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CHAPTER

20

'The Role of Sleep in the Military

Implications for Training and Operational Effectiveness

Nita Lewis Miller. Panagiotis Matsangas, and Aileen Kenney

— .

Abstract

military training, military education

| This chapter addresses the role of sleep in a variety of military settings, ranging from military education
I | and training regimes and extending to military missions and combat operations. It begins with a broad
overview of the scientific literature related to sleep and performance. It then describes a ten-year
series of studies conducted at the Naval Postgraduate School that addresses fatigue and sleep
restriction in military settings. These studies include a series of efforts examining sleep patterns of
sailors aboard U.S, Navy warships and submarines; studies that focus on shifting the timing of sleep
during training and educational programs for Navy recruits at Great Lakes, lllinois and Army basic
combat trainees at Fort Leonard Wood, Missouri; a four-year longitudinal study describing the sleep in
] cadets at the United States Military Academy in West Point, New York; and studies of sleep in
operational environments, including surveys of warfighters while deployed and recently returned from
combat in Southwest Asia. Many of these studies are reviewed in the chapter, which concludes with
recommendations advocarting the inclusion of sleep as a factor when calculating military effectiveness.

Keywords: Sleep restriction, sleep deprivation, human performance, fatigue, military operations,

Military operations span a wide spectrum ranging
from basic military training and educacion, through
an war (MOOTW), o
war itself. By their very nature, military operations

military operarions other

are conducted under tremendously stresstul condi-
tions. [ndividuals .in military serrings are under
pressure to continue to conduct operations when
quality sleep may be a rare commodity—and some-
times, they are asked ro perform without any sleep
at all. Their duries expose them o life-and-dearh
sitwations in environmentally hostile conditions
that may even include facing enemy combarants.
While the impact of tatigue is nor restricted o the

military, the combined cifects of a muldtude of

acure and chronic stressors—including severe sleep
restriction —make the military  populadon both
unique and relevant o study when exploring the

range and limits of human performance.
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An Overview of Sleep

This first section of the chaprer provides the ratio-
nale and scientific justification for the entirety of
the program of research thar follows. It begins with
a discussion of circadian rhythms and the require-
ment f('}l' hIt't"P i” hlll'ﬂ'&lls. It [hfn Pi'l.."lvides a Shﬂl—[
tutorial on sleep architecture rhat describes the
function and purpose of various stages of sleep. This
introductory sleep overview concludes with a sum-
mary of the eftects of restricted sleep on various

kinds ot human pcrt‘urm;ln ce.

Circadian Rhythms and Requivements

for Sleep in Humans

Human alerrness waxes and wanes in a |‘ligh|)’
predicrable manner over the course of a 24-hour
day. Known as the dircadian cvde (cirea = about,
dies = day), this pattern occurs naturally and is



represented in a diurnal pattern of sleep and
wakefulness. Many other physiological parameters
are aligned with this same circadian rhythm. For
example, core body temperature and hormones such
as melatonin, cortisol, human growth hormone
(HGH), and the more recently discovered hor-
mones leptin and ghrelin, are known to have circa-

dian patterns of release and action. Together, these’

hormones have a huge impact on human perfor-
mance, mediating sleep and wakefulness as well as
growth and cellular repair, hunger, and satiation.
Although science discovers more every day about
the contributions of these hormones, it is evident
from our current knowledge that they are vital to
our physical and mental health and well-being.

In his autobiographical account of the first
nonstop, trans-Adantic flight, Charles Lindbergh
(1953) wrote:

My mind clicks on and off. . . . I try letting one
eyelid close ar a ime while | prop the other open
with my will, but the effort is roo much. Sleep is
winning. My whole body argues dully that
nothing—nothing that life can artain, is quire so
desirable as sleep. My mind is losing resolution and
control.

Despite efforts to refrain from sleeping, our
bodies require it just as we require food and water.
As humans, approximately a third of our life is spent
asleep. For the most part, humans have adapted to
the standard 24-hour day, although research con-
ducted in temporal isolation facilities shows that
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without light or other cues such as exposure to light,
mealtimes, and daytime sounds, many humans have
an innate 24.5 to 25.0 hours clock (Horne, 1988).
Horne (1988) defines sleep as “the rest and recovery
from the wear and tear of wakefulness.” Sleep and
sleep deprivation have been studied for decades—
yet sleep remains a mysterious, but vital, require-
ment for life to be sustained. If deprived of sleep for
longer than 14 days, humans will die (Coren,
1997).

‘There is almost universal acknowledgement
that healthy adult humans require approximately
cight hours of sleep each night for full cognitive
funcrioning (Anch et al., 1988). However, it is also
recognized that there is considerable variability
among individuals, with some requiring more and
some less than eight hours of sleep per night (Van
Dongen & Dinges, 2000). Not only are there differ-
ences between individuals in sleep requirements,
but there are also fairly predictable changes in sleep
patterns that occur within an individual over the
course of a lifetime. Figure 20.1 illustrates the
changes in sleep patterns that are seen over a typical
lifespan.

As can be seen, newborn infants have highly
disrupted sleep patterns and generally get little
contiguous sleep. To the great relief of their parents,
most infants are sleeping through the night by the
time they reach one year of age. Napping, a practice
common in babies and young children, tends to
disappear as children reach elementary school
age. In adolescents and young adults through the
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Fig. 20,1, Sleep patterns over a typical lifespan (Miller, Matsangas, & Shactuck, 2008).
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mid-20s, there is another interesting shift in sleep
parterns. This age group actually requires approxi-
mately 0.50 o 1.25 hours more sleep per nighe than
de their adule counterparts. Coinciding with the
pattern of melatonin release in this age group.
hedtime is delayed, with even later awakenings
(Carskadon., 2002; Carskadon et al., 1995; Wolfson
& Carskadon, 1998, 2003), This change is impor-
tant for the discussion of sleep in the military since
many military service members, especially junior
enlisted and junior othcer personnel. are sdll in chis
adolescent and voung adule sleep caregory and con-
sequently require from 8.50 o 9.25 hours of sleep
per night (Miller & Sharruck, 2005). By the time
individuals reach their mid-20s-—and continuing
through their middle-age vears—sleep requirements
are fairly stable, av around eight hours per night.

Sleep Architecture in Humans

At one time, it was thought that nothing happened
in the brain during sleep. However, it is now known
that there are times in which che sleeping brain is
more active than during its waking stare. While
asleep, it is impossible to monitor our own behay-
ior. Consequently. over the years, scientsts have
developed various techniques (e.g., polysomnogra-
phy, or PSGJ to gain insight into the acdvities of the
sleeping brain. This technique includes measuring
the electrical activity at the surface of the brain using
clectroencephalographic (EEG) electrodes placed
on the scalp (Kryger, Roth, & Dement, 2000),
During PSG procedures, electrodes also caprure the
respiratory patterns and muscle activity that occur
during sleep.

Recordings show that over the course of a typicy
cight-hour sleep period. the human brain exper;
ences two broad categories ot sleep: non-rapid ey
movement (NREM) and rapid cye movemen
(REM). These two sleep categories have ditferen:
functions and are characterized by distinctive behay.
iors, NREM sleep can be further divided into fiv
sleep stages: Stage 0 (the awake state) and tour pro.
gressively deeper sleep stages (Stage | through Stag
4). Typical sleep stages over the course of a night'
sleep are illustrated in Figure 20.2.

As shown in Figure 20.2. all of these sleep stage:
are generally experienced over a single sleep cycle
that lasts approximarely 90 minutes. Research has
demonstrated that much of the first half of an eighr-
hour, contiguous night of sleep is spent in deeper
sleep (Stages 3 and 4), while Stages 1 and 2 and
REM sleep are more prevalent in the latrer half of
an eighe-hour sleep period.

Both REM and NREM sleep are necessary tor
normal functioning in hwmans. In a sleep labora-
tory, humans can be deprived of a single stage of
sleep, known as partal sleep deprivation or PSD.
When the sleep-deprived individual is allowed ro
sleep following PSD, the body tends o rebound
into the sleep stage from which it was deprived,
in an attempr to make up for the lost sleep. Total
sleep deprivation, or TSD, is when the research par-
ticipant is not allowed to sleep at all. When allowed
1o sleep after experiencing TSD), the body rebounds
by rapidly entering deep stages of sleep thar render
the brain almost unconscious, reminiscent of
brain activity under anesthesia. When sleepers are
awakened from deep sleep stages, they frequentdy
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Fig. 20.2 Seopr stagesovet a typical cighi-hour steep petind ( Miller et all. 2008)
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experience sleep inertia, characterized by reduced
alertness and cognitive functioning. While sleep
inertia is a normal occurrence upon awakening from
A normal nights sleep, it may last much longer when
1 sleeper is awakened from deep stages of sleep.
In operational environments where humans are
deprived of adequate amounts of deep sleep, both

conditions—the rebound into deeper sleep stages and -

the resultant sleep inertia when awakened from deep
sleep—pose significant risks to the military members
and those who rely on them to make good decisions

and perform effectively under time pressure.

The Effects of Sleep Deprivation on

Human Performance

The scientific literature clearly shows that sleep has
a dramatic effect on human performance in labora-
tory settings. Countless studies have identified the
deleterious effect of sleep deprivation on a wide
range of human cognirive functions such as arten-
rion, memory, mood, and decision making
(Broughton & Ogilvie, 1992; Dinges & Kiribbs,
1991; Dinges et al., 1997). These studies are well-
controlled trials that provide convincing results of
changes that occur with sleep restriction—in the
laboratory. However, in the military and other
related professions, there is often a relucrance to
accept such laboratory findings, coupled with the
assertion that motivation and determination will
allow individuals to perform in real-world environ-
ments despite fatigue and lack of sleep (Shay, 1998).
Sleep debt seems ubiquitous in the military, despite
policies that emphasize the importance of sleep
and fatigue-management for the operational readi-
ness of units deployed to combat environments
(Department of the Army, 2009; Department of the
Navy, 2007). As history has taught us, lapses in
attention and poor decisions made by members of
our armed forces can have serious and far-reaching
consequences. It is for these reasons thar research
must extend into naturalistic environments to
observe the consequences of chronic and acute sleep
deprivation during acrual operations and to chal-
lenge the notion that these individuals are immune
from performance decrements due to sleep loss.

Sleep Studies in Operational Environments
at the Naval Postgraduate School

The United States military has long been interested
in human performance in operational environ-
ments. It is nor surprising that many studies con-
ducred in the Operations Research Department at
the Naval Postgraduate School (NPS) focus on such

issues. Over the past decade beginning in 2002, a
group of NPS faculty and graduate students has
been actively studying human performance as it
relates to sleep in operational settings. Tables 20.1
through 20.3 list many of these operarional studies
and thesis efforts, the name of the primary investi-
gator (often an NPS graduate student), the date the
thesis or report was published, the focus of the
investigation, and a summary of its findings with
respect to sleep. The remainder of this chaprer is
divided into three sections according to these tables:
“Sleep in Naval Operations,” “Sleep in Training and
Educational Environments,” and “Sleep in Combat
and Operational Environments.” Many of the
findings from these studies are reviewed in the three
sections that follow. The chapter then concludes
with a discussion of the overall findings from these
studies of sleep in military settings.

Studies on U.S. Navy Submarines

This program of operational research began with
two studies that examined self-reported sleep pat-
terns of U.S. Navy submariners by Blassingame and
Gamboa. In her thesis, Blassingame (2001) evalu-
ated whether differences existed in the self-reporred
sleep of U.S. Navy submariners in four different
operational environments: (1) at sea, (2) in port,
(3) on shore duty, and (4) on leave. The analysis was
based on survey data of U.S. Navy enlisted subma-
riners (n = 143) with at least one year of experience
on Fleet Ballistic Missile Submarine (SSBN) or on
Fast Attack Submarine (SSN) platforms. Surveys
were administered either to sailors assigned to the
USS Providence (n = 93) or a convenience sample of
submariners receiving care at the Naval Ambulatory
Care Center (NACC) in Groton, Connecticut {7 =
74) who had served aboard SSBN or SSN platforms.
Survey respondents were asked to indicate the
number of hours they slept and the longest uninter-
rupted sleep they received in a typical 24-hour
period for each of the four operational conditions.
The resules of the study (see Figure 20.3) showed
that there are significant differences in the reported
quality and quantity of sleep berween the four oper-
ational conditions. Submariners reported gerting
less sleep (about six hours per night) while “at sea”
than in any of the other three conditions.

[n another survey of U.S. Navy submariners,
Gamboa (2002) focused on environmental con-
straints and time in service as factors related to sleep
and fatigue. His analysis was based on survey
responses from 258 submariners, which combined
the 143 respondents from Blassingame’s thesis with
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Table 20.1 NPS Sleep studies in naval operation

Naval Vessel Mission (Length  Participants Method of Gender  Average Da

of Study) Collecting Sleep Sleep in Ha

Data {+stdev)

USS PROVIDENCE and  NA 167 submariners  Survey NA Self-report -
other SSN or S5BN: (while at sez
Blassingame (2001) (NA)
USS PROVIDENCE, NA 258 submariners NA NA NA
USS CONNECTICUT,
and other SSN or SSBN:
Gamboa (2002)
USS STENNIS (CVN): Operation 33 enlisted Actigraphy and 22 males  6.28 (NA)
Nguyen (2002) Enduring sailors sleep logs (7 = 28) 6 females

Freedom 5 NA

NAO (3 days)
USS STENNIS (CVN): Operation 24 crewmembers  Profile of Mood 19 males NA
Sawyer (2004) Enduring States (POMS) 5 females

Freedom administration

(7 days)
USS HENRY M. A sea rrials (32 41 submariners  Actigraphy and Males 6.67 (+2.56,
JACKSON: days) sleep logs (n = 29)
Osborn (2004)
HSV-2 SWIFT: Transiting and 19 rotal; Sleep logs (mainly) 18 males 7.5 (+2.13)
McCauley, Matsangas, conducting 1 officer and actigraphy I female
and Miller (2004) sea-keeping trials 16 enlisted

(13 days) 2 civilians
HSV-2 SWIFT: GOMEX 05-1 21 roral; Actigraphy and 19 males 6.78 (+1.5)
Archibald (200%) MIW (8 days) 3 officers sleep logs (2= 21) 2 females

18 enlisted
USS CHUNG HOON Predeployment 25 rotal; Actigraphy (# = NA 7.27 (+1.03)
(DDG): Haynes (2007) training (14 days) 2 officers 22) and sleep logs
23 enlisted (n=25)

USS LAKE ERIE and USS ~ RIMPAC 70 Acigraphyand ~ NA 5,58 (+1.92)
PORT ROYAL (CG): Exercise 2008 (24 sleep logs (n = 70)
Mason (2008), and days)
unpublished data
USS RENTYZ: Predeployment 24 rotal, Acrigraphy and males 6.71 (NA)
Green (2009) workups (24 3 ofhcers sleep logs (1 = 24)

days) 21 enlisted
Sleep on Motion-Based Laboratory 12 NPS graduate  Actigraphy and 11 males NA
Platform: Grow & Sullivan, experiment (2 students sleep logs (n=12) 1 female
(2009) nights of sleep)

additional survey data obtained onboard the USS
Connecticut (SSN 22), a Seawolf-class attack subma-
rine. 'The purpose of this research was twofold: (1)
to determine whether the shift in working environ-
ment from shore duty ro sea duty had an effect on
enlisted submariner sleep patterns; and (2) ro assess

266 THE ROLE OF SLEEP IN THE MILITARY

whether length of time in service was related
self-reported oprimal sleep duration. As v
Blassingame’s study, Gamboa verified thar subm
ners reported shorter and more disrupted sl
patterns while underway. Rank, tdme in service,
time, and self-reported oprimal sleep durat



lable 20.2 NPS Sleep studies in training and educational environments

Unit or Program Mission (Length  Participants Method of  Gender  Average Daily Sleep

of Study) Collecting in Hours (tstdev)
Sleep Data

LSN Enlisted training at RTC,  Enlisted training 31 Actigraphy 20 males  6,1(£1.2)

Cirear Lakes: (=63 days) USN recruits  and sleep logs 11 females

Baldus (2002) (=31

L'SN Enlisted rraining at RTC.  Academic 2597 Test scores NA NA

Cirear Lakes: performance (3 USN recruirs  retrospective

Aundrews (2004) years of rest scores)

analysis; no

sleep data

[nired States Milizary Milicary ~1,400 (80 Actigraphy 50 males  5.60 (£1.49)
Academy, West Poing, 4-Year  undergraduate cadets selecred  and sleep logs 24 females
Longitudinal Study of Sleep in - university (4 years  for acrigraphic (1 = 80)
(aders: Kenney and of data, 2 months  recording) Surveys (# =
Neverosky, 2003; Miller, 2005:  per year) ~1.400)
tludﬁ‘a‘y. 2006: DeVany, 2008:
Miller and Shatruck (2005);
Miller e al. (2010)
USN Officer Candidare Officer training 20 Acrigraphy ~ NA NA
School, Newport, RI: and indoctrination  faculty and and sleep logs
('Connor and Parillo (2003) (6 days) students (n=20)
MAWTS-1: Flight training 13 rotal, Actigraphy NA Studenes: 5.62
Maynard (2008) WTT 2-05 (43 students (2 = and sleep logs Inscrucrors: 6.10
days) 6) (n=13)
INSIructors
H=7)
Flight training 20 Actigraphy males 7.05 (£0.74)
school WTT 1-06  students and sleep logs
(44 days) {1 =20)
Fore Leonard Wood: Basic combar 394 Actigraphy 59 males  Ineerveneion: 5.89
Miller er al. (2010) rraining (63 days  recruits and and sleep logs 35 females  (£1.21)
per unit) cadre (=94 Control: 5.33
recruits) (£1.18)

were also associated with the respondents’ sleep
patterns.

One of the more interesting findings of the
Gamboa thesis was that more -:xptricnced submuari-
ners reported needing fewer hours of sleep at sea,
compared to the amount rthey needed while on
shore duty. Tt was as if the more experienced subma-
riners knew rhat they were not going to be able to
ger adequate sleep while ar sea, so they reported
needing less sleep in chis condition. One explana-
tion tor chis finding could be that submariners who
dare maore susceprible to sleep deprivation are more
|'r]\'cl_\' to drop our of the service or find other
branches of military service more o their liking,

and the remaining service members were a self-
sclected group who required less overall sleep to
function. Another possible explanation offered was
cognitive-dissonance-reduction theory, which holds
that an individual will attempr to remedy a per-
ceived dissonance or disconnection berween two or
more conflicting beliefs. According to Gamboa,
these sleep-deprived submariners reported needing
less sleep while ar sea to reduce the perceived disso-
nance between the environment (that of continual
sleep deprivation) and the knowledge that they need
a certain amount of sleep to funcdon optimally.
While the individual’s actual sleep requirement did
not change between at-sea and in-port conditions,
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Table 20.3 NPS Sleep studies in combat and operarional operations

Unit or Conrext

Mission (Length of
Study)

Participants

Method of
Collecting Sleep
Data

Gender |

Average Daily
Sleep in Hours
(+stdev)

Warhghters in Iraq

Uperation [ragi

273 ronal:

SUTvVevs

237 males

Selt-report

and Kowaie: Freedom (O1F) 244 enlisted 24 temales 667 INA)
Duheney (2004) Phase IV (NA) 22 uificers 12 NA

USMC Rotary Wing  Rorary wing Hight 20 pilors acrigraphy and sleep NA 6.5 (+1.60)
Wiarion Battalion in - operations in lrag logs (2= 20)

Irag: (10 davs)

lunpublished dar,

2UM6)

Naval Aviacion Mine hunting 25 aircrew actigraphy and sleep 20 males 7.47 (£1.65)
MH-33 (Rorary operations (14 days) logs (n = 25) 2 females

Wing) squadron: 3 NA

Solberg (2006}

Fort Benning Survey:  Infantry officers 46 infanery  surveys Males Selt report by

Miller er al. (2010)

retuurning from Irag/
Afghanistan (NA)

officers

OPTEMPO:
Low: 7.8 (NA)
Moderate: 6.0
(NA)

High: 3.9 (NA)

NS Studies in Farigue in Naval Operations tfrom Table 20.1)

experienced submariners reported needing less sleep
while at sea because they have learned that ic will be
impossible to get adequare sleep while at sea.

A third NPS study on U.S. Navy submariners
was conducted by Osborn (2004) as part of a project

sponsored by the Naval Submarine Medical Research
Laboratery (NSMRL) in Groton, Connecticut. The
purpose of the study was to evaluate the feasibility
of a new watchstanding schedule that would be
more in line with naturally occurring circadian
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thythms. The swudy was conducted berween
October 29 and December 2, 2003, onboard the
USS Henry M. Jackson (SSBN 730 GOLD), a
nuclear-powered, ballistic missile submarine. Dara
on 41 male volunteers (average age 25.6 years) were
collected for 32 days and included exit surveys to
clicit feedback from the crew and objective mea-
sures of sleep using wrist-worn activity monitors.
Crewmembers were divided into three groups, each
one following a different warchstanding schedule
{rwo experimental groups, Schedules 1'and 2, and
one control group, Schedule 3). The control group
worked the 18-hour, three-section watch schedule
currently in use in the U.S. submarine fleet (Stolgitis,
1969). The two experimental (alternative) schedules
atempred to more closely simulate a 24-hour cycle
(Miller et al., 2003). Results showed that the par-
ticipants received, on average, 6.67 hours of daily
sleep while underway. Analysis showed that Schedule
| participants received the least amount of sleep.
The participants on Schedule 2 received slightly
mote sleep, while Schedule 3 provided the most
sleep in this study. The conclusion: the new sched-
ules failed to provide a significant improvement in
daily sleep.

The new schedule attempted to compress watch
periods more closely together to extend the oppor-
tunity for contiguous sleep. However, since little
additional work was completed during the com-
pressed watch periods, unfinished work was carried
over into the period set aside for sleep, defeating the
intention of the 24-hour schedule. Although labo-
ratory studies had indicared otherwise, when tested
in an operational environment, the new schedule
was not better than the old 18-hour schedule due o
the operational requirements on a submarine. The
study did highlight the need for a watchstanding
schedule that allows for better sleep hygiene, along
with more time to complete required work.

Studies on Surface Ships

Ongoing efforts in support of Operation Enduring
Freedom (OEF) gave NPS researchers the opportu-
nity o conduct a study on the effects of shift-work
and high operational tempo onboard the aircraft
carrier USS Jobn C. Stennis (CVN-74) (Miller &
Nguyen, 2003; Nguyen, 2002). Before the data col-
lection period, the aircraft carrier had shifted from
day ro night operations, with the entire crew work-
ing the night shift to support nighttime flight oper-
ations. Participants in the study were 28 enlisted
. <rew members (22 males and 6 females). Sleep data
were collected using wrist-worn acrivity monitors

and sleep logs tor 72 hours, while the carrier con-
ducted routine combar operations. The study con-
cluded that significant differences in rhe quality and
quantity of sleep were determined by where the
sailors worked. A pattern of sleep deprivation was
particularly evident in the individuals who were
working topside and were exposed to bright morn-
ing sun immediately prior to bedtme. The results,
displayed in Figure 20.4, show that individuals who
worked belowdecks (and never saw daylight)
received 7.35 hours of sleep, while the sailors who
worked topside averaged only 4.72 hours of sleep
per day (t = 6.19, p < 0.001).

A follow-on study by Sawyer (2004), also con-
ducted aboard the USS Stennis, examined the same
participants in the Nguyen (2002) study. This study
was a self-reported assessment of the mood state of
sailors who were required to abruptly change their
work and rest habits, Mood states were assessed
using the Profile of Mood Srates (POMS), a stan-
dardized, 65 question five-point adjective rating
scale that measures six affective states: Tension-
Anxiety, Depression-Dejection, Anger-Hostility,
Vigor-Activity, Fatigue-Inertia, and Confusion-
Bewilderment (McNair, Lorr, & Droppleman,
1992).

Mood states were monitored at three time points:
when sailors had been working the nighe shift for
over 90 days, then 24 hours after shifting from
working nights to working the day shift, and again
one week following the shift to working during
daylight hours. The results showed thar younger
participants were angrier than older participants

while on nighrshift work (Figure 20.5). This finding
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Fig. 20.4 Average daily sleep in hours by working environment
on the USS Stennis.
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is particularly interesting considering the addiional
sleep required for adolescent and young adult popu-
lations and serves as a possible explanation for che
differences observed.

There was also a significant interaction berween
mood state and sex, with female participants report-
ing significantly higher scores on rtotal mood distur-
bance (TMD) than the male participants. The scores
for TMD of males dropped one week after shifting
to daytime work, indicating an improvement in
overall mood; this pattern was reversed in females.
This finding was statistically significant. although the
sample size ol the females was small (# = 6). These
findings are seen in Figure 20.6, which follows.

[n addidon, participants  working  topside
received significantly less sleep than those working
belowdecks, and their POMS scores reflected their
fatigued stare (Figure 20.7). The study provided
vital information to the U.S. Navy's surface warfare
community concerning the operational impact of
mouod states and performance caused by extended
working hours, disruptive sleep, and reversal of sleep
and work cyvles.

Studies on the High-Speed Vessel

HSV-2 Swift

The next pair of NI'S operational sleep projects was
conducted on the high-speed vessel HSV-2 Swiff, a
98-meter, wave-piercing catamaran. The main chrust
ot this research was 1o address the possible effects on

27Q
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personnel performance when sailors operate aboard
high-speed vessels with unconventional hull designs.
The first study evaluared the etfect of ship motion on
sleep amount and quality. sleepiness, and predicted
effectiveness (Matsangas & Miller, 2006; McCauley,
Matsangas, & Miller, 2005). Data were collected
during a 14-day transit while the ship traveled from
Norway w Norfolk (May 10-May 23, 2004) and
executed sea-keeping trials (May 11-May 17, 2004).
Nineteen crewmembers participated in the study,
during which sleep was assessed through actigraphy
and activity logs. During the data collection period,
the ship encountered sea states between 4 and 5.
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Fig, 20.6 Toral Mood Distcurbance (TMD) scones of
parricipants working belowdecks, over time, by gender,
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Wave heights were significant, generally in the eight-
o ren-foot range; average wave period was in the
eight- to 12-second range, and the ship’s speed varied
from 10 to 36 knots, resulting in considerable motion
tor the sailors onboard. The motion states were quite
severe at times, interfering with the wrist-worn activ-
ity monitors and resulting in an underestimation of
the sleep received by the crew. Because of this com-
plication, sleep amount and quality were determined
from activity logs combined with bedtime start and
stop times from the actigraphic recordings. This
method of calculating sleep gave an overestimation
of sleep, but given the severity of the ship’s motion, it
was the only solution deemed reasonable.

Whether assessed by self-report or by wrist
activity monitors (WAMs), it was evident that the
crewmembers' sleep was interrupted by ship motion.
This finding was echoed in the comments in the
underway sleep logs, which indicared increased sleep
fragmentarion during the rough sea trials period
(May 11-17). Thirty percent of the crew noted that
sleep disruptions due to ship motion were common
m the HSV-2 and identified ship modon as
1 significant cause of nighttime awakenings.

Building on the previous study on the HSV-2,
Archibald (2005) examined the effects of noise,
emperature, humidity, motion, and light on the
lecp patterns of the crew of HSV-2 Swift during
Mine Interdiction Warfare (MIW) Gulf of Mexico
txercise (GOMEX) 05-1. The weather during
SOMEX 05-1 was mild, and the HSV-2 Swift was
ised as the command Hagship, coordinating the
novements of the other ships in the exercise.

‘onsequently, the HSV-2 Swif was not required to
iperate at high speeds or maneuver quickly.

The study had 21 participants whose sleep pat-
terns were collected using wrist-worn actigraphy
and sleep logs. Results showed that the average daily
sleep amount was 6.78 hours, with the average sleep
episode length being 5.40 hours. Time spent at sea,
which is related to rank, was negatively correlated
with sleep while underway (r = -0.778, p = 0.001).
This finding was consistent with that of Belenky
(1997), who found thar sleep amount is inversely
proportional to rank, with higher-ranking soldiers
receiving significantly less sleep than those junior to
them.

Studies on the Navy Standard Work

Week (NSWW)

The most recent U.S. Navy operational studies were
conducted on four surface combarants: the USS
Chung Hoon (Haynes, 2007), the USS Lake Erie
and USS Porr Royal (Mason, 2009), and the USS
Rentz (Green, 2009). In an attempr to accurately
calculate the number of sailors required to man each
class of ship, the United States Navy has developed
a model called the Navy Standard Work Weck. The
NSWW represents a standardized version of one
week of work performed by a single enlisted sailor
while at sea (Department of the Navy, 2007). After
first determining the amount of work to be per-

formed to operate each class of ship, the NSWW is

then used to calculate manning levels, which are a
theoretical reflection of the minimum manpower
resources necessary to accomplish the ship’s mission.
The work weeks for sea duty are based on opera-
tional requirements under projected wartime condi-
tions with units in Condition III steaming, as
described in OPNAV Instruction 1000.16K, page
C-1 (Department of the Navy, 2007):

The Navy's standard workweeks . . . are guidelines for
sustained personnel utilization under projected
wartime or peacetime conditions. . . . Daily workload
intensity is a function of operational requirements; as
such, the actual day-to-day management of personnel
is the responsibility of the commanding officer.
Under certain circumstances it may become necessary
to exceed the standard workweek; however, extending
working hours on a routine basis could adversely
affect such matrers as moral, retention, safety, etc.,
and as policy, such extensions should be avoided.

Using this NSWW model, the 168 hours in one
week for any given sailor are divided into two cate-
gories: “Available Time” for duty (81 hours) and
“Non-Available Time” (87 hours). Available Time is
occupied by all required tasks that are performed by
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crewmembers: these include work or maintenance,
warchstanding, training, and attending meetings.
Nen-Available Time comprises all personal time that
is allotted to the crew, and includes messing (dining),
sleeping (56 hours on a weekly basis; on average,
cight hours of sleep per day), and free time.

Three studies have addressed how well the NSWW
reflects the daily schedule of sailors: Haynes (2007),
Mason (2009), and Green (2009). In his study to
assess NSWW issues, Haynes (2007) evaluared sleep
patterns onboard the USS Chung Hoon (DDG-93),
an Arleigh Burke—class Aegis destroyer. Data were
collected on 25 crewmembers during a 14-day period
in February 2007. Darta collected included acrigra-
phy recordings (# = 22), and daily sleep and activity
logs (n = 25). During the study period, the ship
was conducting predeployment training while in
Condition II1. (Note: A ship’s deployment phase is

preceded by a predeployment rraining cycle. During-

this phase, the crew conducts exercises involving
warfare training and damage control at sea to simu-
late the operational tempo and conditions that might
be experienced during bartle.)

The results of this study were based on the
informarion included in the sleep and acrivity logs.
Analysis showed that participants reported 7.27
hours of daily sleep (standard deviation [stdev] =
1.03 hours, median = 7.08 hours). Departmental
analysis shows that participants in the Combart
Systems Department reported 7.72 hours of daily
sleep, whereas the Engineering Department reported
7.24 hours, and the least sleep was found among the
operations personnel (6.15 hours’ of daily sleep).
Crewmembers participating in the study worked
longer hours than they were allocared in the NSWW

model. Figure 20.8 shows the NSWW and the
average time each week sailors spent working during
the USS Chung Hoon study. In fact, 85% of the
sailors in the study exceeded the 81 hours of
Available Time allotted by the NSWW; over 50% of
the participants reported working more than 95
hours per week (~13.60 hours per day).

On average, the sailors worked 16.95 hours per
week more than they were allotted in the NSWW,
which equaled 2.40 hours more per day in Available
Time. The findings of this study led to a recommen-
dation that revisions of the NSW be developed
for enlisted sailors based on departmental assign-
ment, with a separate version of the NSWW devel-
oped for officers. If implemented, this change would
more accurately reflect the demands placed on sail-
ors in the Navy and allow for calculation of more
realistic manning of U.S, Navy vessels.

Another shipboard study of the NSWW was
conducted on the USS Lake Erie (CG-70) and the
USS Port Royal (CG-73), two Ticonderoga-class
guided-missile cruisers (Mason, 2009). Like the
study on the USS Chung Hoon, the purpose of this
research was twofold: (1) to determine the amount
of work and rest provided to sailors during a typical
training exercise, and (2) to determine if the NSWW
accurately reflects the actual activities of sailors
onboard U.S. Navy cruisers.

Data were collected over an entire 24-day under-
way period (between July 7 and July 30, 2008)
during the Rim of the Pacific (RIMPAC) Exercise
2008 (ship in readiness Condition [1I). Inidally,
the study included participants who wore wrist
activity monitors and completed daily activity logs.
The thesis reported on a total of 39 participants

Cumulative Percentage of Reported Available Time and
Reported Available Time by Individual Sailor (n=25)
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Fig. 20.8 Hours spent working per week on the USS Chung Hoon (Haynes, 2007)
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¢ othicers and 33 enlisted personnel). The jobs
formed by participants varied according to their
ing, rank, and Navy Enlisted Classification (NEC)
«cialty. Pay grades varied from E-1 through O-5.
ditionally, the watch-stations manned by the sail-
included the engineering, combar systems, oper-
ns, supply, and administration departments.
Results show thart, on average, senior personnel,
h officer and enlisted, slept approximately two
irs less than allotted by the NSWW. Senior Chief
tyv Officers and Chief Petty Officers (both
isted-grade E-8/E-7 participants) averaged 6.26
irs of sleep, while senior officers (Lieutenant
mmanders [O-4] and above), averaged 6.38
irs of sleep per day. In contrast, junior personnel
listed grades E-1 through E-3 and officer grades
2 through O-3) averaged 7.83 and 7.06 hours of
P, respectively. Analysis indicated that 85% of
participants had more time on duty (“Available
1¢”) than allocated by the NSWW model
sughout the entire underway period. In fact,
y five participants worked less than the allotted
hours (and these individuals were not actively
aged in the RIMPAC exercise). The following
ire (20.9) depicts these findings.
Departmental analysis showed that sailors in the
nbat Systems Department worked the most
irs: 15 hours more per week than the “Available”
hours of NSWW. Figure 20.10 shows the
WW and the departmental breakdown time
irs spent sleeping in this study. The Operations
»artment logged, on average, five hours more

sleep than allowed in the NSWW. Final analysis of
the dara log sheets and Actiwatch indicate thar 84%
of the participants (excluding officers) were catego-
rized as falling below the NSWW sleep allotment,
averaging just over 47 hours versus 56 hours of sleep
per week. Finally, as noted by Mason (2009), both
ships had similar findings in all categories of the
NSWW model.

The sleep data from sailors on these two ships
were analyzed again to determine if the parterns of
sleep were different between the two ships. This
analysis focused on the sleep data of 70 partici-
pants—42 from the USS Lake Erie and 28 from the
USS Pors Royal. Results showed that the average
daily sleep obrained during the three-week under-
way period was 5.58 hours (stdev = 1.92 hours,
median = 5.51), with no significant differences
between the two ships. For all sailors on both ships
combined, the length of the average sleep episode
was 4.11 hours (stdev = 2.12 hours, median = 4.05).
However, the length of the average sleep episode
differed between the two ships, with sleep episodes
being shorter on the USS Port Royal (USS Lake Erie:
mean = 4.34, stdev = 2.11, median = 4.32; USS Porz
Royal: mean = 3.85, stdev = 2.01, median = 3.72;
F[1,1822] = 26.6, p < 0.001, Cohen’s d = 0.239).
Sleep fragmentation was especially evident for
sailors on the USS Porz Royal, who averaged 1.36
sleep episodes per day, which was 11.6% more
than seen in sailors on the USS Lake Erie, This find-
ing illustrates thar napping was a strategy used by
many crewmembers to alleviate their sleep debr.

Summary of Available (Work) Time Averaged Over the
Three-Week Period
(Enlisted ) n=33
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20.9 Weekly average available time (time spent working) for the three-week underway period (Mason, 2009).
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Number of Hours Sleeping per day

Departments

Fig. 20.10 Average hours of sleep per nighe by ship’s deparrment (Mason, 20093,

Since sailors on the USS Port Royal had less contigu-
ous sleep, the sleep they did receive was of less ben-
efic than thar received by their shipmates on the
USS Lake Erie. Both crews suffered from significant
sleep deprivadon, as seen in Figure 20.11.

The most recent NPS study on the NSWW
examined work and rest patterns of sailors on the
USS Rentz (FFG-406), an Oliver Hazard Perry—class
guided missile frigate (Green, 2009). In her thesis
research, Green examined the sleep of 24 sailors
during predeployment underway training periods.
Her analysis yvielded no surprises; just as in the pre-
vious rwo studies, sailors worked more hours than
allocated in the NSWW, and the participants were
chronically sleep-deprived.

Studies of Fatigue on the Effectiveness of
Training and Education (from Table 20.2)
Studies of Fatigue and Training
Effectiveness in U.S. Navy Enlisted Recruits
Unired States Navy recruits are trained ar the Recruit
Training Command (RTC) in Great Lakes, Illinois,
Basic training, or boot camp, lasts approximately 63
days, during which the recruirs are taught basic
military knowledge and practice skills that prepare
them to serve in the United States Navy. Recruits
are under a closely controlled daily schedule, and
prior to December 2001, reccived only six hours of
sleep per night. In December 2001, a decision was
made to change the amount of sleep allowed by
Navy recruits from six to seven hours of sleep per

o]
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it (i.e., mandatory bedtime was from 2100 to
0 hours). In early 2002, the sleep regimen was
1ged once more to give recruits eight hours of
» per night, sleeping from 2100 to 0500 hours.
Aay 2002, the Navy recruit sleep regimen was
ized at eight hours per night, with bedtimerac
0 and wakeup at 0600 hours. This last modifica-
was selected ro coincide with the recognized
» requirements and naturally occurring circa-
rhythms of adolescents and young aduls.
wo studies of Navy recruits at RTC were
lucted by NPS to assess the impact of these
sions. The first study (Baldus, 2002) assessed
quantity and quality of sleep received by a
ple of recruits in two eight-hour sleep condi-
s: 2100 to 0500 and 2200 to 0600. ‘The data
=sent a cohort of boot camp recruits whose bed-
s shifted from 2100 to 2200. Sleep data and
ity were evaluated using WAMs (see Figure
2) and paper-and-pencil activity logs. Data
 collected from April to June 2002 and com-
‘d one complete cycle of recruit training.
icipants included 31 recruits (20 males and 11
tes) from five different recruit divisions.
ased on the recruits’ sleep pacterns, sleep was
red as non-disrupted (an eight-hour contiguous
ttime interval) or disrupted (any night having at
a 30-minute period of wakefulness after sleep
t or more than 45 minutes of wakefulness from
ime until sleep onset). Standing watch, personal
ities such as bathroom visits, or some other
ity typically caused these disruptions in night-
sleep.
esults from this study showed that although
its were allotted eight hours of sleep per night,
werall average sleep for all recruits in this study
6.10 hours (stdev = 1.20 hours) per night
lus, 2002). Recruits tended to receive more

0.12 Wrist-worn activity monitors on U.S. Navy recruits
15, 2002).

sleep when following the 2200 to 0600 sleep
regimen than when following the 2100 two 0500
sleep regimen. On average, the 2200 bedtime
resulted in 22 more minutes of sleep per night per
recruit—a finding that mirrored the shift in adoles-
cent and young adult circadian rhythms that favors
later bedtimes.

Finally, the study addressed the gender effect in
sleep patterns. Although not statistically significant
(p = 0.20), the results suggest a difference in sleep
patterns berween males and females. Over the course
of the study, female recruits received an average of
ten more minutes of sleep per rfight than did their
male counrerparts (6.24 hours versus 6.08 hours,
respectively; see Figure 20.13). This difference was
consistent whether looking at sleep amount in dis-
rupted nights (females = 5.52 hours, males = 5.22
hours) or non-disrupted nights (females = 7.24
hours, males = 7.07 hours). Based on the findings of
the study, it was concluded that the change in
bedtime from 2100 to 2200 was beneficial and
should remain in place.

After this first descriptive study of sleep patterns
of recruits, another study was conducted specifically
to examine the academic performance associated
with the two sleep regimens; that is, six versus eight
hours of nighdy sleep (Andrews, 2004). One year of
data with the eight-hour sleep regimen (calendar
year 2003) was compared to two separate years
when only six hours of sleep per night were allowed
(calendar years 2000 and 2001). Average test scores
by division and month were compared across the
three years under investigation and included rtest

Gender

Female
[ Male

Mean Sleep Minutes

2100
Bedtima

Fig. 20.13 Minutes of sleep received by males and females at
two different bedrimes (2100 and 2200). All recruits were
allowed eight hours of sleep (Baldus, 2003).
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scores of 2,597 recruits. Standardized rest scores for
each recruit and the year they were trained were
entered into a regression model, adjusting for their
Armed Services Vocational Aptitude  Battery
(ASVAB) score and month of administration. The
month of test administration and ASVAB scores
were included in the regression equation in an
attempr to adjust for seasonal variations and ditfer-
ences in individual recruit aptitude tollowing the
two different sleep policies. Results displayed in
Figure 20.14 show thar recruits who had six hours
of sleep per night scored significantdy lower than
the recruits who had eight hours of sleep per night
(F[2.33] = 29.97, p < 0.0001).

In short. recruits who received eight hours of
sleep per night scored, on average, 11% higher
(mean = 4.38, stdev = 0.25, median = 4.38) than
their counrerparts who received only six hours of
sleep (mean = 3.91, stdev = 0.11, median = 3.9),
supporting the hyporhesis thar more sleep was asso-
ciated with significandy better academic perfor-
mance. The findings were statistically significant and
support the changes made by the Recruit Training
Command. It should be nored that other adminis-
trative and procedural changes that occurred during
this same period (e.g., waterless hand-washing before
meals and sleeping in new barracks) may have con-
tributed to the improvements in test scores in 2003.

A Study of Fatigue and Training
Effectiveness in U.S. Army Enlisted Recruits
Another study of training effectiveness in military
recruits was conducted in late summer and fall of
2009 ac Fort Leonard Wood, Missouri, in U.S.

4.7 —J—~
4.5 4
& 4.3 4
i
@
==
< 414 —
@ |
o ’::
&
o 384
N | J
27
2000 2001 2003

Fig. 20.14 Sundardiced ULS, Navy grades for recruirs recciving
six hatrs of'*-i‘.'vi‘v per ;1i_@.:hT {vears 20000 and 20017 versus recruits
receiving cight hours of deep per night (Andrews, 2004), The
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Army Basic Combar Training (BCT). This study i
described in detail in Chaprer VI of an NPS digser.
tation by Tvaryanas (2010). bur is briefly summ;.
rized here. The study set out to compare the fraining
effectiveness of Army basic combar trainees in twy
training regimens. One company of trainees (; <
185) used a conventional training regimen, which
allowed eight hours of sleep each night from 203¢
to 0430, while another company of trainees (5 -
209) used an experimental training regimen thye
allowed eight hours of sleep each night from 2300
to 0700. The primary question was whether sleep
and recruit performance, including nmrksmanship,
would be improved by adjusting the timing of the
primary sleep period to be more in alignment with
the naturally occurring patterns of sleep in adoles-
cents and young adults.

Demographic and psycho-physiological measures
were collected at the start of the study using stan-
dard survey instruments and methods. A random
sample of 95 recruits wore WAMs to record sleep
quantity and quality throughout the study period.
Weekly assessments of subjective fatigue and mood
were collected using the POMS: Results of the acti-
graphic analysis showed that a 2.5-hour, phase-
delayed sleep schedule improved sleep relative to the
conventional BCT schedule, resulting in, on aver-
age, more than 30 minutes of extra sleep per night.
Besides schedule. personal facrors such as age and
gender also influenced recruits’ average roral daily
sleep: female recruits and recruits who were younger
tended to sleep more. The schedule modification
was shown to be effective in improving sleep over
the entire course of BCT. However, increased
nightly sleep during the week in which marksman-
ship skills were taughr (i.c., one weck prior to the
actual marksmanship tests) resulted in  greater
improvements in marksmanship.

This finding is in line with other studies that
show greater skill-acquisition following adequate
amounts of sleep. The study demonstrated that
schedule modifications that improve sleep can be
expected to result in improved marksmanship per-
tormance during BCT. Perhaps most importantly.
such benefits may be obrained at no additional cost,
since the content and length of training remains the
same and there are no requirements for additional
investments in new technologies or facilities.

A Study of Sleep in Undergraduate
Military Education

In yet another study of sleep in military members,
conducted at the Unired States Military Academy



LISMA) in West Point, New York, the sleep patterns
f nearly 1,400 military cadets (the USMA Class of
1007) were followed for four years during their
indergraduate education. The results of this study
jave been described in dertail in two publications
sut are summarized here. Academic performance,
ass ranking, actrition, race, gender, and “morning-
wess-eveningness preferences were recorded for the
ntire class. A sample of the class (» = 80) wore
VAMSs and completed activity logs for one month
n the fall and spring academic semesters for the
bur-vear period.

As seen in Figure 20.15, on average, over the
our-year period, caderts slept less than 5.5 hours on
chool nights, Cadets napped extensively, perhaps
p an attempt to compensate tor their chronic sleep
lebr. They slepr more during fall than spring semes-
ers. Male and female cadet sleep patterns varied
Iram;lticaﬂy, with males ccrnsistemly getting, on
werage, more than 20 minutes less sleep than
emales.

The study demonstrated that cader sleep at
JSMA is related ro academic year, semester, season,
render, day category (school day or weekend), and
lay of the week. For example, Figure 20.16 shows
he pattern of sleep by academic year. Nightly sleep
sleep only in the major nighttime period) is shown
iy the dotred line. Daily sleep (i.e., total sleep in a
'4-hour period, including naps) is indicated by the
olid black line. With an increase in naps during the
inal year at USMA, daily sleep reached a peak in
he final year of the study, continuing to rise over
he four-year period.

The study showed that military caders at USMA
xperience a severe and chronic sleep debt that may
rave long-term consequences, In addition to devel-
iping poor sleep hygiene habits, cadets may have
lifficulty in taking full advantage of the world-class
ducation and rraining afforded them ar West
oint.

ytudies of Fatigue in Combat

ind Operational Environments (from

[able 20.3)

studies of Sleep and Compliance with Sleep
Plans in Combat in Southwest Asia

this study assessed the impact of sleep logistics
luring Phase 1V operations of Operation Iraqi
‘reedom (Doheney, 2004). Survey data were col-
ected from warhighters operating in Iraq and Kuwait
fom Augusr 25 ro October 15, 2003, using a con-
enience sample of respondents. The study focused
m answers to a 96-question survey designed to

capture sleep patterns and determine adherence to
sleep/rest plans. The survey asked questions relating
to unit-level sleep/rest planning, sleep/wake pat-
terns, warfighter fatigue and sleep latency, symp-
toms of sleep deprivation, and confounding lifestyle
factors thar impede sleep and rest. The respondent
population included 273 participants (237 males

‘and 24 females; average age = 29.80 years, stdev =

8.96 years, median = 27; average time deployed =
178 days, stdev = 68.3 days, median = 174.5 days).

Survey results showed that sleep deprivation was
a significant problem for forces deployed to the
Southwest Asia region, especially those operating in
Iraq (p = 0.0151). Between 73% and 83% of the
respondents showed moderate symproms of sleep
deprivation, whereas berween 14% and 23% showed
signiticant symptoms of sleep deprivation. These
findings may be linked with the finding that only
38% of the sample reported that they were briefed
on a sleep plan. Considering that the majority of the
respondents included warfighters with ranks that
have the responsibility to supervise the implementa-
tion of a sleep/rest plan, this suggested that unics
may not have considered the importance of imple-
menting sleep and rest. Respondents reported gert-
ting 6.67 hours of sleep per day, most of which was
on a cot, and napping occurred approximately every
other day for around 45 minutes. Finally, 34%
reported falling asleep at least once when they were
supposed to be awake.

Another conclusion was that the units with effec-
tive sleep/rest plans had a higher probability of
maintaining satisfactory performance effectiveness
levels than those with no or ineffective sleep/rest
plans (p = 0.004). Furthermore, units located in
Kuwait had a higher probability of maintaining sat-
isfactory performance effectiveness levels than units
in Iraq, which supported the decision to rotate units
out of Iraq and into Kuwait for rest and recovery
{(p = 0.0029). The dara did not suggest, however,
that there were differences in the probabilities asso-
ciated with maintaining satisfactory performance
effectiveness levels when other factors were consid-
ered (gender, Military Occupational Specialty
(MOS) categories, or rank).

The data suggest that the respondents’ sleep pat-
terns did not supporr effective mission accomplish-
ment. Based on the hnding that only between 45%
and 57% of the samples sleep/wake patterns satis-
factorily supported mission accomplishment, the
author concluded that typical standards of opera-
tional readiness, requiring 75% of the population to
be mission-capable, were not met.
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Studies of Sleep in Helicopter Pilots in

Iraq (2006)

This study, conducted in Iraq from May 21 to June
L, 2000, assessed sleep quanrity and shifting sleep
schedules during actual combar flight operations.
Participants included 20 active dury pilots from a
Marine Corps operational aviation batralion con-
ducring flight operations in Iraq. Ten days of sleep
dara were collected through actigraphy and sleep
logs. The study duta included 210 sleep episodes,
with durations ranging from 0.62 o 13.65 actual
hours of sleep. Depending on sleep duration and
the number of major sleep episodes in the course of
each day, sleep incidents were categorized as either
“sleep” or “nap.” In total, 16 naps were reporred by
cight participants over the ten-day period. All naps
occurred during days where the major sleep episodes
took place at night. The average sleep duration per
192, stdev =
1.65 hours), while the average “nap” length was
1.55 hours (i = 16, stdev = 1.07 hours). On aver-
age, participants in the study got approximately 6.5
1.66 hours) of total daily (per 24

“sleep”™ episode was 6.37 hours (#

hours (stdev
hours) sleep. Participant sleep amount varied gru:uly
within the unit, with the average daily (24 hours)

Fable 20.4 Daily sleep vs. sleep schedule

Number of

AY 2006 AY 2007

males tor academic years (AY] 2005 2006, and 2007,

sleep ranging from 5.0 to 7.9 hours (median 6
hours), with only 25% of the pilots receivis
berween 7 and 8 hours of daily slecp.

In order to assess the eftect of sleep schedules ¢
the amount of sleep obtained. participants we
grouped according to their sleep schedule. Half
the participants (7 = 10) had a hxed sleep schedul
sleeping either during the daytime or ar nighe. 11
other half of the participants sleep shifted at son
rime in the data collection period. The participan
with fixed schedules who slept only during daytin
got their sleep berween 08:00 a.m. and 04:00 p.n
A second group, night sleepers with fixed schedule
slept between 11:00 p.m. and 07:00 a.m. Resul
showed that shift schedules were important predi
tors of the amount of sleep obrained. Parricipan
with fixed sleep schedules slept more than partic
pants whose sleep schedules changed (F[1,189]
3.91, p = 0.049). In addition, the quality of sleep :
night was better than thar of sleeping during o
daytime. The following rable (20.4) shows the:
findings.

The study results showed that 75% of the pa
ticipants received a daily sleep amount significantl
less than is physiologically acceprable (Horne, 198°

Daily Sleep Standard

Sleep Schedule Daily Sleep
Participants Mean (hrs) Deviation (hrs)
Shifting fram morning o night sleep 4 6106 201
Shitting Irom nishe ::ﬁml ning sleep 6 (.43 1.76
Fined schedule \"-1-ih davtime sleep only i 653 . (.59
Fised sch --i.m it 1=_'~EL‘E’ ank 'n‘ (.79 . .78
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Fig. 20.16 Average daily (solid black line) and night sleep (dotred line) achicved over each of four academic vears ar USMA.

1988; Van Dongen, Rogers, & Dinges, 2003).
Furthermore, a continuously accumulating sleep
debr was evident in a large proportion of the par-
ticipants. Sleep deprivation in this population was
exacerbated by the fact that during the dara collec-
tion period, there were no days that could be con-
sidered “weekends” or days off in which catch-up
sleep could occur. Therefore, unlike civilians, these
combatants did not have the opportunity to amelio-
rate their sleep deprivation during days off (Akerstedt
& Torsvall, 1978; Dahlgren, 1981).

Studies of Reported Sleep Patterns in Army
Commanders at Fort Benning, Georgia

This study addressed sleep deprivation issues during
military operations from the viewpoint of Army offi-
cers newly returned from combar (Miller, Shartuck,
& Marsangas, 2010). Forty-nine U.S. Army Ofhicers
with recent combat experience were surveyed to
assess their units’ sleep patterns and to determine the
tactics, techniques, and procedures used to counter
the effects of sleep deprivation in their units. Results
showed that despite Army policy, which requires
units to develop and implement sleep management
plans (Department of the Army, 2009), nearly 80%
of the participants reported they had nor been
bricted on a sleep management plan during their
most recent deployment. Over half of the respon-
dents reported that fatigue was a problem in their
units. During high operational tempo (OPTEMPO),
which occupied nearly half of their rime in combar,
participants report receiving only four hours of sleep
daily. Finally, the vast majority of respondents
(82,6%) reported feeling sleep-deprived at least
oceasionally while at high OPTEMPO.

Conclusions and Future Directions
This chapter summarizes ten years of sleep research
conducted by the Naval Postgraduate School in

military settings. A common thread runs through
all of these studies: American soldiers, sailors, and
Marines worldwide are accumulating a swggering
sleep debt. Despite the U.S. Navy’s efforts to imple-
ment a Navy Standard Work Week, it is clear that its
sailors continue to be sleep-deprived—perhaps at
an ever-increasing rate. Efforts o promote sleep
hygiene in the U.S. military’s ground forces have
not been successful, as documented by a widespread
failure to comply with mandatory sleep manage-
ment plans. Continuing pressure ro “downsize” the
military forces has left the same amount of work to
be done by an ever-shrinking work force.

Given that U.S. warfighters suffer from chronic
sleep deprivation, they will almost certainly experi-
ence deleterious effects on their performance. The
most egregious example of the consequences of
chronic and acute sleep debr is when combar troops
fall asleep when they need to be vigilant. While less
obvious, other effects of chronic and acute sleep
debt such as microsleeps; lapses in attention,
memory, and judgment; alterations in mood; and
degraded decision-making also have far-reaching
consequences for combat effectiveness. Milivary
leaders would never send troops into harm'’s way
without the safety afforded them by armor and
other personal protective equipment; yer sending
troops on missions when they are sleep deprived is
equally dangerous to them and to others in their
organization. That said, more research is needed to
determine how sleep can be optimized on land, at
sea, or in the air. Accommodation of adolescent
sleep needs has proven successful in various military
training environments (e.g., U.S. Navy’s Recruit
Training Command at Great Lakes, US Army Basic
Combat Training at Fort Leonard Wood and the
United States Military Academy at West Poing).
Other military environments need to be examined
to determine if the mitigating strategies used in
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training environments will be effective in opera-
tional environments.

Another prevalent and troublesome finding in
this ten-year research effort is that senior military per-
sonnel report thar they do not need more sleep. The
inference is that the milimary has “weeded out” indi-
viduals with normal sleep requirements by selecting
and promoting the individuals who are less suscepti-
ble to sleep deprivation. Is atrrition higher for indi-
viduals who reguire more sleep than those who either
need less sleep or are less susceptible to sleep depriva-
rion or shift work? Does an individual’s sleep propen-
sity constitute such an important characteristic for
the U.S. military that this issue should be considered
in the military selection process? More importantly,
what does this selection process mean for those who
do elect to continue in service, and what are the long-
term sequelae of chronic sleep deprivation?

In conclusion, ren years of Naval Postgraduate
School investigation of sleep in military setcings
has revealed that when milicary leaders are bold
enough to employ innovative methods to enhance
the quality and quantity of sleep, the resule is
improved effectiveness in training and performance.
We conclude this chapter with the sober words of
Jonathan Shay (1998):

Pretending o be superhuman is very dangerous. In a
well-led military, the self-maintenance of the
commander, the interests of his or her country. and
the good of the troops are incommensurable only
when the enemy succeeds in making them so. It is
time to criteally reexamine our love affair with sroic
selt-denial. . . . If an adversary can turn our
commanders into sleepwalking zombies, from a
moral point of view the adversary has done nothing
fundamentally different than destroying supplies of
food. water, or ammunition. Such could be the
ourcome, t.{v.'.'spirc our hCS" Eﬂ"ﬂl’[s to counter it Bue
we must stop doing it t ourselves and handing the
enemy a dangerous and unearned advaneage.
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