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recently overheard a conversation about crew
rest, and the individuals did not understand

why aviators are authorized pre-mission down

fime. Crow rest is reguired m\u'md mu with
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and maximum flight duty periods (FDP) for
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of the tasks involved. While alt human peings
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nitive performance regardless
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members often experience it more severely due to
constantly shifting flight times. When thev do, it
increases the risk to their lives and the lives of those
with whom the v are flying. For example, one of the
most Lnmmonl\’ cited causes of aviation mishaps

is human vnmm-!hmm such as lack of attention to
ail, cockpit/ crew resource management issues,

tratning deficiencies, or complacency—and fatigue
can amplify anv mistake.

accurate definition is, “a condition characterized
by increased discomfort with lessened capacity for
waork, reduced efficiency of “accomplishment, loss
of pawer or capacity to respond to stimulation,
usually accompanied by a feeling of weariness and
tiredness.” It is generally described as “iirmfinc-?s,«;
from bodily or mental exertion” and is ofter
characterized by deterioration in the qua lity of work,
lack of enthusiasm, and maccuracy.

Fatigue can be difficult to define, but one relatively
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In aviation, sleep loss and circadian disruption are
bwo principal sources of fatigue. Sleep loss simply
=eims to insufficient sleep, causing a build up of

“sleep debt” that can result in uncontrofled sl eep
episodes, Le. dozing off, once the sleep debt becomes
high enough.

Aldrcrew members also experience circadian
distuption—where the individual's internal clock
is attempting to resynchronize to the external
environment when moving to a new time zone or
constantly shifting a person’s natural bodv clock. The
effects of work / rest C\'civ shifts parallel the effects of

what is commaonly referred to as “jet lag.” When an
individual shifts from a typical day-work/ night sleep
schedule to a day-sleep/ night-work routine, the

Juwy f Aucust 2009 5




body is forced to alter its normal schedule of mela-

tonin production gradually. Since most work place

environments are typically well lit at night, the effect
- is moderate. A worker who can find a dark place

to rest during the day only has to endure gradually

decreasing effects of a shift in their sleep cycle.

However, when aircrew members fly at night,
they tvpically keep the flight deck/cockpit at fairly
low light levels to better maintain night vision. This
practice, while operationally sound, can magnify
the effects of the work cycle shift, as the body is
stilf experiencing periods—sometimes extended
periods-—of darkness or semi-darkness. This
increases melatonin production while the individual
is performing duties. 50, crews moving from a day
schedule to a night schedule not only have to endure
the effects of the sudden shift in si{)np cycle, but their
bodies are more resistant to the change, extending the
effect over a longer time period.

When the proper amount of sleep is not attained,
the body’s perfmmaﬂ&‘ ability begins to suffer. A
recent stud\, examined the comparison between
lack of sleep and blood alcohol content. After 17
hours of wakefulness, the body's performance and
effectiveness began to decrease drastically to the
point where, at 22 hours of wakefulness, the body
had an equivalent blood alcohol content of .087. In
many states, this makes an individual too drunk to
legally drive a vehicle.

There are many ways of avoiding or alleviating
aircrew fatigue. Proper scheduling, for example, is
crucial to ensuring crew rvest. The US. Department
of Defense has sponsored and licensed a scheduling
software program called Fatigue Avoidance
Scheduling Tool (FAST) for military use. Based
on a mathematical model, FAST uses graphical
visualizations of predicted performance that allow
units to schedule aviation and ground crews for
maximum effectiveness in terms of day/night cycles
and fatigue management. FAST is becoming more
widespread in U.S. Naval aviation and is starting to
make inrecads in the U.S. Air Force as well,

The most important thing anyone can do to
prevent fatigue is obvious: get whatever sleep you
can, when vou can. The average person requires
appm‘nmaiclv eight hours of 'Jeep each night, and
anything less w 1!3 result in a “sleep debt” that must
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be paid off eventually. When an individual sleeps
less than his or her physiologically required duration
or experiences poor quality sleep over successive
periods, cumulative fatigue develops. Cumulative
fatigue persists and results in worsening physical and
mental performance until restorative sleep occurs.
Most individuals require two consecutive nights’

sleep to fully recover from a significant sleep debt.
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In essence, individuals with chronic sleep debt

' appear to cognitively shut down. The research

' seems to suggest that fatigue overloads the mind,
feading the individual to abbreviate activities, ignore
relatively unimportant information, and not perform

redundant tasks.

- Fatigue is a major, ever-present danger in civilian

- and military aviation resulting from physiological

and external factors, as well as personal habits.

It affects the human body and an individual’s
performance and ability to perform a job. The key
to fatigue management, however, as with many

aviation-related hazards, is awareness. With proper

scheduling, adjustment of personal habits, and
mandated pre-mission rest, aircrew members can
minimize fatigue. @

s
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table 2.2 NPS Sleep studies in training and educational environments

it ar Program
B

Mission (Length

Participants ~ Methed of  Gender  Average Daily Sleep

of Study) Collecting in Flours (Tstdev’
Sleep Dara
© 8N Enfisred rraining ar RTC,  Enlisted maining 31 Actigraphy 20 males  6.1(£1.2)

i 1atkes:

Safdus {2002}

(=65 days

USN recruins  and sleep logs 1 females

o = 31}

£ SN Enlisted raining ar RTC.
Lt Lakes:
yadrewe { 20604)

Academic
performance (3

VAT OF [est sCares)

2897

Tast scores NA NA

USN recruits retrospective

anatlysis: no

sleep dara

L onrred Srares Military
Academy, West Point, 4-Year
[ ongitudinal Study of Sleep in

Milizary
undergraduate
university (4 vears

~1.4H) 8y Aaigraphy St rmules  5.60 (+1.4Y)
cadets sclecred  and sleep logs 24 females

for actigraphic  {(a = 80)

¢ ules: Kenney and af dara, 2 months  recording) Surveys in =

Severosky, 2003 Miller, 200%;  per year) ~ 1,400

Giodfrew, 20000 DeVany, 2008

Miller and Sharruck (20053

willer er al. (Z0HY

LSN Officer Candidare Oficer raining 20 Acrigraphy  NA NA

Schonl, Newporr, RI: and indocrrination  faculry and and sleep logs

(¥ onnor and Parillo (2003} {6 days) students {n =20

MAWTS-1: Flight rraining, 13 toral, crigraphy  NA Studenes: 5.62

Maynard (2608)

WOTT 205 (43

studenes (= and sleep logs

Inserucrars: 6,10

days) &) in=13
HISTractors
=7
Flighe eratning 20 Actigraphy males 7.09 074
school WITT 1-06  students and sleep logs ‘
{44 days) (= 20}
Fore Leonand Woaod: Basic combar 394 Actigraply 39 males  Interventon: 5.89
Miller er al, (2010} rraining (63 days  recruits and and sleep ing;s 39 females
per unitj cadre {n =94 Control: 5.33
recruits) (1,18}

were also assoctated with the respondents’ sleep

PALEETTNS,

Cine of the mose interesting findings of the

{iamboa thesis was that more experienced submari-
ners reported needing fewer hours of sleep at sea,
compared 1o the amount they needed while on
shore duey. Tt was as if the more experienced subma-

ringrs Lrew that [iw}‘ were nnt g!n%ng [} b .lhft;‘ iy

e

1 adequare sleep while ac sea, so they reporred

needing Jess sleep in this condition. One explana-
thon tor this finding could be thac submariners whe
sre mare susceptible o sleep deprivation are more
likely o drop out of the service or find other
branches of milicry service more o their liking,

and the semaining service members were a selb
selected group who required less overall sleep 1o
tunction. Another possible explanation offered was
cognitive-dissonance-reduction theory, which holds
that an individual will artempt o remedy o per-
ceived dissonance or disconneciion berween two or
more contlicring beliefs. According 1o Gamboa,
these sleep-deprived submariners reporred needing
fess steep while at sea t reduce the perceived disso-
nance beoween the environmene (that of conrinual
sleep deprivarion) and the knowledge that they need
a4 certain amount of sleep w funcrion optimally.
While the individuals acrual sleep requirement Jdid
not change berween ae-sea and in-port condirions,

MILLER, MATSANGASN, KENNEY




Table 20.3 NS Sleep swdies in combat and operational operations

Uit or Conrext Mission (Length of  Participants  Method of Gender | Average Daily
Srudy) Collecting Skeep Sleep in Hours
Dara (+stdevi
Wartigheers in rag Ohperarion Iragi 273 woral: STFVEYS 137 males Sell-repore
and Kuwaie Freedom ¢QIF) 244 eniisted 24 remales 067 INA)
Drodieney (20044 Phase IV (NA) 22 othicen 12 NA
USMC Rowey Wing  Rorary wing fiight 20 pilors acrigraphy and sleep  NA 6.5 1£1.66)

Aviadon Barralion
by

{un published dara,
RIsHEY

operations in Inig

it davs)

Jl'\-t;: t= 240

Naval Aviarion
NMH-33 {(Rowry
Wing! squ adron:
Solberg (2006}

Mine hunring
operations (14 days)

23 alrerew

actigraphy and sleep
logs (# = 23)

2 males
2 fermales

3 NA

747 (£1.6%)

Forr Benning Survey:

Infanery officers

46 infanery

ﬁul'\'L“}‘S

Males

Sell report by
QP TEMPO:
Low: 7.8 (NA)
Moderate: 6.0
{NA)

Hig;‘l! 3.9 {NA)

Miller er al. (2010 recurning from lraq/  officers
Afghanistan {NA)
MY Spudies in Fadigue in Naval Operations (from Tuble 20.1)

experienced submariners reported needing less sleep
while at sea because they have leamed that it will be
impussible to ger adequare sleep while ar sea.

A third NPS study on ULS. Navy submariners
was conducred by Osborn (2004} as pare of a project

sponsored by the Naval Submarine Medical Research
Laboratory (NSMRL) in Groton, Connecticut. The
purpose of the study was o evaluare the feasibiliey
of a new warchstanding schedule that would be
more in line with nawrally occurring circadian
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hyehms.  The study  was conducted berween
Ucreber 29 and December 2, 2003, onboard the
USS Henry M. fackson (SSBN 730 GOLD), a
muclear-powered, ballistic missile submarine. Data
an 41 male volunteers (average age 25.6 years) were
ollecred tor 32 days and included exit surveys to
dicit feedback from the crew and objective mea-
wres of sleep using wrist-worn activity menitors.
Crewmembers were divided into three groups, each
one following 2 different watchstanding schedule
\owo experimenral 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 ULS. submarine fleet (Stolgitis,
1969). The two experimental {alternative) schedules
strempred to more closely simulate a 24-hour ¢ycle
Miller e al., 2003). Results showed that the par-
ticipants received, on average, 6.67 hours of daily
deep while underway. Analysis showed that Schedule
| participants received the least amount of slecp.
The participants on Schedule 2 received slightly
mote sleep, while Schedule 3 provided rthe most
sleep in this study. The conclusion: the new sched-
ules failed to provide a significant improvement in
daily sleep.

“The new schedule arrempred to compress wartch
periods more closely together o extend the oppor-
wnity for contiguous sleep. However, since lirde
additional work was complered 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 indicated otherwise, when tested
in an operational environment, the new schedule
was not berrer than the old 18-hour schedule due to
the operational requirements on a submarine. The
suly did highlight the need for a watchstanding
schedule that aliows for berter sleep hvgiene, along
with more time to complete required work.

Studies on Surface Ships

Ongeing efforts in support of Operation Enduring
Freedom (OFF) gave NPS researchers the opportu-
nity 1o conduct a study on the effects of shiftwork
and high operational tempo onboard the aircraft
carrier USS fohn €. Stennis (CVN-74) (Miller &
Mauyen, 2003; Nguyen, 2002). Before the data col-
fection period, the aircraft carrier had shifred from
day to night operations, with the entire crew work-
ing the nighe shift to support nighttime flight oper-
ations. Participants in the study were 28 enlisted
. crew members {22 males and 6 females). Sleep dama
were collected using wrist-worn activity monitors

and sleep logs for 72 hours, while the carrier con-
ducted routine combar operations. The study con-
cluded that significant differences in the 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 bedtime. The results,
displayed in Figure 20.4, show that individuals who
worked belowdecks (and never saw daylighe)
received 7.35 hours of sleep, while the sailors who
worked topside averaged only 4.72 hours of sleep
per day (1= 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 sclf-reported assessment of the mood stare of
sailors who were required to abruptly change their
work and rest habis. Mood states were assessed
using the Profile of Mood States (POMS), a stan-
dardized, 65 question five-point adjective rating
scale that measures six affective states: Tension-
Anxiety, Depression-Dejection, Anger-Hostility,
Vigor-Activity, Fatiguc-Inertia, and Confusion-
Bewilderment (McNair, Lorr, & Droppleman,
1992).

Mood states were monitored at three time points:
when sailors had been working the night 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 parricipants
while on nightshift work (Figure 20.5). This finding
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Tig. 20.4 Average daily sleep in hours by working environment
an the USS Stennis.
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is particularly interesting considering the addidonal
steep required for adolescent and young adulr popu-
Lutions and serves as a possible explanation for the
differences observed,

There was also a significant interaction berween
mood state and sex, with female participants repoci-
ing signilicandy higher scores on woral mood distur-
bance (TMIDY chan the male participants, The scores
for TMD) of males dropped one week after shifting
to daytime work, indicating an improvement in
overall mood: this parrern was reversed in females.
This finnding was statistically significant, although the
sample size of the temales was small (i = 6). These
findings are seen in Fgure 20.6, which follows.

I additon, participants  working topside
received significantly less sleep than those working
belowdecks, and their POMS scores reflected their
Freigued stare (Figure 20.7), ‘The stdy provided
vital information o the U.S. Navy's surface warfare
community concerning the operarional impact of
moad srates aned performance caused by exrended
working hours, disruptive sleep. and reversal of sleep

arned work cycles

Studies on the High-Speed Vessel

HSV-2 Swift

The nexe pair of NI'S operadonal sheep projects was
conducred on the high-speed vessel HISY-2 Swifr, a
GH-micter, wave-plercing catamaran. The msain thrase

of this research was o address the possible effeers on
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personnel performance when sailors operate aboard
high-speed vessels with unconventional hull designs.
The first scudy evaluated the etfect of ship motion on
sleep amount and quality, sleepiness, and prediceed
effectiveness (Marsangas & Miller, 2006; McCauley,
Marsangas, & Miller, 2005). Data were collected
during a L4-day tansit while the ship traveled from
Norway o Norfolk (May 10-May 23, 2004) and
executed sea-keeping urials (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 3.
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Fig. 20.7 Average daily sleep by work enviranment (sailors
working topside versus those working belowdecks).

Wave heights were significant, generally in the eight-
w0 ten-foot range; average wave period was in the
eight- to 1 2-second range, and the ship's speed varied
from 10 10 36 kuots, resulting in considerable motion
for 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-
slicarion, sleep amount and quality were determined
frorn activity logs combined wirth bedtime start and
stop times from the actigraphic recordings. This
method of calculating sleep gave an overestimarion
of sleep, but given the severity of the ship’s morion, it
was the only solurion deemed reasonable.

Whether assessed by self-report or by wrist
activity monizors (WAMSs), it was evident thar the
crewmembers” steep was interrupted by ship motion.
This finding was echoed in the comments in the
underway sleep logs, which indicated increased sleep
fragmentation during the rough sea trials period
{May 11-17). Thirty percent of the crew noted thar
deep disruptions due to ship motion were common
wi the HSV-2 and idendfied ship motion as
1 significant cause of nighttime awakenings.

Building on the previous study on the HSV-2,
Apehibald (2003) examined the effects of noise,
emperature, humidity, motien, and light on the
deep pateerns of the crew of HSV-2 Swif during
Wine Inrerdicrion Warkare (MIW) Gulf of Mexico
frercise (GOMEX) 05-1. The weather during
SOMEX 051 was mild, and the HSV-2 Swift was
ised as the command flagship, coordinating the
novements of the other ships in the exercise.
onsequently, the FISV-2 Swifr was not required to
sperate at high speeds or maneuver quickly.

The study had 21 participants whose sleep par-
rerns 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 ro rank, was negatively correlared
with sleep while underway (r = ~0.778, p = 0.001)}.
This finding was consistent with that of Belenky
(1997), who found that sleep amount is inversely
proportional to rank, with higher-ranking soldiers
receiving significandly 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 combatants: the USS
Chung Hoon (Haynes, 2007), the USS Lake Erie
and USS Porr Royal (Mason, 2009), and the USS
Rentz (Green, 2009). In an attemprt to accurately
calculare the number of sailors required to man cach
class of ship, the United States Navy has developed
a model called the Navy Standard Work Week. The
NSWW represents a standardized version of one
week of work performed by a single enlisted sailor
while ar sea (Department of the Navy, 2007). After
first determining the amount of work tw be per-

formed to operate each class of ship, the NSWW is

then used ro calculate manning levels, which are a
sheoretical 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 Conditon 1l swaming, as
described in OPNAV Instruction 1000.16K, page
C-1 {Deparement of the Navy, 2007):

The Navy's standard workweeks . . . are guidelines for
sustained personnel utilizadion under projected
wartime or peacetime conditions. . . . Daily workload
intensicy is a function of operational requirements; as
such, the actual day-ro-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, recention, safery, erc.,

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 dury (81 hours) and
“Non-Available Time” (87 hours). Available Time is

occupied by all required tasks that are performed by

MILLER, MATSANGAS, KENNEY 271

Ul




crewmembers; these include work or maintenance,
warchstanding, training, and auending meetings.
Non-Available Time comprises all personal time that
is allotzed to the crew, and includes messing {(dining},
sleeping (56 hours on a weekly basis; on average,
vight hours of sleep per day), and free dime.

Three studies have addressed how well che NSWW
reflects the daily schedule of sailors: Haynes {2007),
Mason (2009), and Green (2009). In his study to
assess NSWW issues, Haynes (2007) evaluated sleep
parterns onboard the USS Chung Haon (DDG-93),
an Arleigh Burke-class Acgis destroyer. Data were
colleczed on 25 crewmembers during a 14-day period
in February 2007. Data collected included actigra-
phy recordings (# = 223, and daily sleep and activity
logs (n = 25). During the study period, the ship
was conducting predeployment training while in
Condition HI. (Note: A ship's deployment phase is
preceded by a predeployment training cycle. During-
this phase, the crew conducts exercises invelving

arfare taining and damage control at sea to simu-
late the operational tempo and conditions that might
be experienced during bartle.)

The results of this scudy were based on the
information included in the sleep and activity logs.
Analysis showed that participanes reported 7.27
hours of daily sleep (standard deviaton isedev] =
1.03 hours, median = 7.08 hours). Departmental
analysis shows that participants in the Combar
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 allocated in the NSWW

model. Figure 20.8 shows the NSWW and the
average time each week sailors spent working duﬁﬁg
the USS Chung Hoon study. In fact, 83% 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 allotred in the NSWAY,
which equaled 2.40 hours more per day in Available
Time. The findings of this study led [0 4 recommen-
dation that revisions of the NSWW be developed
for enlisted sailors based on departmental assign-
ment, with a separate version of the NSWW devel-
oped for officers. Ifimplemented, this change would
more accurately reflect the demands placed on sail-
ors in the Navy and allow for cateularion of maore
realistic manning of U.S. Navy vessels.

Another shipboard study of the NSWW was
conducted on the USS Lake Erie (C(-70) and the
USS Port Royal {CG-73), two Ticonderoga-class
guided-missile cruisers (Mason, 2009). Like the
study on the USS Chusng Floon, 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 it che NSYW/W
accurately refleces the acrual acrivides of sailors
onboard 11.8. Navy cruisers.

Data were collected over an entire 24-day under-
way period (berween July 7 and july 30, 2008)
during the Rim of the Pacific {(RIMPAC) Exercise
2008 (ship in readiness Condition I11). Initially
the study included participants who wore wrist
activity monitors and completed daily acrivity logs.
‘The thesis reported on a total of 39 pardcipants
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¢ officers and 33 enlisted pessonnel). The jobs
“primed by pardicipants varied according to their
ing, rank, and Navy Enlisted Classification (NEC)
ialty. Pay grades varied from E-1 through O-5.
dirionally, the watch-stations manned by the sail-
included the engineering, combat systems, oper-
s, supply, and administrazion departments.
Resules show thar, on average, senior personnel,
h officer and enlisted, slept approximarely two
115 less than allotted by the NSWW. Senior Chief
ty Officers and *Chief Perry Ofhicers (both
isted-grade E-8/E-7 participants) averaged 6.26
us 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 indicared that 85% of
participants had more time on duty (“Available
1¢”) than allocated by the NSWW model
sughout the entire underway period. In fact,
v five participants worked less than the allowed
hours {(and these individuals were not actively
aged in the RIMPAC exercise). The following
ire {20.9) depicts these findings.
Departmental analysis showed thar sailors in the
nbat Systems Department worked the most
iws: 15 hours more per week than the “"Available”
houss of NSWW. Figure 20.10 shows the
WW and the departmental breakdown time
ws spent sleeping in this study. The Operartions
rtment logged, on average, five hours more

sleep than allowed in the NSWW. Final analysis of
the data log sheets and Actiwarch indicate that 84%
of the parricipanss (excluding officers) were catego-
rized as falling below the NSWW sleep allorment,
averaging just aver 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 patterns 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 Port Royal. Results showed thar the average
daily sleep obtained 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 berween 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 Porr
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 Perz 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 debt.

Sumrary of Available (Work) Time Averaged Over the
Three-Week Period

{Enlisted ) n=33

Pariicipant 1D Number

20,9 Weekly average availeble fime {time spent working) for the three-week underway period (Mason, 2009).
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Since sailors on the USS Porr Royal had less contigu-
vus sleep, the sleep chey did receive was of less ben-
efit than that received by their shipmates on the
LSS Lake Evie. Both crews suffered from significant
sleep deprivation, as seen in Figure 20.11.

The most recent NPS swdy on the NSWW
examtined work and rest patterns of sailors on the
USS Renrz (FFG-46), an Oliver Hazard Perry—class
guided missile frigare {Green, 2009}, In her thesis
cesearch, Green examined the sleep of 24 sailors
during, predeployment underway training periods.
Fler analysis vielded no surprises; just as in the pre-
vious rwo studies, sailors worked more hours than
allocared 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 Cormmand {RTC) in Grear Lakes, Hlinois,
Basic training, or boot camp, lasts approximarely 63
days, during which the recruirs are raught basic
military knowledge and practice skills that prepare
them to serve in the Unired States Navy. Recruits
are under a closely controlled daily schedule, and
prior to December 2001, received only six hours of
sleep per night. In December 2001, a decision was
made 0 change the amount of sleep allowed by
Navy recruits from six to seven hours ol sleep per
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it (i.e., mandatory bedtime was from 2100 tw
(3 hours), In early 2002, che sleep regimen was
iged once more to give recruits eight hours of
1 per night, sleeping from 2100 to 0500 hours.
Aay 2002, the Navy recruit sleep regimen was
ized at.eight hours per night, with bedtimerat
3 and wakeup at 0600 hours. This last modifica-
was selected to coincide with the recognized
» requirements and paturally occurring circa-
rhythms of adolescents and young adults.
wo swdies of Navy recruits at RTC were
lucred by NPS o assess the impace of these
sions. The Arst study (Baldus, 2002) assessed
quantity and quality of sleep received by a
ale of recruits in two eight-hour sleep condi-
¢ 2100 o 0500 and 2200 ro 0600. The data
=sent a cohort of boot camp recruits whose bed-
5 shifted from 2100 o 2200. Sleep dara and
ity were evaluated using WAMSs (see Figure
2} and paper-and-pencil acdvity logs. Data
- collected from April to June 2002 and com-
-d one complete cycle of recruit training.
‘cipants included 31 recruits {20 males and 11
des) from five different recruit divisions.
ased on the recruits’ sleep patterns, sleep was
red as non-disrupted (an eight-hour contiguous
crime interval) or disrupted (any night having at
2 30-minute period of wakefulness after sleep
t or more than 45 minutes of wakefulness from
ime until sleep onser). Standing watch, personal
ities such as bathroom visits, or some other
ity typically caused these disruptions in night-
sheep.
esults from this study showed thar although
iits were allorted eight hours of sleep per nighr,
werall average sleep for all recruits in this study
6.10 hours (stdev = 1.20 hours) per nighe
us, 2002). Recruits tended to receive more

£.12 Wrist-worn activity monitors ea 118, Mavy recruits
s, 2002},

sleep when following the 2200 to 0600 sleep
regimen than when following the 2100 to 0500
sleep regimen. On average, the 2200 bedtime
resulted in 22 more minutes of sleep per nighr 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 right than did their
male counterparts (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
bedrime from 2100 to 2200 was beneficial and
should remain in place.

Afrer this first descriptive study of sleep parterns
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 sight-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 test

380 1 Gender

hean Sleep Minutes

2200 2100
Bedlims

Fig. 20,12 Minues of sleep received by males and females ar ’
rwo different bedrimes {2100 and 2200). All recruics were
allowed cight hours of sleep (Baldus, 2003).
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scores of 2,597 recruits, Standardized test scores for
each recruit and the vear they were trained were
entered into a regression model, adjusting for their
Armed  Services Vovational Apritude  Battery
{ASVAB) score and month of administration. The
month of test administration and ASVAB scores
were included in the regression equadon in an
actempt to adjust for seasonal variations and ditfer-
ences in individual recruit apritude tollowing the
two different sleep policies. Results displayed in
Figure 20.14 show thar recruits who had six hours
of sleep per night scored significantly lower than
the recruits who had eight hours of sleep per night
(F12, 33] = 29.97, p < 0.00D1).

In short. recruits who received cight hours of
sleep per night scored, on average, 11% higher
{mean = 4.38, stdev = 0.25, median = 4.38) than
their counterparts who received only six hours of

supporting the hypothesis thac more sleep was asso-
ciated with significantly better academic perfor-
mance. The findings were statistically significant and
support the changes made by the Recruit Training
Command. Tt should be noted that other adminis-
tracive and procedural changes that occurred during
this same period (e.g., warerless 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
3009 ar Fort Leonard Wood, Missourt, in ULS,
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Army Basic Combart Training (BCT). This study i
described in dewail in Chaprer V1 of an NPS disger.
tation by Tvaryanas (2010), but is bricHy summg.
rized here. The study set out o compare the training
cffectiveness of Army basic combat trainees in wwg
training regimens, One company of trainees {5 «
135 used a conventional training regimen. which
allowed eight hours of sleep each night from 203p
10 0430, while another company of trainees (n =
209} used an experimental training regimen tha
allowed eight hours of sleep cach night from 2309
to 0700. The primary question was whether sleep
and recruic performance, including marksmanship,
would be improved by adjusting the timing of the
primary sleep period to be more in alignment with
the narurally occurring patterns of sleep in adoles-
cents and young adults.

Demographic and psvcho-physiological measures
were collected ar 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 peried.
Weckly assessments of subjective fatigue and mood
were collected using che POMS. Results of the act-
graphic analysis showed that a 2.5-hour, phase-
delayed sleep schedule improved sleep relative to the
convendonal BCT schedule, resulting in, on aver-
age, more than 30 minutes of exwra sleep per night.
Besides schedule, persomal facrors such as age and
gender also influenced recruits average total daily
sleep: female recruies and recruits who were younger
rended to sleep more. The schedule modification
was shown o 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 week prior 1o the
actual marksmanship tests) resulred in o 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 medifications thar improve sleep can be
expected to result in improved muarksmanship per-
formance during BCT. Perhaps most importantly,
such benefits mav be obrained at no additional cost,
since the content and length of training remains the
same and there are no reguirements for addirional
investments in new technologies or facilities.

A Study of Sleep in Undergraduate
Military Education

In yer another study of sleep in military membefs:
conducted at the United Stares Milirary Academy

Oy




LISMAJ in West Point, New York, the sleep patterns
i nearly 1,400 military caders (che USMA Class of
s1117) were followed for four years during their
sdergraduate education. "The results of this scudy
Lave been deseribed in derail in two publications
Jqt are summarized here. Academic performance,
1458 ranking, actrition, race, gender, and “morning-
\ess-eveningness” preferences were recorded for the
wtire class. A sample of the dass (» = 30} wore
WAMs and completed activity logs for one month
o the fall and spring academic semesters for the
pus-vear period.

15 seen in Figure 20.15, on average, over the
wur-year period, cadets slept less than 5.5 hours on
chool nights. Cadets napped extensively, perhaps
n an atrempt to compensate for their chronic sleep
iehr. They slept more during fall than spring semes-
ers, Male and femule cader sleep paccerns varied
iramatically, with males consistently getting, on
werage, more than 20 minutes less sleep than
emales.

The study demonstrated thar cadet sleep ar
JSMA Is relared to academic year, sernester, season,
sender, day category {school day or weekend), and
lay of the week. For example, Figure 20.16 shows
hie parrern of sieep by academic year. Nightly sleep
sicep only in the major nightrime period) is shown
iy the dowed line. Daily sleep {ie.. total sleep ina
té-hour period, including naps) is indicated by the
olid black line. With an increase in naps during the
inal vear at USMA, daily sleep reached a peak in
he final year of the study, continuing to rise over
he four-year peried.

[he study showed that military caders at USMA
wperience a severe and chronic sleep debt that may
ave long-term consequences. In addiden to devel-
iping poor sleep hygiene habits, caders may have
fithculty in taking full advantage of the world-class
ducarion and training afforded them ar West

oiet.

itudies of Fatigue in Combat

iad Operational Eavironments (from

fuble 20.3)

Studies of Sleep and Compliance with Sleep
Yans in Combat in Southwest Asia

Ihis study assessed the impact of sleep logistics
furing Phase 1V operarions of Operation lragi
‘reedom (Doheney, 2004), Survey data were col-
scted from warfighters operating in Irag and Kuwait
rom August 25 o October 15, 2003, using 2 con-
enience sample of respondents. The study focused
n answers to a 96-guestion survey designed o

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

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

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

Survey results showed thar sleep deprivation was
a significant problem for forces deployed to the
Southwest Asia region, especially those operating in
Iraq (p = 0.0151). Berween 73% and 83% of the
respondents showed moderate symproms of sleep
deprivation, whereas berween 14% and 23% showed
significant symproms of sleep deprivation. These
findings may be linked with the finding that only
389 of the sample reported thar they were briefed
on a sleep plan. Considering that the majoriry of che
respondents included warfighters with ranks that
have the responsibility to supervise the implementa-
tion of a sleep/rest plan, this suggested that units

I

may not have considered the imporrance of imple:
menting sleep and rest. Respondents reporred get-
ting 6.67 hours of sleep per day, most of which was
on a cor, 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 probabiliry of
maintaining satisfactory performance effectiveness
fevels 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 etfectiveness levels than units
in Iraq, which supported the decision to rotate unirs
out of Iraq and inro Kuwait for rest and recovery
{p = 0.0029). The dara did nor suggest, however,
thar there were differences in the probabilities asso-
ciated with maineaining satisfactory performance
effectiveness levels when other factors were consid-
ered {gender, Military Occupational Specialey
(MOS) caregories, or rank}.

The data suggest that the respondents’ sleep pat-
terns did not support effective mission accomplish-
ment. Based on the finding that only berween 45%
and 57% of the sample’s sleep/wake pacterns satis-
factorily supported mission accomplishment, the
author concluded thar rypical standards of opera-
tional readiness, requiring 75% of the population 1o
be mission-capable, were not mer,
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Studies of Sleep in Helicopter Pilots in

Iraq (2006)

This study, conducred in Iraq from May 21 to June
1. 2006, assessed sleep quantity and shifting sleep
schedules during actual combar flight operations.
Participants included 20 active duty pilots from a
Marine Corps operational aviadon batalion con-
ducting flight operations in Irag. Ten days of sleep
dara were cfsﬂeued through actigraphy and sleep
logs. The study data included 210 sleep episodes,
with durations ranging from 0.62 © 13.65 actual
hours of sleep. ﬂcpan&mo on sleep duration and
ghe number of major sleep episodes in the course of
cach day, steep incidents were categorized as either
“sleep” or “nap.” In toral, 16 naps were reporred by
vight pamup.ims over the ren-day period. All naps
occurred during days where the major sleep episodes
took place ac night, The average sleep duration per
“sleep™ episode was 6.37 hours (7 = 192, stdev =
1.65 hours), while the average “nap’ lengrh was
1.55 hours (s = 16, sedev = 1.07 hours). On aver-
age, participants in the study got approximately 6.5
hours (stdev = 1.66 hours) of foral daily {per 24
hours) sleep. Participane sleep amount varied greatly
within the unit, with the average daily (24 hours)

Table 20,4 Daily slecp vs. sleep schedule

for Fermales and males for amademic years (AYT 2003, 2006 aud 2007,

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

In order to assess the effect of sleep schedules ¢
the amount of sleep obrained, parricipants we
grouped according to their sleep schedude. Half
the participants (7 = 10} had a fixed sleep schedul
sleeping either during the d:;}rcsmr: or at aighe, 1!
orher half of the parricipants’ sleep shifted ac son
time in the daw collection period. The pardicipan
with fixed schedules who slept only during daytin
got their sleep berween 08:00 2.m. and 04:00 pn
A second group, night sleepers with fived schedule
slept between 11:00 p.m. and 07:00 am. 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 (FI1,189]
3.91, p=0.049. In addirion, the guality of sleep:
night was better than thar of sleeping during o
davtime. The following tbie (20.4) shows the
findings.

The study results showed that 75% of the pa
ticipants reccived a daily sleep amount significand
less than is physiologically acceprable (Horne, 1987

Sleep Schedute Number of Daily Sleep Diaily Sleep Standard
Participants  Mean (hrs) Dieviation thrs)
Shifting from morning e night sleep 't a,160 R
Shitring from night 1o moring slecp [ 6,43 1.7
Finead wohede b daviime sheep only 4 5,53 1,39
K e s e ﬁ i i | 1 w.k
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{988; Van Dongen, Rogers, & Dinges, 2003).
Furthermore, a continuously accumulating sleep
debr was evident in a large proportion of the par-
icipants. Sleep deprivadion in this populaton was
cxacerbated by the fact thar during the dara collec-
don period, there were no days thar could be con-
sidered “weekends” or days off in which catch-up
deep could occur. Therefore, unlike civilians, these
combatants did not have rhe opportunity to amelio-
rate their sleep deprivation during days off (Akerstedt
& Torsvail, 1978; Dahlgren, 1981).

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

‘This study addressed sleep deprivation issues during
milirary operations from the viewpoint of Army offi-
cers newly returned from combar (Miller, Sharruck,
& Matsangas, 2010}, Forry-nine U.S. Army Othicers
with recent combat experience were surveyed to
assess their units sleep patrerns and o determine the
tactics, techniques, and procedures used to counter
the etfects of sleep deprivation in their units. Resules
showed thar 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 not been
bricfed on a sleep management plan during their
most recent deployment. Over half of the respon-
demis reported thar fadgue was a problem in their
wnits. During high operational tempo (OPTEMPO),
which occupied nearly half of their time in combat,
participants report receiving only four hours of sleep
daily, Finally, the vast majority of respondents
(82.6%) reported feeling slecp-deprived ar least
accasionally while at high OPTEMPO.

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

military sertings. A common thread runs through
all of these studies: American soldiers, sailors, and
Marines worldwide are accumulating a staggering
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 to promote sleep
hygiene in the U.S. milicary’s ground forces have
not been successtul, as documented by a widespread
failure to comply with mandatory sleep manage-
ment plans. Continuing pressure to “downsize” the
military forces has left the same amount of work o
be done by an ever-shrinking work force.

Given thar U.S. warfighters suffer from chronic
sleep deprivation, they will almost certinly experi-
ence deleterious effects on their performance. The
most egregious example of the consequences of
chronic and acute sleep debt is when combat rroops
fall asleep when they need to be vigilant. While less
obvious, other effects of chronic and acute sleep
debt such as microsleeps; lapses in atwention,
memory, and judgment; alrerations in mood; and
degraded decision-making also have far-reaching
consequences for combat effectiveness. Milicary
leaders would never send troops into harm's way
without the safety afforded them by armor and
other personal protective equipment; yet sending
treops 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. Accommodarion of adolescent
sleep needs has proven successful in various military
training environments (e.g., US. Navy's Recruic
Training Command at Grear Lakes, UJS 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-
rional environments.

Another prevalent and troublesome finding in
this ten-vear research effort is that senior milicary per-
sonnel report that they do not need more sleep. The
inference is that the military has “weeded out” indi-
viduals with normal sleep requirements by selecring
and promoting the individuals who are less suscepri-
ble 1o sleep deprivacion. Is atrrition higher for indi-
viduals who require more sleep than those who cither
need less sieep or are less susceprible to sleep depriva-
tion 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 processi More importntly,
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, ten years of Naval Postgraduare
Schoo! investigation of sleep in military sertings
has revealed that when military leaders are bold
enough 1o employ innovative methods to enhance
the quality and quandty of sleep, the resule is
improved effectiveness in training and performance.
We conclude this chaprer with the sober words of
Jonuchan Shay (1998):

Prerending re be superhuman is very dangerous. Ina
well-led military, the sel-maintenance of the
commander, the interests of his or her connery, and
the good of the roops are incommensurable only
when the enemy succeeds in making them so. s
time ro crivically reexamine our love athair with stoic
self-denial, . . . 1 an adwersary can turn our
commanders into sleepwalking zombies, from a
moral point of view the adversary has done nothing
tundamentally differenr than destroying supplies of
food. warer, or mmmanition. Such could be the
curcome, despite our best efforts 1o counter it Bur
we must stop doing it 1w ourselves and handing the

enemy a dangerons and unearned advantage.
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Forty-nine U.S. Army officers with recent combat experience were surveyed to assess their units’
sleep pattems and to determine the tactics, techniques, and procedures used to counter the effects .
of sleep deprivation in their units. Despite Army policy requiring units to develop and implement. -
sleep management plans, nearly 80% of the participants reported they had not been briefed on

a sleep management plan during their most recent deployment. Over one half of the respondents
reported that fatigue was a problem in their units. During high operational tempo (OPTEMPO),
which occupied nearly half of their time in combat, participants report receiving only 4 hr of sleep
daily. The vast majority of respondents (82.6%) reported feeling sleep-deprived at least occasionally
while at high OPTEMPO. These findings have important implications for the operational readiness
of all military units deployed to combat environments. B

The demands of modem-day life contribute to work schedules whereby humans chronically
fail to get adequate amounts of nightly sleep (Dement & Vaughan, 1999). Over the past
century, research indicates that Americans get significantly less sleep than did our forebears:
on average, over 2 hr less sleep per night. This alarming trend is even more prevalent among
professions requiring around-the-clock operations, such as emergency response teams and
members of the military forces. Professionals in these fields are faced with both acute and
chronic sleep deprivation, resulting in a sleep debt that undoubtedly affects their performance
and safety. Cutbacks in military spending—and the desire to do more with less—have led
to increased: pressure for military, personnel to work longer hours with less time off, and
increased operational tempo (OPTEMPO). This term, referring to the pace of military missions
(Department of the Army, 1996), can be interpreted as the military equivalent of workload,
and it is known to affect soldier and unit performance (Castro & Adler, 1999; Thomas, Adler,
& Castro, 2005). Problems from excessive workload are further exacerbated by the dangerous
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combat environments and poor sleeping conditions faced by members of the U.S. military when
engaged in combat operations.

The effects of sleep deprivation on performance are well documented in the scientific
literature (Belenky et al., 2003; Van Dongen, Maislin, Mullington, & Dinges, 2003). In fact,
the pe_rformance_degradation from sleep deprivation has been likened to that experienced by
alcohol intoxication (Dawson & Reid, 1997). In particular, psychomotor vigilance is dramat-
ically altered when sleep is restricted. Vigilance is crucial for many military tasks including
watch-standing and tactical operations. When vigilance is degraded, important information is
invariably missed, placing both service members and the mission at greater risk of failure.

Harrison and Homne (2000) reviewed the effects of sleep deprivation on a wide range of
cognitive activities, including decision making. They pointed out that senior mangement and
military leaders are often required to work extended hours during times of crisis, making
high-level decisions in complex, dynamic, and dangerous environments. The sleep deprivation
experienced by these decision ma]i(ers may not not affect complex, rule-based, logical task
performance—perhaps due to heightened interest and compensatory efforts by participants.
However, they concluded that sleep deprivation does affect decisions that involve creative
solutions, dynamic replanning, managing competing demands, and complex communications—
all critical macrocognitive activities inherent in military environments. Harrison and Horne
discussed the critical role of the prefrontal coriex in tasks of this nature, and suggested that
sleep deprivation “presents particular difficulties for sleep-deprived decision makers who require
these latter skills during emergency situations” (p. 236). Other recent studies have also linked
sleep deprivation to altered electrical activity in the prefrontal cortex, adding credence to this
argument and offering a physiological rationale to explain macrocognitive changes.

The effects of fatigue are insidious. Humans, especially sleep-deprived ones, are not adept
at judging when their performance is impaired. There is an attitude among those in the military
that may actually contribute to sleep deprivation by encouraging stoic denial of the need for
sleep (Davenport & Lee, 2007; Shay, 1998). A study conducted at the National Training Center
found that the amount of sleep received was inversely proportional to rank, indicating that senior
leadership received even less sleep than those junior to them (Belenky, 1997). Sleep-deprived
leaders appear to have a diminished capacity to recognize their own sleep debt, as well as
the sleep debt of their subordinates. Instead, these leaders need strategies for effective fatigue
mitigation and fatigue countermeasure guidance that can be implemented easily.

Army regulations address sleep-related issues as part of combat and operational stress and
battle fatigue (a military term for combat stress symptoms and reactions; Department of the
Army, 2009). Military leaders are required to focus their efforts on their units’ operational
stress management. The following list of suggested fatigue countermeasures is routinely given
to commanders: encourage napping, provide quiet and dark rest areas, and use of stimulants
(caffeine). Commanders are advised to be cautious with sleep-inducing agents given the con-
sequent performance impairment that these agents may induce. Appropriate scheduling of shift
work is another method to maintain unit performance during operations (Department of the
Army, 2009). Before deployment, sleep and fatigue issues are always a concern for the chain
of command, and military leaders are advised at staff meetings to enforce sleep management
plans for their units.

This article reports the results of a survey of self-reported sleep and napping pattems,
OPTEMPO, and stress of U.S. Army officers recently returned from deployments to Iraq or

St
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Afghanistan. The focus of the study is on two areas: the sleep patterns of individual soldiers and
military units engaged in continuous operations; and, the tactics, techniques, and procedures
used by forward-deployed units to counter fatigue. :

METHOD

Participants and Semng

This study focuses on sleep issues during military operations. The study respondents were
recruited after consulting with the senior leadership at the Infantry Officer Advanced Course
(I0AC) at Fort Benning, Georgia. Study participants were a convenience-sample of 49 male:
returning combat-deployed:Army officers enrolled in the IOAC.-As reportéd by the school
leadership, the distribution of IOAC attendees is representative of the larger deployed force of
'U.S. Army officers in terms of age, rank, and experience. . . . i

Instrument

The questionnaire was spec1ﬁcal]y constructed to evaluate the respondent’s most recent combat
deployment, and was composed of 13 questions. Three questions were open-ended, whereas
the other 10 questions included numerical inputs, dichotomized inputs, or ratings on 5- pomt
Likert-type scales The questmnnalre included the following secnons

1. Demographic information: age, rank, gender, Military Occupational Specialty, total years
of service, commissioned years of service, and number and total length of all combat
deployments. '

. Briefing on sleep management plan (yes or no).

3. Sleep issues, related to.the: part:apzmt’s unit: “My unit worked in shifts,” “My unit

_ encouraged and monitored naps,” “My unit designated dark and qu1te areas for rest,”
and “My unit tried to enforce sleep schedules.”

4. Fatigue and sleep routines. management question: “Fatngue was a problem in. my umt,
and “My unit did a good job managing sleep routines.”

5. OPTEMPO occurrence. The participant estimated the percentage of time spent in
OPTEMPO level (high, moderate, or low) during last deployment.

6. Daily sleep question: Participant reported the average amount of daily sleep by OPTEMPO
level.

7. Napping question: “In addition to one major sleep period, I took naps to get more
sleep.” Participants estimated the occurrence of napping by OPTEMPO level.

8. Sleep deprivation question: “How often did you experience sleep deprivation symp-
toms?” Input included frequency of occurrence for each OPTEMPO level.

9. Deployment issues question: Over the course of the deployment, “Sleep deprivation was
a serious problem in your unit;” “You were exposed to significant sources of stress,”
“You would characterize your stress level as very high,” and “Compared to your normal
life, you used more caffeinated: drinks (coffee, soft drinks, or tea).”

e
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10. Sleep evaluation question: “When I reflect on my own sleep patterns and the sleep
patterns of the soldiers with whom I served throughout the entire deployment, I would
characterize that sleep as....” Participants rated sleep quantity (their own, peers, su-
periors, and subordinates) on a 5-point scale ranging from 1 (much less than needed),
2 (less than needed), 3 (about right), 4 (more than needed), to 5 (much more than

- needed). -
11. Three open-ended questions: “Indicate other things your unit did to address sleep issues,”
" “Indicate positive factors that affected your unit’s rest,” and “Indicate negative factors

that affected your unit’s rest”

Questions 3, 4, and 7 to 9 were rated on a 5-point Likert scale ranging from 1 (never), 2
(rarely), 3 (occasionally), 4 (sometimes), to 5 (all the time).

Statistical Analysis .

Answers to the survey questions were entered into a Microsoft Excel spreadsheet. Statistical
analysis was conducted with Excel and JMP Release 7.0. Data normality was assessed with
the Shapiro-Wilk W test. Initially, the data were analyzed for outliers. Analyses of variance
(ANOVASs), chi-square analyses, and nonparametric tests were used when appropriate to assess
the study responses. Statistical significance was indicated for two-tailed p values of <.05.
The independent variables were OPTEMPO and whether participants had been briefed on a
sleep management plan. The main dependent variables examined were self-reported sleep and
napping, sleep deprivation symptoms and stress, and assessment of unit sleep issues.

Procedures

Study participants were volunteers who provided their informed consent after being briefed
about the study. The survey was administered to the entire group of officers after they were
informed of their right to decline participation. The study instrument and research protocol was
accepted by the Infantry School leadership, and approved by the Naval Postgraduate School
institutional review board. All participants were asked to fill out the study questionnaire.

RESULTS

Demographic Data

Two participants reported that they had never deployed to combat, whereas one participant
reported having deployed 10 times in just 6 years of service (Mahalanobis outlier distance =
5.81). These 3 participants were excluded from further analysis. This article focuses on the
remaining 46 participants. The average age of the study participants was 29.4 years (SD = 4.4,
Mdn = 28); 6 of the respondents held the rank of first lieutenant, 38 were captains, and 2 were
majors. The average length of time in military service was 8.1 years (SD = 5.0, Mdn = 6.5).
The majority of the participants (71.19%) had only one deployment to combat, whereas the
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remainder had more than one cdmbat deployment (2 deployments: 20%; 3 deployments: 6.7%;

deployed to combat was 15.5 months (SD = 11.7, Mdn'= 12'.0)’.

and 4 deployments: 2.2%). On average, respondents. reported: that the total; time they; had.

Sleep Plan , - ] :
Approximately 80% of the participants in the study reported that they were not briefed on a
sleep management plan during their most recent deployment (not briefed: n =37, or 80:4%;
briefed: n = 9, or 19.6%). Briefing status was independent of age, rank, length of totak time
in service, and length of commissioned service. o : B

We also examined the extent to which the participants” units focused on sleep issues
and on the use of countermeasures that could mitigate the impact of fatigue on individual
and unit performance. We focused on participants’ responses to known interventions used in
military operations in order to reduce the deleterious effect of sleep deprivation: (a) shift-
working, (b) encouraging and monitoring naps, (c) designating dark and quiet areas for rest,
and (d) enforcing sleep schedules. The frequency of responses for these four survey items
is shown in Figure 1. The percentage of participants is shown by the number at the top of
each bar. For example, in Figure 1, 25% of the total number of those responding to this item
answered “never” to whether their unit worked in shifts. P ) _

OF particular interest and coricern is the large proportion of “never” or “rarely” answers
in Figure 1. For example, 73.9% of the respondents reported that their unit never or rarely
encouraged or monitored naps, whereas 66.7% of respondents reported that their unit never or
rarely designated- dark or quiet. areas for rest. One half of the respondents (50%) answered that
they had never, or rarely, tried to enforce sleep schedules, indicating that most units ‘may not
have openly addressed sleep issues. ' _

We attempted to quantify the implementation of fatigue interventions during operations by
combining the responses to the four questions (shift-working, napping, rest areas designation,
and sleep schedules enforcement) to arrive at an overall metric, “sleep hygiene rating.” (For
this study, we use this term to refer only to these 4 sleep-promoting factors that are specifically
mentioned in the existing, Army regulations.) This sleep hygiene rating. indicates the.overall
attention or emphasis placed on sleep issues by any given unit. The point values for each

participant’s TESponse Wwere. summed. across the four questions in this group, giving each.

participant an overall score. These scotes.ranged from 4 (the minimum value when all answers
were “never”) to 20 (the maximurn value when all answers were.“all the time”). For example,
a respondent answering “‘rarely” to all four items would have an overall sleep hygiene rating
of 8, whereas a participant responding “oceasionally” to all four items would have a sleep
hygiene rating of 12. Similarly, a respondent indicating “sometimes” to all four items would
have a score of 16. Higher sleep, hygiene ratings indicate that the unit was more attentive
to sleep hygiene, whereas lower: scores indicate that less attention was paid to unit sleep
fygiens, ° - L - TELE T L o -

The results showed that participants’ sieep fiygiene ratings were related to whether or not
they were briefed on a sleep- management plan during their most recent deployment (Van
der Waerden nonparametric test, 1-way chi-square approximation): xX(1, N = 44) = 2.7936,
p = .09; briefed: n = 9 (Mi=:11.56; SD. = 5.20); not briefed: n = 35 (M = 9.26,
SD = 3.83). Simply stated, units that briefed its members on sleep plans also engaged in

A e i < 300 2
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Never Rarsly Occaslonally Sometimes

All the tims

Never Rarely Occaslonally Sometimes

Navar Rarely Occaslonally Sometimes

All the time

FIGURE 1 Frequency of answers regarding sleep hygiene and the use of fati

gue countermeasures.
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FIGURE 2 Frequency of overall sleep hygiene ratings as a function of sleep plan briefing status. Nofe.
Higher ratings indicate better sleep hygiene.

other fatigue management practices. Figure 2 shows the frequency of the overall sleep hygiene
rating, depending on whether or not the participants had been briefed on a sleep plan.

It is interesting to note that, although the participants who reported they had been briefed on
a sleep plan generally had higher overall sleep hygiene ratings, 3 members of that group had
very low overall sleep hygiene ratings. The specific type of units and the missions to which
these individuals were assigned is unknown. e owm S '

Overall Unit Fatigue and Sleep Management:

The next section of the questionnaire asked réspondents to rate their agreement with. the
statements that “fatigue was a problem” in their unit and that their unit “did a good job managing

sleep routines.” Although we were not able to collect objectively determined measures of sleep’

in these deployed units, these subjective answers represent individual assessments of fatigue
severity and unit effectiveness with respect to sleep management. Figure 3 shows the responses.

to “Fatigue was a problem in my unit.” A majority of respondents (over 55%) agreed or strongly - .

agreed that fatigue was a problem in their unit.

Sleep plan briefing status was a significant determinant for participants; evaluation. of.
whether their unit managed sleep routines well, F(1,43) = 9.0378, p = .004 (Van der

Waerden nonparametric test, 1-way chi-square approximation): (1, N = '45) = 7.5404,
p = .006). Nearly two thirds of participants (66%) who were briefed on a sleep plan agreed
or strongly agreed that their unit did a good jeb managing sleep routines. This finding is-in
stark contrast to the responses of participants who did not receive sleep plan briefings; of those:
not receiving a sleep plan briefing, only 24.3% agreed that their unit did a good job managing
sleep routines. Those respondents who received a sleep: plan briefing were much more likely
to agree that their unit did a good job managing sleep routines.
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Fatigus was a probiem in my unit

Strongly
FIGURE 3 Frequency of responses to Survey liem 4A (“Fatigue was a problem in my unit”) as a function
of sleep plan briefing status.

Finally, participants indicating that their units did a good job at sleep routine management
were those who placed an emphasis on sleep issues (as shown by increased sleep hygiene

ratings: correlation, r = A84; n = 43; p < .001).

OPTEMPO

Participants were asked to estimate the percentage of time during their last deployment that
they spent at high, moderate, or low OPTEMPO, based on their subjective assessments of
OPTEMPO load. Nearly half (46.7%) of the time (SD = 23.0%), participants reported that
their units were at high OPTEMPO, contrasted with 36.3% of the time (SD = 17.8%) at
moderate OPTEMPO and 17.5% of the time (SD = 17.2%) at low OPTEMPO.

For each OPTEMPOQ level, participants reported the average amount of daily sleep they re-
ceived. Results showed that reported daily sleep varies with OPTEMPO: ANOVA, F(2,122) =
69.3067, p < .0001; median test, 1% = 70.2601, p < .0001—that is, the higher the OPTEMPO,
the less sleep participants received (low: M = 7.80 hr, SD = 1.52 hr, Mdn = 8.00 hr; moderate:
M = 6.00 hr, SD = 1.33 hr, Mdn = 6 hr; and high: M = 3.90 hr, SD = 1.56 hr, Mdn = 4 hr).

Reported daily sleep was also related to the overall sleep hygiene rating, which may reflect
the extent to which participants were able to implement sleep hygiene practices while in the
field. This association was significant only at high and moderate OPTEMPO levels: high,

F(1,42) = 6.1292, p = .0174; and moderate, F(1,41) = 6.5587, p = .0142.

Frequency of Naps

Respondents were asked fo rate the frequency with which they used naps to augment their
sleep period when they were at high, moderate, or low OPTEMPO. Figure 4 shows
the frequency of these answers. Not surprisingly, increased OPTEMPO is associated with
less napping (i.c., napping frequency drops off as the time available to do anything, other
than operations, becomes more limited). This finding could account, in part, for the reduction
in average daily sleep during high OPTEMPQ. If one combines the two napping categories,

major
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FIGURE 4 Frequency of answers to Survey ltem 7 (“In addition to one major sleep period, I took naps to
get more sleep™) versus operational tempo (OPTEMPO). : o

“never” and “rarely,” 45% of the participants reported that during low and moderate OPTEMPO,
they never or rarely napped. During high OPTEMPO, this percentage reached nearly 60%:"

Sleep Deprivation

Participants were asked to rate the frequency of sleep deprivation symptoms when they were
at high, moderate, or low OPTEMPO. Results showed that increasing OPTEMPO levels lead
to greater severity of sleep deprivation symptoms: likelihood ratio test, 21, N = 46) =
44,502, p = .0001. Consequently, 53.5% of the participants reported that they rarely or never
felt sleep deprivation symptoms during low OPTEMPO, whereas this percentage decreased to
37.8% during moderate OPTEMPO, and it was only 17.4% during high OPTEMPO. Clearly, an
overwhelming number of respondents (82.6%) reported they felt sleep-deprived occasionally,
sometimes, or all the time while at high OPTEMPO. ‘

Sleep Deprivation and Stress Levels

Given that the questions so far captured a subjective evaluation of daily sleep, napping, and
sleep deprivation, the next group of questions assessed the severity of sleep deprivation, the
tevel of stress experienced during the deployment, and the use of caffeinated drinks.

Participants indicated that sleep deprivation was occasionally regarded as a serious problem
in their unit (M = 2.67, SD-= 0.96, Mdn = 3.00). During deployments, they were “‘some-
times” exposed to significant sources of stress (M = 3.91, SD = 1.05, Mdn = 4.00). The more
strenuous the deployment (higher OPTEMPO), the more they experienced significant stress
(Spearman’s p = 0.42, p = .003). Participants who indicated more exposure to stress also
indicated that they got more naps during high OPTEMPO (Spearman’s p = 0.31, p = .038),
possibly because the efficacy of napping becomes more evident during such missions.

Stress level on the most recent deployment was reported as occasionally very high (M =
3.37, D = 1.06, Mdn = 3.00). In general, the frequency of very high stress levels was related
to the frequency of sleep deprivation symptoms during high OPTEMPO missions (Spearman’s
p = 032, p = .033), whereas therc is negative relationship between reported daily sleep
during such operations (Spearman’s p. = 0.37; p = .014; i.e., personnel sleeping more felt
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fess extreme stress). It was not all that surprising that the deployed personnel reported that
they “sometimes” consume more caffeinated drinks (coffee, soft drinks, or tea) compared to
their normal life (M = 3.44, SD = 1.55, Mdn = 4.00), with the percentage of participants
reporting increased consumption a1l the time” reaching 40% (n = 18). The frequency of
caffeine consumption increase was related to the frequency of sleep deprivation symptoms
during moderate (Spearman’s p = 0.46, p = .001) and high OPTEMPO (Spearman’s p = 0.39,
p = .008). . : , '

Unit Sleep Patterns

To address unit sleep patterns, respondents were asked to report on their own sleep patterns and
those of subordinates, peers, and superiors. Overall, participants reported that the sleep they
received during deployment was not enough (Mdn = 2: “less than needed”). They reported that
subordinates’ and peers’ sleep was “about right” (median response), whereas they reported that
sleep for “self” and “superiors” was “Iess than needed” (median response). Of the four sleep
categories (self, subordinates, peers, and superiors), an overwhelming majority of respondents
reported that -their superiors slept significantly less than needed (Kruskal-Wallis rank sum
test), y2(1, N = ) = 6.1655, p = .013). Nearly 70% of respondents reported that their
superiors receive less or much less than the amount of sleep they needed. Nearly one half of
the responidents (47.0%) reported that subordinates receive less or much less sleep than needed.
When looking at their own sleep patterns, over one half (55.1%) of respondents reported
receiving less or much less sleep than they need.

Interventions to Address Sleep Issues

An open-énded question asked respondents to report things that positively affected the sleep
of their unit. Twelve participants noted the following factors: (a) shift work and rotation of
individuals or squads; (b) monitoring personnel performance and motivation by unit leaders;
(c) enforcing a work schedule, mandatory sleep periods, or days off; and (d) employing
operational risk-management policies when conducting operations.

Negative Factors Affecting Unit Rest

Participants were also asked to report any factors that adversely affected their unit. These
comments from 16 respondents are summarized in the following categories: (a) heat stress,
(b) working long duty hours or non-optimized rotations, (c) lack of soldiers’ refit opportunities,
(d) increased workload due to reduced manning, (¢) commitments other than conducting
operations, (f) high OPTEMPO, (g) difficulty in scheduling activities, and (h) poor management
of personnel. )

DISCUSSION-

This study afforded an opportunity to address sleep deprivation issues during military operations
from Lhe viewpoint of Army officers newly returned from combat. The way respondents were
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determined poses both a strength and a threat to the validity of our findings. The survey
respondents are not a random sample of all Army officers, but represent a “convenience”
sample of deployed Army officers taking part in the operations currently conducted in Irag
and Afghanistan. These officers were drawn from the larger population of Army officers who
conduct their duties as junior leaders for the deployment period. We attempted to minimize
possible bias of the sample by coordinating with the school’s leadership to recruit respondents,
since course attendants represent a typical group of retumning Army officers. One strength of
this study is the use of these “real-world” respondents, since thcy lend external validity to the
results.

This study identifies several disturbing ﬁndmgs The results indicate that a very high
percentage (80%) of participants did not receive a briefing on sleep management planning,
although such briefings are mandatory under U.S. Army policy. The majority of participants in
this survey were junior leaders (i.e., platoon leaders, company commanders, or staff officers at
the company or battalion level). If they did not receive briefings on sleep management planning,
it is likely they did not give such briefings to the soldiers for whom they were responsible. The
findings from this survey indicate that this figure has dropped even lower than that reported by
Doheney (2004), pointing to the possibility that commanders address sleep management issues
even less now than at the beginning of the Global War on Terror. In many units, even the
most basic sleep and fatigue management practices (e.g., encouraging napping or designating
dark and quiet places to sleep) were not implemented. Fortunately, the study also revealed that
briefing soldiers’ on (and implementing) sleep plan management had a positive effect on the
sleep hygiene of a unit. B

Another notable finding in the study relates to the sleep reported for each level of OPTEMPO.
Respondents reported spending nearly half their time at high OPTEMPO—as much as 7 months
of a 15-month deployment—during which time they averaged approximately 4 hr of sleep per
night. Unquestionably, 4 hr of sleep is insufficient for young men and women whose survival
is dependent upon their ability to remain vigilant.

The amount of daily sleep reported by respondents to our survey is mgmﬁcantly lower than
the recommended requirement of 8 hr of sleep per day. Yet, this result is in keeping with results
from other studies conducted in Southwest Asia, which reported sleep issues in U.S. Army and
Marine Aviation units (Doheney, 2004; Miller, Shattuck, & Matsangas, 2006). (For a review
of fatigue in military operational environments, refer to Miller, Matsangas, & Shattuck, 2008.)
OPTEMPO also appeared to be related to napping behavior: When soldiers were getting the
least amount of sleep (i.e., during high OPTEMPQ), they were also least likely to take naps.

Soldiers who deploy to a Combat Training Center and are at high OPTEMPO for a few
weeks may be able to sustain an acceptable level of performance. However, placing soldiers in
dangerous environments for up to 15 months and restricting their sleep will inevitably take its
toll. The effects of acute and chronic sleep deprivation, coupled with other stressors of combat,
could quite possibly impact soldiers long after they have returned home. Recovery from trauma
and stress, whether physical .or’ psychological, requires a sufficient amount. of quality sleep
(Dolan, Adler, Thomas, & Castro, 2005). Chronic sleep restriction may exacerbate underlying
health issues and prevent | the body from healmg and fendmg off stress-related illnesses (Naitoh,
Kelly, & Englurid, 1990)., Fe I

Responses evaluating, self; peers’s . subordmates and superiors’ sleep suggest worrisome
trends as well. Respondents acknowledged that the amount of sleep received by the participants
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and others with whom they served was inadequate. In fact, they reported that those in more
bility) were 20% more

senior leadership positions (and, therefore, those who had more responsi
likely to get inadequate sleep. This finding is consistent with earlier studies (Belenky, 1997).
The very people who are making decisions that will affect the greatest number of soldiers are
getting the least amount of sleep, and are likely to be the most impaired as a result of their

slezp deprivation. :
al concerns raised by the survey results. First is the continuous push “to

There are two fin
do more with less.” Survey responses regarding management of work and rest schedules while

deployed suggest that units are undermanned with respect to the missions they are given. Units
compensate for lack of personnel in various ways. For example, the number of patrols a soldier

must perform may increase, the number of soldiers sent out on a patrol may be decreased, or

the length of a soldier’s shift may increase. Any of these compensatory strategies could have

negative consequences. Second is the inference that soldiers are not being managed properly.
This may suggest a lack of good leagership or, perhaps, an inadequate understanding of Army
doctrine with respect (0 sustained operations. Although there is Army doctrine that addresses

issues such as sleep hygiene, it is either not adequate or not widely known.
We conclude this article with an excerpt from Shay (1998):

Pretending to 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
n making them so. IL is {ime to critically reexamine our love affair with

when the enemy succeeds i
stoic self-denial, starting with the service academies. If an adversary can furmn our commanders into

sleepwalking zombics, 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 outcome,
despite our best efforts to counter it. But we must stop doing it to ourselves and handing the
enemy a dangerous and unearned advantage. (p. 104)

To Shay (1998), we add this: Although military leaders often must rely on other units to re-
supply them with food, water, or ammunition, well-rested soldiers are a resource almost entirely

under the leaders’ control. As leaders put a great deal of effort into managing the logistical

resources of combat, they must also expend time and effort into managing the alertness of

their soldiers. Failure to attend to either logistical or human resources can lead to the same

dire consequences.

REFERENCES

Belenky, G. (1997). Sleep, sleep deprivation, and human performance in continuous operations. Paper presented at the

Joint Services Conference on Professional Ethics—ISCOPE *97. Retrieved November 30, 2010 from hutp:/fisme.
tamu.edu/JSCOPEST/Belen ky97/Belenky97 htm

Belenky, G., Wesensten, N. I, Thome, D. R., Thomas, M. L., Sing,
performance degradation and restoration during sleep restriction and subsequent recove

study. Journal of Sleep Research, 12, 1-12.
Castro. C. A., & Adler, A. B. (1999). OPTEMPQ: Effects on soldier and unit readiness. Parameters, 86-93.

Davenport, N., & Lee, 1. (2007). Assessing how fatigue causes mishaps. Approach, 52(5), 6-9.
Dawson, D., & Reid, K. (1997). Fatigue, alcohol, and performance impairment. Nature, 388, 235.
Dement, W. C.. & Vaughan, C. (1999). The promise of sleep. New York: Delacorte.

H. C., Redmond, D. P, et al. (2003). Patterns of
ry: A sleep dose-response

Bt hia ol ¥ v




Department of the Army. (1996). Operational terms and graphics (Fie Mano

Department of the Army. (2009). Combat and aperanonal stress coam;....y
Manual No, 6-22.5). Washington, DC: Author.

Doheney, S. W. (2004). Sleep logistics as a force mumpi:er An analysis of rzpar:a[ fatigue.
Asia warfighters. Monterey, CA: Naval Postgraduate School.

Dolan, C. A., Adler, A. B., Thomas, J. L., & Castro, C. A. (2005). Operanonsfempoan soldierhgzi The
effect of wellness behavior. Military Psychology, 17, 157~174. ' : o

Harrison, Y., & Home, J. A. (2000). The :mpact of sleep depnvanon om decision making: A review. Jaunml af :
Experimental Psychology, 6, 236-249.  ~

Miller, N. L., Matsangas, P, & Shattuck, L. G. (2008} Fangue a.ndm effect on performance in military environments.
In P. A. Hancock & J. L. Szalma (Eds.), Performance under stress (1st ed., pp. 231-250). Burlington, VT: Ashgate.

Miller, N. L., Shattuck, 1. G., & Matsangas, P. (2006). Effect of shifiworking on sleep attributes in operational
environment: Lessons from Iraq campaign. Unpublished research, Naval Postgraduate School, Monterey, CA.

Naitoh, P, Kelly, T., & Englund, C. B. (1990). Health effects of sleep deprivation [Review]. Occupational Medicine,
5, 209-237.

Shay, J. (1998). Ethical standing for commander self-care: The need for sleep. Parameters, 28, 93-105.

Thomas, I. L., Adler, A. B., & Castro, C. A. (2005). Measuring operations tempo and relating it to military performance.
Military Psychology, 17, 137-156.

Van Dongen, H. P. A, Maislin, G., Mullington, J. M., & Dinges, D. E (2003) The cumulative cost of additional
wakefulness: Dose-response effects on neurobehavioral functions and sleep physmlogy from chronic sleep restriction

and total sleep deprivation. Sleep, 26, 117-126.




| NAVEED 6460
1 JAN 2000

Sleep

MORE IS BETTER ... UP TO A POINT

CO’s, XO’s, department heads and strike leaders will sleep far less
than normal the week prior to the first strike because of the multiple
demands of running the squadron, planning and flying.

Sleep cannot be stored or built up but the preload of sleep loss can be
reduced (2).

Prior experience with sleep loss does not provide training to maintain
performance.

The minimum amount of sleep to maintain performance during
sustained operations is 4-5 hours per day. Fragmented sleep is less
effective (2).

Many studies indicate the important factor is the total amount of
sleep, not the amount in a specific sleep cycle. The body tends to
adjust for the stage of sleep if given enough time for sleep (2).

Resting on a bed is not the same as sleep. For some unknown
reasons, the regenerative properties associated with sleep cannot be
accomplished by just rest (2).

Combat naps of 10 minutes or more will help maintain alertness and
job performance. There is some risk from “sleep inertia” lasting
about 5 minutes after awakening characterized by confusion,
sluggishness and uncoordination (3).

“Non-habitual nappers” experience sleep inertia more frequently.
Taking more naps (practicing) appears to reduce this problem (4).

Tt is easiest to initiate sleep twice a day; in the early afternoon and
just before the normal sleep time.

Alcohol, while initially relaxing, significantly worsens the duration
and quality of sleep.

Sleeping more than 10 hours may cause “sleep drunkenness” and should be discouraged, even after a period

of sleep deprivation (2).

Caffeine interferes with sleep. During Desert Storm aviators who drank less caffeine on non-flying days took

longer naps (5).

THE COMBAT NAP.

Conventional wisdom-
suggests.that the combat nap
is sought by junior officers as ..

" a means of avoiding the

executive officer. From the
standpoint of performanbe"
maintenance, however, it is
_probably the most useful tool
~'we have during continuous
and sustained operations.

~ Unlike other interventions;

sleep reduces fatigue itself. In
other words, it treats the -

~ problem not the symptom.

‘Research suggests that a

" period of sleep as short as 10
‘minutes improves objective
fun‘ctibning. The only -
drawback to the nap is that

- some individuals awaken

disoriented and lethargic -
which lasts from 5 to 20~
_minutes. “Practice” naps may

* reduce this period of sleep

inertia.+

" Itis strongly recommended
that commands encourage,
and at times mandate, :
combat naps.
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Circadian Rhythms

EARLY MORNING IS THE HARDEST TIME

NAVMED F-6410
1 JAN 2000

There are numercus cyclic body rhythms in man that
collectively are described as circadian rhythms. The
influence of the circadian rhythm on aviator
performance during continuous operations can be
dramatic and warrants both appreciation and
understanding. '

A general rule is that your body will adapt 1.5
hours/day when traveling east and 1.0 hours/day when
traveling west (6). This does not mean that a person
cannot perform before all his/her systems are locked
on; just that the performance will not be maximized.

THE CIRCADIAN CYCLE

Experiments carried
cut in isolation (where

all environmental cues DAY1  |DAY2
have been removed)
place humans on a

Peak

free-wheeling cycle
resulting in a
spontaneous period
commonly close to
25 hours. Entraining
agents, however,
reset the biological
clock daily. These
include light and
darkness (the most

PERFORMANCE

Performance .

DAY 3 DAY 4

B — e i

powerful cues), sleep,
meals, social activities
and clocks.

Desynchronization occurs when internal rhythms are no
longer in tune with extemal cues or each other.
Continuous operations, transmeridian travel (jet lag)
and sleep deprivation (as found in SUSOPS) all force
the rhythmic systems of the body to re-adapt.

Systems shift their phases at different rates and
therefore may not-only be out of phase with local time
(external desynchronization) but also out of phase with
each other (internal desynchronization). Some phases
will be phase delayed and others phase advanced.
Finally, there are substantial individual differences. For
example, extroverts tend to readjust faster than
introverts and individuals over age 40 take more time
to readjust than the same person would at age 20.
People who live on a more regimented schedule appear
to have an easier time adjusting than a person who eats,
sleeps, ete. when he or she feels like it. Fortunately,
the military aviator is normally younger and tends
toward regimentation and extroversion. -

Range
D " Low 5 \.L
Performance
T T T
2400 1200 2400 1200 2400 1200

On an average circadian cycle, performance peaks
between 1200 and 2100 hours (normally around 1600)
and falls to a minimum between 0300 and 0600 hours.
Many body rhythms are tied to sleep rather than the
temperature cycle and by disrupting sleep these other
cycles are also affected.

About seven consecutive days of shift work are
required to adjust the body temperature cycle (and the
associated performance peaks and valleys). A single
period of night work is more easily tolerated than three
or four consecutive nights (which starts the process of
circadian desynchronization) (7).

Continuous and sustained operations are prime culprits
in causing circadian desynchronization. The resultant
fatigue can be more difficult to manage as the body is
now challenged both internally and externally. This is
known as “operational fatigue.”
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Fatigue

EASY TO UNDERSTAND BUT DIFFICULT TO DEFINE
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Fatigue is something we all have experienced in varying
degrees. Unfortunatley, given its multi-faceted nature, a
clear and concise definition remains elusive. We will
therefore discuss some of the qualities of fatigue as
described by Krueger (8) and offer three working
definitions applicable in the military setting.

Physical fatigue is the temporary loss of the power of
muscles (or sensors) to respond. Mental fatigue includes the
subjective feeling of weariness followed by worsening
performance of cognitive tasks.

One characteristic of mental fatigue is “an aversion to
effort.” During prolonged difficult tasks Krueger describes
~how *...we often see fatigued workers suddenly stop their
- work, be it physical or cognitive, and vigorously participate
in sporting activities, or computer games during ‘break’.”

Also seen are occasional periods of no response to
stimulation but with normal functioning between. This has
been described as the “lapse hypothesis” and while not fully
understood, explains why vigilance and attention are early
casualties of fatigne.

The subjective sense of fatigue is the first indicator that
people are getting tired. In a normally close knit squadron
interpersonal dynamics, in particular everyone's sense
of humor, may be the first thing to change. As a
management tool this can be a useful hint for the
commanding officer.
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