Crash

29.8F5.4
28.3F3.9
28.5F3.9
28.9F4.3
28.9F4.1

8.3F2.8
8.3F2.8
8.5F2.5
8.3F2.6
8.4F2.4

0.96F.45
1.05F.42
1.09F.39
1.04F.39
1.04F.39

1.2F1.7
1.3F1.7
1.6F2.0
1.3F1.3
1.3F1.2

MS episodes

Subjective
sleepiness
(VAS-S)

Subjective
alertness
(VAS-A)

0.6F1.1
0.6F1.2
0.9F1.8
1.2F1.6
0.8F1.2

2.7F1.7
2.2F1.7
2.5F1.8
2.6F2.1
2.6F1.4

7.3F1.3
7.4F1.8
7.6F1.6
7.2F2.1
7.4F1.5

Mean values and standard deviations for all measured variables (see Methods for further description of units used to describe each variable).
Standard deviation may appear exaggerated for discrete variables with low base rates due to a skew towards zero.
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Table 2
Repeated-measures comparison of variation between repeated simulation drives
Time-of-day
comparison (H)

Speed

Speed variability

Tracking

Tracking
variability

RT

Crash

MS episodes

Subjective
sleepiness

Subjective
alertness

1000
1000
1000
1200
1200
1400

.091
.0094
.0024
.999
.692
.489

.085
.0094
.0024
.897
.797
.564

.0074
.0284
.131
.592
.209
.165

.976
.777
.824
.767
.869
.469

.0374
.0104
.0394
.377
.881
.202

.750
.352
.541
.462
.762
.921

.798
.625
.0094
.484
.0144
.0304

.153
.693
.880
.343
.131
.704

.574
.377
.714
.658
.290
.068

versus
versus
versus
versus
versus
versus

1200
1400
1600
1400
1600
1600

Paired-sample t test comparison for continuous variables; McNemar’s test for categorical variables (MS episodes and crashes).
4 Indicates significance at Pb.05.

subjective variables summarized in Table 1. A pairedsample analysis of circadian within-group differences on
repeat simulations for each variable is shown in Table 2.
The following observations were made in conjunction
with this analysis.
A modest trend of increasing speeds with repeat drives
was noted. While speed and speed variability tended to differ
significantly on morning versus afternoon drives (i.e.,
comparison of 1000- vs. 1400/1600-h drives yielded
P=.009/.002 for both speed and speed variability), this
difference was not significant in differentiating morning
versus noontime drives, or noontime versus afternoon drives.
In further distinguishing morning versus afternoon
driving patterns, mean steering RT was significantly faster
on the first drive of the day compared to all subsequent
drives, with Pb.05 observed for all comparisons ( P=.037/
.010/.039 in comparing 1000-h RT values to other drives).
This circadian difference in RT was not observed at a level
of statistical significance in comparing the noon and
afternoon drives to one another. A bar graph of mean RT
values for all simulations is shown in Fig. 1.
Tracking/position analysis also showed some modest
but statistically significant differences in distinguishing the
1000-h drive from the 1200- and 1400-h drives ( P=.007
and .028 respectively), with the mean road position
slightly deviating towards the median strip of the road
on the first drive compared to subsequent drives. Crash
rates did not exhibit significant diurnal variation. Overall,
crashes were relatively rare events, with boxplot calcu-

lations demonstrating a relative skewedness of .98F.43
(S.E.), as a value of bzeroQ was the outcome for the
majority of simulations.
On neurophysiologic monitoring, MS episodes were
significantly more frequent on the final afternoon drive
compared to all other testing sessions ( P=.009, .014, and
.030 in comparing the 1600-h driving session to the 1000-,
1200-, and 1400-h sessions respectively), as shown in Fig. 2.
Subjective ratings of sleepiness and alertness did not
show significant diurnal variation in this healthy cohort,
although comparison of VAS alertness self-ratings between
1400 and 1600 h approached significance ( P=.068).
Pearson correlation coefficients were calculated for total
crash risk (i.e., mean crash rate averaged over four drives) in
conjunction with mean values for all variables (i.e., MS
episodes as well as performance and subjective self-rating
measures; *significant correlation at the .05 level, **significant correlation at the .01 level, two-tailed analysis).
The mean total crash incidence showed the following
r values for each variable: VAS-S (r=.315, ns), VAS-A
(r= .278, ns), speed (r=.383*), speed deviation (r=.349,
ns), tracking (r=.209, ns), tracking variability (r=.538**),
RT (r=.389), and MS episodes (r=.748**).

Fig. 1. Mean RT (corrective steering maneuvers, continuous digital
sampling) and standard error are shown for each 30-min driving simulation
and the mean of all simulations. Note the wide range used for the Y-axis.

Fig. 2. Mean number of MS episodes per simulation (PSG monitoring
during driving task) and standard error are shown for each 30-min driving
simulation and the mean of all simulations.

Discussion
This investigation was intended to serve as a study of a
normative cohort for the multimodal assessment of fitness-
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to-drive vis-à-vis drowsiness. A convergent methodology,
including an analysis of all three lines of data (subjective
ratings, performance, and neurophysiologic data), appears
as a useful methodology in obtaining a comprehensive
neuroergonomic profile of the driver. While multiple testing
sessions throughout the day allow for direct comparison to
currently used daytime PSG tests, the advantage of our
protocol is that it involves assessment of a simulated
behavior approximating the breal-worldQ behavior of driving, rather than inferring this from noninteractive tests such
as the MSLT or the MWT.
In designing a comprehensive protocol for normative
standards to assess excessive sleepiness in the context of
driving, it was of interest to retain some of the more
potentially valuable information that might be imparted
through an MWT paradigm (i.e., the objective documentation of PSG-verified sleep propensity in a prolonged
soporific task, with attention to circadian variation in
sleep proneness and alertness). Thus, in this study,
PSG recordings of subjects were performed simultaneous
to simulator performance testing as a potential correlate
of impairment.
In this cohort of 31 healthy individuals, we have shown
that there are clear fluctuations throughout the day in
psychomotor reactivity and in the presence of EEG activity
suggestive of sleep proneness. PSG monitoring during
simulator testing offers a more complete and sensitive
causative model of sleep-related performance changes to the
clinician than simulation testing alone [11–15] or PSG
recording alone using sleep-onset scoring, which requires a
full epoch of sleep to occur [4]. Peak performance (lowest
RT and speed variability) was noted in the morning, with a
tendency towards deterioration throughout the day, and peak
tendency to experience MS episodes while driving was
noted in the late afternoon. It remains arguable whether
performance decrement is due to true circadian variation in
sleep proneness [31,32] or task fatigue (i.e., reduced ability
to perform a monotonous task on repeated prolonged
exposure) [33,34]. Furthermore, individual circadian differences in bmorningnessQ versus beveningnessQ have been
shown [35], meaning that these general findings will not
apply to all healthy test subjects.
The results in this controlled prospective laboratory
protocol indicate peak crash risk in the afternoon, based
on performance and MS monitoring, which would appear to
correspond to the retrospective epidemiological literature
analyzing time-of-day and sleep-related vehicle collisions
[36 –39]. Although the actual rate of collisions in this
simulation paradigm did not vary with statistical significance, one must remember that crashes are rare dramatic
events with a low base rate of occurrence, unlike the
assessment of RT and speed variability, which consist of a
continuous measurement of task vigilance. The fact that
tracking variability (also sometimes referred to as lane
drifting) did not show significant changes throughout the
day is likely due to the recurrent nature of the secondary

performance task of corrective steering behaviors intrinsic to
the RT measurement. In other studies of driver sleepiness
not containing secondary tasks, tracking variability has been
shown to be a possible sensitive discriminator of impairment in both simulated driving [14,16,17,40] and actual
driving [41,42]. This underscores the fact that driving is a
highly complex psychomotor task that should ideally be
assessed multimodally, with consideration given to numerous performance and neurophysiologic variables as well as
subjective experience.
In an ideal multimodal assessment, a more precise
temporal association between subjective state, EEG activity
signifying sleepiness, and performance testing could be
established using principal components analysis [23]. A
limitation of our study is that we did not analyze
simultaneous temporal association between MS episodes
and individual driving performance measures, as these were
largely continuously collected variables. The exception to
this is the variable of bcrashes,Q which were measured as
discrete events. In future studies, it would be particularly
interesting to clarify how often MS events preceded off-road
events. The high positive correlation of incidence of MS
episodes and crash events, higher than for any other variable
pair, is striking and suggests that research exploring the
probable causative role of MS episodes in contributing to
crashes would be invaluable.
Also noteworthy is the relative lack of correlation of
subjective self-ratings in predicting crash incidence, implying that healthy drivers may not be accurate self-assessors
in terms of predicting their potential risk of collision. A
limitation of this study was that subjective sleepiness and
alertness ratings were obtained prior to drives. In future
studies, it would be of interest to obtain numerous repeat
subjective state assessments from drivers throughout the
drive, although this continuous self-assessment behavior
could potentially be a cognitively activating activity
interfering with experimentally induced performance decrements on a monotonous task. This underscores the
valuable role of continuous EEG/PSG monitoring during
the driving behavior.
The finding that drivers’ own self-report ratings of
alertness and sleepiness did not vary diurnally in concordance with the objective measures is intriguing, as it suggests
that there may be some degree of intrinsic mismatch
between objective and subjective measures of sleepiness
and alertness. We propose that this is due to homeostatic
regulation in healthy individuals to discount and ignore
modest fluctuations in cognitive decrements. Our results
indicate that, even in healthy individuals, there may be a
divergence of objective and self-report measures of driver
vigilance and sleepiness. This raises the issue of insight
into impaired driving. Maclean et al. [1] and Arnedt
et al. [13,14,40] have argued that impairment in driving
performance due to sleepiness is analogous to alcoholinduced performance decrements, where, in addition to
psychomotor effects on the nervous system, diminished
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insight into impairment causes an additional level of risk to
the driver and to the public. Alternately, lack of acknowledgment or even frank denial of unfavorable states such as
disturbed wakefulness, mood, or cognition can be viewed as
an adaptive response. If individuals constantly paid close
attention to minor fluctuations in subjective psychophysiologic states, this would be excessively distracting or even
distressing. In a naturalistic setting of breal-worldQ driving,
however, if a driver relies solely on his or her own
subjective self-assessment of sleepiness and alertness, our
findings suggest that he or she may not be fully aware of
their decline in performance and of the growing risk of
falling asleep on prolonged drives. It is important to note
that these observations apply to this cohort of healthy and
relatively young subjects, and it is of particular interest
whether subjects with actual sleep disorders have an
increased awareness of fluctuations in self-observed alertness and sleepiness, as this population is at the greatest risk
for drowsiness-related collisions [1–3].
Simulator testing is, of course, only an approximation
of conditions occurring in the real world. More work needs
to be done in clarifying how well simulation variables such as
RT or lane tracking translate into actual on-road driving
situations [43]. As norms and standards of more ergonomically valid tests are developed, increasing emphasis will be
put on a multimodal assessment tool using converging
assessment methodologies, particularly if this could be integrated into actual commercial vehicles [44]. These normative
data are intended to provide impetus for improved standards
and measures in the ergonomic assessment of driver fatigue
and sleepiness, as researchers attempt to bridge the gap from
laboratory to roadside. Similar circadian-based simulator
protocols, which allow comparison to MSLT/MWT test
results, would be welcome. It clearly is informative to gather
neurophysiologic and subjective data in concert with
simulation data to form a comprehensive opinion of a
driver’s potential impairment state due to sleepiness and
fatigue, particularly if caused by underlying medical/
cognitive pathology.
Ongoing research compares this cohort of normal
controls to bhigh-riskQ patients who self-identify as having
excessive daytime sleepiness, using an identical protocol. It
is of obvious interest how such patients perform on a
soporific driving task, both with respect to MS episodes and
driving performance. As well, it will be of interest to
delineate the level of insight such individuals might have
into any impairments. It would appear desirable for
practitioners treating individuals with sleep disorders and
other conditions causing neurocognitive or psychomotor
impairments to have access to a standardized test with
greater ecological validity than currently existing daytime
tests that are recognized by legislative bodies. Finally, it is
important for clinicians and researchers to communicate to
legislators the limitations of current tests used to assess and
to report patients at risk for driving impairment.
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