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SUMMARY
It is critical in operational environments to identify individuals who are at
higher risk of psychomotor performance impairments. This study
assesses the utility of the Epworth Sleepiness Scale for predicting
degraded psychomotor vigilance performance in an operational environ-
ment. Active duty crewmembers of a USA Navy destroyer (N = 69, age
21–54 years) completed the Epworth Sleepiness Scale at the beginning
of the data collection period. Participants wore actigraphs and completed
sleep diaries for 11 days. Psychomotor vigilance tests were administered
throughout the data collection period using a 3-min version of the
psychomotor vigilance test on the actigraphs. Crewmembers with
elevated scores on the Epworth Sleepiness Scale (i.e. Epworth Sleep-
iness Scale >10) had 60% slower reaction times on average, and
experienced at least 60% more lapses and false starts compared with
individuals with normal Epworth Sleepiness Scale scores (i.e. Epworth
Sleepiness Scale ≤10). Epworth Sleepiness Scale scores were corre-
lated with daily time in bed (P < 0.01), sleep (P < 0.05), mean reaction
time (P < 0.001), response speed 1/reaction time (P < 0.05), slowest
10% of response speed (P < 0.001), lapses (P < 0.01), and the sum of
lapses and false starts (P < 0.001). In this chronically sleep-deprived
population, elevated Epworth Sleepiness Scale scores identified that
subset of the population who experienced degraded psychomotor
vigilance performance. We theorize that Epworth Sleepiness Scale
scores are an indication of personal sleep debt that varies depending on
one’s individual sleep requirement. In the absence of direct performance
metrics, we also advocate that the Epworth Sleepiness Scale can be
used to determine the prevalence of excessive sleepiness (and thereby
assess the risk of performance decrements).

INTRODUCTION

Occupations such as those held by US military personnel and
first-response team members are characterized by high
stakes, elevated stress and grave risks. These individuals
are often required to make split-second decisions with little
margin for error – yet their work patterns are tremendously
demanding, and their sleep is often sacrificed in order to
complete operational missions. While the entire team may be
sleep-deprived, it is critically important to be able to identify
those individuals who are at higher risk of degraded

performance and reduced alertness (a fitness-for-duty test)
to ensure the highest probability of mission success.
These operational environments also pose unique chal-

lenges for the study of human performance. Especially
evident in military environments, the ‘real world’ demands
on participants’ time make compliance with testing and
measurement procedures difficult. While laboratory models of
scientific inquiry require strict adherence to test schedules,
participants in operational environments have duties that
prevent them from total engagement in a testing regime.
Often, these individuals decline to participate in studies that
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make additional requirements on their time – or their
compliance is such that missing observations or limited
sample sizes make statistical inference problematic. There-
fore, to the extent possible, testing procedures in operational
environments must be unobtrusive, simple, reliable and
short. Researchers studying work and rest patterns of
individuals in operational environments need a short, reliable
screening tool for identifying individuals at risk of degraded
cognitive performance or restricted sleep patterns. If such a
tool were available, commanders could also use it to help
identify fatigue problems in their unit and to select the least-
fatigued candidates for missions. With this problem in mind,
we evaluated the Epworth Sleepiness Scale (ESS; Johns,
1991) to determine if ESS scores were predictive of
actigraphically determined sleep and psychomotor vigilance
performance of participants in an operational environment.
The ESS is a self-administered instrument designed to

assess levels of daytime sleepiness. Clinicians commonly
use the ESS in office settings as a screening tool to identify
individuals with excessive daytime sleepiness and potential
sleep disorders. Using a four-point Likert scale, participants
indicate their chance of dozing off or falling asleep in eight
different everyday situations. Responses are scored from 0 to
3, with 0 being ‘would never doze’, 1 is ‘slight chance of
dozing’, 2 is ‘moderate chance of dozing’ and 3 denotes a
‘high chance of dozing’. The participants are instructed to rate
themselves according to ‘your usual way of life in recent
times’. Responses are pooled to arrive at a total score
ranging from 0 to 24. A total score of more than 10 on the
ESS is an indication of higher than normal daytime sleepi-
ness and suggests the need for further evaluation (Johns,
1992). The questionnaire has a high level of internal
consistency as measured by Cronbach’s alpha, which ranges
from 0.73 to 0.88 (Johns, 1992).
Epworth Sleepiness Scale scores are influenced by multi-

ple factors. Olson et al. (1998) showed that ESS scores are
affected by psychological factors such as depression and
anxiety. These researchers suggest that the ESS should not
be used to demonstrate or exclude sleepiness as measured
by the Multiple Sleep Latency Test (MSLT). Another study
with patients suspected or confirmed to have obstructive
sleep apnea syndrome identified a statistically significant
association between ESS and self-reported sleepiness but
not with mean sleep latency (SL) on the MSLT (Chervin and
Aldrich, 1999). The authors suggest that the ESS scores are
not an effective surrogate for the MSLT.
In contrast to the previous studies where it was suggested

that objective tests like MSLT are a more reliable metric of
sleep propensity (SP), Johns (1994) focused on the fact that
ESS assesses average sleepiness in daily life. His work
supports the idea that individual measurements of SP involve
three components of variation in addition to short-term
changes: the average SP, which is a general characteristic
of the participant; the situational SP, which is characteristic of
the situation in which SP is measured; and a third component
that is specific for both participant and situation. Johns states

that Total ESS scores provide an assessment of the
individual’s average SP that can be measured as reliably
as the mean SL in the MSLT.
Although the ESS has been used extensively in clinical

research settings to identify excessive daytime sleepiness,
our review failed to identify any studies that focused on the
association between ESS scores and cognitive performance
in operational environments. Especially in the military envi-
ronment, which is characterized by performance under
conditions of chronic sleep deprivation and fatigue (Miller
et al., 2008, 2012), the ESS may serve as a rapid screening
tool to identify individuals who are at higher risk of psycho-
motor performance impairments. The goal of the current
study was to investigate whether ESS scores can be used to
differentiate between levels of psychomotor vigilance perfor-
mance in individuals working in a naval environment.

MATERIALS AND METHODS

Participants

The study sample included active duty crewmembers from
USS JASON DUNHAM, a US Navy Arleigh Burke-class
destroyer, Bath Iron Works, Bath, Maine, USA.

Equipment

Actigraphic estimates of crewmembers’ sleep were obtained
using the Motionlogger Watch [Ambulatory Monitoring Inc
(AMI), Ardsley, NY, USA] using the zero-crossing mode.
Analysis of the actigraphic recordings was performed using
Action-W version 2.7.2155, [AMI, Ardsley, NY, USA] software
using the Cole–Kripke algorithm with rescoring rules and the
following parameters: epoch length = 1 min, zero-crossing
mode. Actigraphic recordings followed the recommendations
of Standards of Practice Committee of the American Acad-
emy of Sleep Medicine (2003). Participants were instructed to
wear the wrist activity monitors on their non-dominant wrist at
all times of the day and night during the study period.
Participants completed a daily activity log to indicate their
activities in 30-min increments, to include sleep and naps
during the study. This log was tailored to the specific activities
of the ship’s schedule.
Performance data were collected using the psychomotor

vigilance test (PVT; Dinges and Powell, 1985). The PVT is a
simple reaction time (RT) test where participants press a
response button as soon as the stimulus appears on the
screen. PVT performance is affected not only by sleep loss
but also has been shown to be sensitive to circadian
rhythmicity (Dinges et al., 1997; Doran et al., 2001; Durmer
and Dinges, 2005; Jewett et al., 1999; Wyatt et al., 1997).
The PVT has only minor learning effects. Asymptotic perfor-
mance can be reached in one-three trials (Balkin et al., 2000;
Dinges et al., 1997; Jewett et al., 1999; Kribbs and Dinges,
1994; Rosekind et al., 1994). The test’s nominal inter-
stimulus interval (ISI), defined as the period between the

ª 2014 European Sleep Research Society

ESS predicts psychomotor performance 175



last response and the appearance of the next stimulus,
ranges randomly from 2 to 10 s. The standard version of the
PVT has a duration of 10 min (Loh et al., 2004). However,
shorter versions have also been shown to assess sleep
deprivation effects (Basner and Dinges, 2011; Loh et al.,
2004). Because operational demands prevented the use of
the 10-min version in this study, we used the 3-min version of
the PVT (PVT-192) that is included as an optional feature on
the AMI actigraphs. The ISI ranged from 2 to 10 s. The letters
‘PUSH’ were backlit in red and served as the visual stimulus.
RTs were displayed to the study participants in milliseconds.

Procedures

The study protocol was approved by the Naval Postgraduate
School Institutional Review Board; participants provided
written informed consent before enrolling in the study. The
data collection occurred from 3 December to 18 December
2012 onboard a naval vessel underway in a forward-
deployed area of operations. Sea state was relatively calm
during the data collection period. Participants had been in
their underway routine for a period of approximately
5 months before the study commenced. After enrolling in
the study, participants completed a series of questionnaires,
including the ESS (Johns, 1991), the Pittsburgh Sleep Quality
Index (PSQI; Buysse et al., 1989) and the Morningness–
Eveningness Questionnaire (MEQ; Horne and €Ostberg,
1976). Participants were issued Motionlogger actigraphic
devices and were instructed to take the PVT four times per
day, before and after standing for each of two daily watch
periods. They were also asked to fill out daily activity logs
divided into 30-min increments to indicate how they spent
each day.

Analytical approach

This study was part of a broader study conducted onboard a
USN destroyer to assess the impact of watch schedule on
sleep quality and psychomotor vigilance performance. The
subset of data selected for this analysis was an 11-day period
from 4 December to 14 December 2012. Actigraphic record-
ings were used to determine bedtime, wake time and sleep
episode duration. These data were entered into a Microsoft
Excel spreadsheet. Statistical analysis was conducted with
JMP statistical software (JMP Pro 10; SAS Institute, Cary,
NC, USA). Imputation was neither needed nor used. All
variables underwent descriptive statistical analysis to identify
anomalous entries and to determine demographic character-
istics.
Average time in bed (TIB) and sleep amounts were

calculated from actigraphic data by day and participant.
Sleep episode duration and bedtime/wake time were derived
from the actigraphic recordings and were verified by the self-
reported activity logs. After verifying the bedtime and wake
times, Action-W 2.7.1 was used to calculate TIB and sleep
duration. Individuals with missing actigraphy data were

excluded from the analysis to avoid systematic errors.
However, those individuals who had only actigraphy (i.e.
their activity logs were missing) were included in the analysis.
Similarly, PVT metrics were calculated to get an average
PVT score for each individual over the entire study period.
Non-parametric correlations (Spearman’s rho) were calcu-
lated between ESS scores, average TIB and sleep duration,
and average PVT metric.
Sleep analysis was based on two metrics, the average

daily TIB and the average daily sleep amount per participant.
Based on recommendations of Basner and Dinges (2011),
PVT performance was assessed using seven different
metrics: mean RT; mean response speed (1/RT); fastest
10% RT (i.e. 10th percentile of RT); slowest 10% of 1/RT (i.e.
10th percentile of 1/RT); percentage of lapses; percentage of
false starts; and percentage of lapses and false starts
(combined). A 500-ms threshold has been used commonly
in PVT research to identify lapses, i.e. responses with a RT
greater than or equal to the specified threshold (Loh et al.,
2004). However, a 355-ms lapse threshold has also been
applied with success (Basner and Rubinstein, 2011; Basner
et al., 2011). For this study, we used both the 355-ms and the
500-ms lapse thresholds for the analysis of the 3-min PVT
data.

RESULTS

Sixty-nine crewmembers (53 males, 16 females; age:
M = 28 years, SD = 6.04) volunteered to participate in the
study. Twenty-one participants were officers and 48 were
enlisted personnel, with an average of 6.15 years in service
(SD = 5.34). Fifty-seven participants (82.6%) were studied
while they were working a rotating watchstanding schedule.
The average MEQ score was 49.4 (SD = 7.22), ranging

from 35 to 66. Eight (11.6%) of the participants were
identified as ‘moderately morning type’, 53 (76.8%) as
‘neither type’ and eight (11.6%) as ‘moderately evening
type’. The average PSQI Global score was 8.49 (SD = 3.30,
MD = 8), ranging from 3 to 18. PSQI scores indicated that
only five participants (8%) were ‘good sleepers’ (PSQI score
< 5). PSQI Global scores were negatively correlated with
MEQ scores (Spearman’s q = �0.285, P = 0.021). Study
participants had an average ESS Total score of 10.6 (SD =
3.93, MD = 10), ranging from 2 to 22 (Fig. 1). Not surpris-
ingly, ESS Total scores were significantly correlated with
PSQI Global scores (Spearman’s q = 0.519, P < 0.001).
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Figure 1. ESS scores. Number above each bar denotes the number
of participants.
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Participants received an average of 6.72 h of daily sleep
(SD = 0.856, MD = 6.76), ranging from 4.9 to 8.78 h. On
average, their TIB was 7.39 h daily (SD = 0.897, MD = 7.4),
ranging from 5.66 to 9.65 h. Each participant had an average
of 26 PVT trials (SD = 8.61, MD = 26, minimum = 12, maxi-
mum = 44). Table 1 describes PVT performance in terms of
the metrics used in this study. Each of the metrics was
averaged per participant.
Table 2 shows the non-parametric correlations (Spear-

man’s rho) between ESS scores, sleep and the nine PVT
metrics. Scores on the ESS were significantly correlated with
daily TIB and daily sleep duration, as well as eight of the nine
PVT metrics except the fastest 10% of the RTs. Both the 355-
ms lapse threshold and the 500-ms lapse threshold were
significantly correlated with ESS scores in a positive direc-
tion, although the 500-ms lapse threshold had a higher
correlation (0.391 versus 0.453) than the 355-ms lapse
threshold.
Next, participants were divided into two groups (Normal

and Elevated) according to their ESS scores. The Normal
ESS group was comprised of those individuals with an ESS
score less than or equal to 10, while the Elevated ESS group
was made up of those individuals with an ESS score greater
than 10, the cutoff recommended by Johns (1991, 1992).
Table 3 lists all variables that were compared (column 1), the
average value and standard deviation of those variables for
the Normal ESS group (column 2), the average value and
standard deviation for the Elevated ESS group (column 3),
the significance levels that resulted from comparing those
means (column 4), and the percentage-wise difference in
mean values between groups (column 5). The two-sided
Wilcoxon Rank Sum test was used to calculate these
differences; probabilities fluctuated from P = 0.036 to P <
0.001. Results showed that the two groups differ significantly
in both daily TIB and sleep duration and in all of the PVT
metrics assessed, except the fastest 10% RT.
The two groups differed not only in average PVT perfor-

mance, but they also differed in the variability of their
performance. In Table 3, column 5 shows the percent
difference between the means of the two groups. The largest
difference was for the variable ‘Lapses over 500 ms’, which

showed a 150% difference between the Normal and Elevated
ESS groups. In general, crewmembers with an ESS > 10, the
Elevated ESS group, had increased variability in most
metrics when compared with the Normal ESS group with
ESS≤ 10.
Both daily TIB and sleep duration are significantly lower in

the Elevated ESS group (also shown in Fig. 2). Compared
with the Normal ESS group, the Elevated ESS group has
approximately 60% slower RTs (Fig. 3) and a greater than
77% increase in false starts and lapses (Fig. 4). The
Elevated ESS group also has increased variability by more
than 110% in seven of the PVT metrics (mean RT, fastest
10% RT, percentage of 355-ms and 500-ms lapses, percent-
age of false starts, percentage of 355-ms/500-ms lapses and
false starts combined) compared with the Normal ESS group.
Figs 2–4 show the results of these tests for daily TIB, daily
sleep duration, RT, lapses and false starts by ESS classifi-
cation. The black columns indicate the Normal ESS group,
while the Elevated ESS group is shown by the white column.
Vertical bars represent 1 SD.

Table 1 PVT metrics for all study participants

PVT metric M SD MD Minimum Maximum

Mean RT (ms) 396 247 336 214 1691
Mean 1/RT 3.94 0.753 3.90 0.922 5.32
Fastest 10% RT (ms) 207 80.3 192 140 780
Slowest 10% 1/RT 2.45 0.667 2.42 0.464 3.66
False starts (%) 2.23 2.19 1.69 0.15 13.0
Lapses 500 ms (%) 9.19 13.1 7.02 0.65 97.5
Lapses 355 ms (%) 18.4 15.8 14.6 1.06 99.7
Lapses 500 ms + false starts (%) 11.4 13.7 8.50 1.17 98.7
Lapses 355 ms + false starts (%) 20.7 16.2 17.4 1.49 99.5

PVT, psychomotor vigilance test; RT, reaction time.

Table 2 Correlation results

Variable ESS
Daily TIB
amount

Daily sleep
amount

Daily TIB amount �0.330**
Daily sleep amount �0.298*
Mean RT 0.454*** �0.278* �0.286*
Mean 1/RT �0.270* 0.251*
Fastest 10% RT �0.221
Slowest 10% 1/RT �0.409*** 0.220
False starts (%) 0.210
Lapses 500 ms (%) 0.453† �0.230 �0.214
Lapses 355 ms (%) 0.391*** �0.226
Lapses 500 ms +
false starts (%)

0.485† �0.240* �0.266*

Lapses 355 ms +
false starts (%)

0.430*** �0.237* �0.205

ESS, Epworth Sleepiness Scale; RT, reaction time; TIB, time in
bed.
Inclusion criterion: P < 0.10.
*P < 0.05; **P < 0.01; ***P < 0.001; †P < 0.0001.

ª 2014 European Sleep Research Society

ESS predicts psychomotor performance 177



Next, we assessed the predictive ability of ESS scores to
identify crewmembers with degraded PVT performance, i.e.
slowed RT, or increased lapses and false starts. For this
analysis, we again divided the participants into two groups.
The two groups were individuals with RTs above and below
the 50th percentile of all RTs. Based on this classification
scheme, the odds ratio is 6.2 [95% confidence interval (CI):
2.1–18.4] for individuals with an ESS > 10 (i.e. Elevated ESS
group) to have slowed RTs (i.e. RTs > 50th percentile).
Similarly, the odds ratios are 7.1 (95% CI: 2.4–21.0) and 4.6
(95% CI: 1.6–13.2) for these same individuals in the Elevated
ESS group to experience more 500-ms lapses and false
starts or 355-ms lapses and false starts, respectively (i.e.
lapse rate and false starts > 50th percentile). Stated simply,
individuals with an elevated ESS score are twice as likely to
experience lapses and false starts and to have slowed RTs
(relative risk = 2.0–2.5).

DISCUSSION

Over the past decade, research into individual sleep require-
ments has documented that individual differences in sleep
requirements exist (Grant and Van Dongen, 2013; Kuna
et al., 2012; Rupp et al., 2012; Van Dongen, 2012). Although
we do not understand the causal mechanisms, we now
recognize that some individuals need less sleep than others,
while other individuals appear much less vulnerable to the
effects of sleep deprivation. Identifying an individual’s unique
sleep requirement (and determining what, if any, level of
sleep debt exists at any given point in time) has proven
difficult. In operational environments, this capability would be
a boon to leaders who must make decisions about which
team members are better rested and up to performing critical
tasks.

Table 3 Comparison between Normal and Elevated ESS groups

Variable
Normal group
ESS≤ 10

Elevated group
ESS > 10 P-value*

Percent difference
in means Normal
group versus
Elevated group

Percent difference
in SD Normal
group versus
Elevated group P-value†

(1) (2) (3) (4) (5) (6) (7)

Daily TIB (h) 7.59 (0.97) 7.13 (0.72) 0.032 �6.06 �25.8 0.075
Daily sleep (h) 6.91 (0.89) 6.47 (0.75) 0.036 �6.37 �15.7 0.362
Mean RT (ms) 315 (81.7) 508 (343) <0.001 61.3 320 <0.001
Mean 1/RT 4.13 (0.6) 3.68 (0.87) 0.036 �10.9 45 0.312
Fastest 10% RT (ms) 192 (27.1) 228 (118) 0.117 18.8 335 0.023
Slowest 10% 1/RT 2.68 (0.57) 2.14 (0.68) <0.001 �20.2 19.3 0.888
False starts (%) 1.64 (1.28) 3.04 (2.86) 0.020 85.4 123 0.004
Lapses 500 ms (%) 5.63 (4.30) 14.1 (18.6) <0.001 150 318 0.005
Lapses 355 ms (%) 13.8 (9.53) 24.8 (20.2) 0.002 77.6 117 0.014
Lapses 500 ms + false starts (%) 7.28 (4.65) 17.1 (19.1) <0.001 135 311 0.007
Lapses 355 ms + false starts (%) 15.4 (9.54) 27.9 (20.4) <0.001 81.2 114 0.016

ESS, Epworth Sleepiness Scale; RT, reaction time; TIB, time in bed.
*Wilcoxon Rank Sum test results for the comparison in the mean values between groups.
†Levene’s test for equality of variances between groups.

Figure 2. Average time in bed and sleep in hours by ESS
classification.

Figure 3. Average reaction time in milliseconds by participant by
ESS classification.
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Results of our study showed that ESS scores were a better
predictor of degraded psychomotor performance than acti-
graphic sleep alone. Individuals with elevated ESS scores
also experienced prolonged RTs, greater numbers of lapses
and false starts, and increased variability in most psychomo-
tor performance metrics. This latter increase in variability
suggests that individuals with elevated ESS scores exhibit
‘state instability’, a phenomenon in which their performance
varies greatly, making it hard to rely on them to respond in a
consistent manner.
If this finding can be replicated and extended to other

populations, the ESS could be used as a screening tool to
identify individuals who are overly fatigued and at higher risk
of performance decrements – in short, a brief fitness-for-duty
assessment. It is possible that the US Navy, by virtue of its
selection and training process, and through the self-selected
attrition of its population, has in effect screened its members
and retained those individuals who are able to continue
performing in the face of restricted sleep. These Navy
policies may serve to weed out those who are less resistant
to sleep deprivation. However, when significant levels of
fatigue exist such that performance is affected, elevated ESS
scores are able to identify it.
It is also possible that ESS scores would not be useful as a

fitness-for-duty tool in a civilian population – or in individuals
who are willing to ‘game the system’ by providing ESS
answers that meet another need. There are documented
situations where individuals falsify their answers either
exaggerating their fatigue in order to avoid work or underes-
timating their fatigue in order to ensure that they are allowed
to work (Parks et al., 2009; Talmage et al., 2008). This
question of the veracity of responses is a critical issue to
consider for the ESS to be used as a fitness-for-duty test. The
military population may differ from the general population in
its accuracy in reporting ESS scores. They may respond
more honestly because inaccurate reporting could endanger

fellow service members by failing to truly report their level of
sleepiness.
We theorize that ESS scores are an indication of personal

sleep debt that varies depending on the current opportunity
for sleep combined with an individual’s own sleep require-
ment. In the absence of direct performance metrics, the ESS
may be a useful means of assessing fitness-for-duty by
identifying individuals at higher risk of degraded psychomotor
vigilance in operational environments.
Although this study focuses on the ESS, the literature

provides a number of other tools measuring sleepiness (e.g.
Akerstedt et al., 2014; Ftouni et al., 2013). Future studies
should assess and compare the utility of these tools as
fitness-for-duty predictors.
A limitation of this study is the extent that ESS can detect

acute sleepiness. As noted by Johns (1994), the ESS
assesses average sleepiness in daily life. In contrast to
ESS, the PVT is sensitive to both acute (Doran et al., 2001)
and chronic partial sleep deprivation (Dinges et al., 1997).
Therefore, while our results are consistent with other data in
clinical settings (Batool-Anwar et al., 2014), ESS may not
predict acute situational compromises in persons who are
acutely sleep deprived, but not chronically so. This problem is
ameliorated by the findings of multiple operational studies
though, showing that military populations are chronically
sleep deprived (Miller et al., 2008, 2011, 2012).
In conclusion, the results from the current study suggest

the potential use of the ESS in military operational environ-
ments as a simple and rapid method to identify individuals at
higher risk of decrements in psychomotor vigilance perfor-
mance, and for estimating the prevalence of excessive
sleepiness in a given population at a point in time. Based
on these findings, future studies should further investigate the
generalizability of these findings to other military and oper-
ational environments.
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