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Study Objectives: The study provided an opportunity to observe sleep patterns in a college-age population attending the United States Military
Academy.
Design: This 4-year longitudinal study investigated sleep patterns of cadets. A stratified sample of 80 cadets had sleep patterns monitored using
actigraphy for 8 months: one month in both fall and spring academic semesters over a 4-year period.
Setting: Data were collected at the United States Military Academy, West Point, NY.
Participants: Participants were members of the class of 2007 (n~1300) ranging in age from 17 to 22 when entering USMA.
Measurements and Results: A sample of the class (n = 80) wore wrist activity monitors and completed activity logs for one month in fall and spring
academic semesters for the 4-year period. On average over the 4 years, cadets slept < 5.5 h on school nights. Cadets napped extensively, perhaps
in an attempt to compensate for chronic sleep debt. Cadets slept more during fall than spring semesters. Male and female cadet sleep patterns
varied dramatically, with males consistently receiving less sleep than females (~21 m for nighttime sleep and ~23 m for daily sleep).
Conclusions: Cadet sleep at USMA is related to academic year, semester, season, sex, school day or weekend, and day of the week. These
students suffer from chronic sleep debt. Restrictions imposed by the military academy limit the generalizability of the findings to other college age
populations.
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RESEARCHERS HAVE REPORTED THE DISTINCT
CHANGES THAT OCCUR IN SLEEP PATTERNS WHEN
HUMANS ENTER ADOLESCENCE.1-4 THESE CHANGES
are marked by both a delay in and an extension of the major
sleep period. When allowed to conform to individual sleep preference, individuals in this age group experience later bedtimes
and awaken much later, a pattern that corresponds to the naturally occurring melatonin levels of this age group.5,6 While this
change in sleep pattern coincides with pubertal onset in the teen
years, Roenneberg et al. reported that this tendency to sleep late
may continue throughout the lifespan.7 Their model of the timing of self-selected sleep identified 3 important determinants:
genetic disposition, sleep debt accumulated on workdays, and
light exposure. The study also identified significant differences
between the amount of sleep for males and females (females
had 17 m more sleep on weekdays), although sleep amount in
the 2 groups was not significantly different on free days. Individual sleep requirements also vary considerably8,9 and have
been attributed to differences in human physiology.10,11 Even
though adults need on average approximately 7.5 to 8 h of daily
sleep, both ends of this distribution exist with short sleepers
(≤ 6.5 h of sleep) and long sleepers (≥ 8.5 h of sleep).10-13
Numerous studies indicate that sleep is often a problem for
college-age students, with mounting evidence that this age
group commonly suffers from disordered sleep patterns that often result in chronic sleep debt.14-18 This trend may be worsening,

perhaps due in part to the 24-7 nature of life in the twenty-first
century,19,20 which is marked by advances in technology that surround the individual with connectedness.21,22 With the omnipresence of the internet, laptop computers, and caffeine dispensaries,
modern society differs dramatically from that of just a few decades ago. Today, there is little down time when individuals are
forced to “tune out” and disconnect from technology.
This trend is especially alarming in light of a growing body
of literature highlighting the association between chronic sleep
debt and insomnia and a variety of physical and mental health
issues.23-25 Additional evidence points to the role of sleep in
maintaining the body’s ability to ward off infections through the
immune system.26 Along with the negative health consequences
of sleep deprivation, its effect on individual cognitive performance has been documented in multiple studies.27-29 Memory
consolidation, long-term recall, and retrieval, particularly of
novel material, is affected by sleep restriction.30-32 Mishaps and
safety violations are closely associated with inadequate sleep.33
Sleep deprivation is not uncommon in military life, especially
during exercises, demanding training periods, and combat.34,35
For this reason, Army regulations address sleep related issues as
part of combat/operational stress and battle fatigue (a military
term for combat stress symptoms and reactions).36 Historically,
many members of the military view sleep as an indulgence;
sleep deprivation in the interest of duty is even revered.37 In
military training and eduction settings, the schedule of activities
is both rigorous and strictly enforced. Combined with extremely
limited opportunities for sleep, the typical schedule often results in cumulative sleep debt and involuntary forced circadian
desynchrony.18 Grades and other performance measures suffer
when adolescents and young adults experience restricted sleep
schedules. This finding was confirmed in a study of test scores
of US Navy Recruits at Great Lakes, Illinois.38 In another study
of military members, Killgore et al. found significant correlations between sleep and test scores in military students attending
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for cadets to sleep late. Weekends also represent the major opportunity for cadets to engage in social activities. All cadets participate in athletics, either on intramural or intercollegiate teams.

Table 1—Typical school day schedule at USMA
06:30
06:55-7:30
07:35-11:45
12:05-12:40
12:45-13:40
13:50-15:50
16:10:17:45
18:30-19:15
19:15-19:30
19:30-20:30
20:30-23:30
23:30
24:00

Reveille
Breakfast Formation (mandatory)
Class (55 minutes per class) or study time
Lunch
Commandant/Dean Time
Class or study
Intramural, club or intercollegiate athletics; parades;
extracurricular activities; or free time
Supper (optional except Thursdays)
Cadet Duties
Study conditions/Extracurricular activities
Study time
Taps
Lights Out

METHODS
Participants
A stratified sample of 80 cadets of the USMA Class of 2007
(n~1300) was randomly selected to wear wrist activity monitors (WAMs) and complete activity logs. This sample was selected on the basis of sex, unit (company to which the cadet
was assigned), and athletic status (participation on either an
intramural or an intercollegiate athletic team). The Corps of
Cadets is comprised of approximately 85% males and 15%
females. In order to have a sufficient number of females in
the study for statistical purposes, females were over-sampled.
Therefore, the 80 cadets in the sample at the beginning of each
data collection period included 56 males (70%) and 24 females (30%). At the beginning of the study, all members of
the Class of 2007 ranged in age from 17 to 22; the age of the
sample of participants ranged from 18 to 23 (mean = 18.8 y,
SD = 0.89 y, median = 19 y). When participants were lost
from the study due to attrition, either from withdrawing from
USMA or withdrawing from the sleep study, replacements
were drawn from a pool of volunteers matched by sex, unit,
and athletic status.
Although menstrual cycle is known is to be associated with
lower reported sleep quality and increased sleep disturbances,40-43 this factor was not recorded during the study. Participants
were treated in accordance with ethical standards established by
the American Psychological Association. The research methods
used in this study were approved by the USMA Human Subjects Use Committee. All participants gave written informed
consent prior to participating in the study.

the Noncommissioned Officer and Warrant Officer Candidate
Schools at Fort Rucker, AL.39 These studies point to a strong
relationship between sleep and academic performance and are
aligned with findings of controlled laboratory studies.
We do not completely understand the natural history of sleep
in an individual. Few, if any, longitudinal studies observe sleep
patterns over the course of an individual’s life span. This study
seeks to fill a portion of this gap by studying sleep patterns over
a 4-year period in late adolescence and young adulthood. The
conditions at USMA provide a natural laboratory to examine
restricted sleep patterns in adolescents and young adults. The
present study has 2 goals: (1) determine the key factors associated with Cadet sleep patterns at USMA; (2) evaluate whether
and to what extent Cadets attending USMA, who are military
and college-age students, are chronically sleep deprived.
Typical USMA Cadet Schedule
Over the course of a week, the schedules of cadets attending USMA fall into 2 distinct categories: school days (Monday through Friday), and weekends (Saturday and Sunday). On
school days, USMA cadets follow a fairly rigid daily schedule.
The Academy’s senior leadership modifies the daily schedule
from time to time based on feedback from the faculty, staff,
and cadets. During this study, cadets arose no later than 06:30
(reveille) in order to attend a mandatory morning formation at
06:55. A mandatory “midnight lights out” policy was put in
place at the beginning of the second year of the study. However,
the researchers were aware of both authorized and unauthorized deviations from these policies. For example, cadets were
authorized to leave their rooms no earlier than 05:15 to participate in individual or team athletic training prior to the morning
formation. Several cadets reported staying up past the midnight
“lights out” in order to complete their homework or their military duties. Therefore, even though the schedule afforded 6.5 h
of protected sleep time, in practice, many cadets received much
less sleep, either because they woke up prior to 06:30, went to
sleep past midnight, or both. Table 1 shows a typical USMA
cadet school day schedule.
The mandatory midnight lights out policy was instituted at
the beginning of fall 2004 and continued through spring 2007.
Saturday and Sunday mornings provided the only opportunities
SLEEP, Vol. 33, No. 12, 2010

Equipment
Estimates of cadet sleep were obtained using wrist activity monitors (WAMs) (Actigraph Model AW-64; Mini Mitter
Respironics, Inc.) Actigraphy has been used extensively as a
method for the objective assessment of sleep,44,45 although some
constraints do exist on its acceptability.46,47 Actigraphic recordings followed the recommendations of Standards of Practice Committee of the American Academy of Sleep Medicine
(2002). Actigraphic epoch length was 60 sec. Participants were
instructed to wear the WAMs on the non-dominant hand at all
times of the day and night during the study period. Cadets filled
out a paper and pencil activity log to indicate their activities
during the study. This log divided each day into 15-m increments and was tailored to the specific activities of the military
lifestyle at USMA.
Analysis of the actigraphic recordings was conducted using Actiware Version 5.01.0007 software with the following
parameters: Epoch Length = 1 minute, Wake Threshold Selection = Medium, Sleep Interval Detection Algorithm = Immobile
Minutes, Immobile Minutes for Sleep Onset = 10, Immobile
Minutes for Sleep End = 10. The software facilitated the calculation of sleep episode duration. Statistical analysis was
conducted with Microsoft Excel and JMP Release 7.0 from the
SAS Institute.
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Procedure
A stratified random sample of the students in the Class of 2007
(approximately 80 participants) was selected to wear WAMs
concurrently for approximately 30 days during 4 fall academic
semesters (2003 to 2006), and again during 4 spring academic
semesters (2004 to 2007). In order to have equivalent fall and
spring data collection, these periods were always situated between mid-October and early December, and from the beginning
of March to early May. Each of the 8 data-collection periods included about 4 contiguous weeks of normal academic activities
with no holiday or examination periods. Cadets were asked to fill
out a daily activity log when they wore the wrist activity monitors. On these logs, participants indicated their work and rest activities, especially those periods when they slept or napped.
As much as possible, the same 80 cadets were studied through
each of the eight 30-day data collection periods. Cadets lost to the
study, either through attrition from the Academy or by choosing
to drop out of the study, were replaced by cadets in the same year
group. They were also matched by sex and athletic status. Sleep
estimates (sleep episode duration, and bedtime/wakeup time)
were derived from the actigraphic recordings in conjunction with
event markers (when used), and were verified by the self-reported activity logs. After determining the bed and wakeup times, the
Actiware software was used to calculate sleep duration.
Sleep estimates based only on self-report (i.e., sleep estimates
from activity logs without actigraphy data) were excluded from
the analysis to avoid systematic errors.48 However, sleep estimates when only actigraphy was available were included. Because cadets have a rigid and tightly controlled daily schedule,
assessing nightly sleep episodes was straightforward. The assessment of naps was not as simple, however. The cadet daily
schedule includes class attendance and study time during which
activity is decreased. In the absence of sleep logs, these periods of low activity could erroneously be scored as naps. During
the academic year (AY) 2004 (i.e., fall 2003 and spring 2004),
cadets did not fill out the activity logs consistently; thus, sleep
logs were not used for analysis of sleep during AY 2004 and nap
analysis was not conducted for AY 2004. The study protocol was
approved in advance by both the Naval Postgraduate School and
USMA Institutional Review Boards. Each participant provided
written informed consent before enrolling in the study.

Table 2—Participating cadets with actigraphy data
Semester
Participants Males Females
Fall 2003 (AY 2004-1)
73
51 (70%) 22 (30%)
Spring 2004 (AY 2004-2)
75
52 (69%) 23 (31%)
Fall 2004 (AY 2005-1)
74
53 (72%) 21 (28%)
Spring 2005 (AY 2005-2)
69
50 (73%) 19 (28%)
Fall 2005 (AY 2006-1)
72
51 (71%) 21 (29%)
Spring 2006 (AY 2006-2)
55
35 (64%) 20 (36%)
Fall 2006 (AY 2007-1)
69
49 (71%) 20 (29%)
Spring 2007 (AY 2007-2)
56
40 (71%) 16 (29%)

RESULTS
Table 2 shows the number of cadets whose sleep was used
for analysis by semester and year. The table also indicates the
numbers and percentages of males and females and the attrition rate for each semester. There were 2 major causes of data
loss: equipment failure and cadet attrition. In a few cases each
semester, actigraphy data were lost due to mechanical failures
of the WAMs. In addition, each semester, a small percentage of
cadets chose to withdraw from the study (either to leave USMA
or for other reasons). The highest cadet attrition rate occurred
in the fall semester of 2005. This time point coincided with a
major decision point in a cadet’s education; at that point, cadets
had to leave or make a final commitment to remain at USMA.
If cadets decided to remain at the academy, they incurred an
obligation of 5 years of military service upon graduation. The
attrition rate in Table 2 refers to the aggregated percentage of
cadets who withdrew from the study for that specific semester,
whatever the reason. To fill in for those cadets lost to attrition
the previous semester, we recruited additional members from
the Class of 2007, matching by sex and athletic status, to ensure
that there were 80 study participants enrolled at all times.
Over the entire 4-year data collection period, 13,645 days of
activity and rest were examined. This number included 17,285
individual sleep episodes, comprising both nighttime sleep and
daytime naps. Each of the 8 data collection periods was approximately 30 contiguous days in length. In order to calculate
daily sleep (that is, the amount of sleep obtained in a 24-h period), naps taken during the day had to be combined with the
night’s sleep either before or after the nap. That is, a nap taken
during the day on Friday could have been added to the previous Thursday night’s sleep episode or to the sleep episode on
Friday night. Daily sleep (that is, the amount of sleep obtained
in a 24-h period) was calculated by combining any nap taken
during the day with the prior night’s sleep. For AY 2005, 2006,
and 2007, the average daily (24 h) sleep was 5 h 46 m (SD = 1
hr 28 m, median = 5 h 33 m). Napping data were not recorded
for AY 2004; therefore, daily sleep could not be estimated. Over
all 4 years of this study, average bedtime, wake time, and actual
nighttime sleep are shown in Table 3.
Figure 1 shows the distribution of nighttime sleep across all
participants for the entire 4-year period.
Figure 2 shows the 24-h daily sleep (nighttime sleep plus
daytime naps) for the final 3 years at USMA. Daily sleep for the
first year at USMA (AY 2004) is not included because cadets
did not fill out activity logs for that year.

Analytical Approach
The analytical approach was designed to assess the amount
of sleep received by Cadets at USMA and to determine if this
quantity was related to a number of independent variables: academic year (2003-2007), semester (first through eighth), season
(fall or spring), day category (school day or weekend), week
day (Sunday through Saturday), and sex (male or female). The
main dependent variables examined were nighttime sleep (that
is, the major nightly sleep episode) and daily sleep (24-h total).
Actigraphic recordings were used to determine bedtime, wakeup time, and sleep episode duration. These data were entered
into a Microsoft Excel spreadsheet. Statistical analysis was
conducted with Excel and JMP Release 7.0. When needed, data
normality was assessed with the Shapiro-Wilk W test. Analysis of variance, effect size calculation, and nonparametric tests
were used when appropriate to assess the study responses. Statistical significance was indicated for 2-tailed P values < 0.05.
SLEEP, Vol. 33, No. 12, 2010
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Analysis of variance and effect size analysis showed that
sleep time (either nighttime or daily sleep) was associated with
academic year, semester, season (fall or spring), sex, weekday/
Parameter
School night Weekend night Combined
weekend category (that is, school day or weekend), and day of
Bedtime
00:25
01:11
00:35
the week. Table 4 shows the significance level of these findSD = 1 h 06 m SD = 1 h 42 m SD = 1 h 18 m
ings. (See text and subsequent tables and figures for direction
Wakeup time
06:18
08:35
06:43
of these parameter effects.)
SD = 51 m
SD = 2 h 12 m SD = 1 h 40 m
Many of the cadets napped; quite possibly, this napping
Actual nighttime
5 h 03 m
6 h 29 m
5 h 24 m
was a strategy to compensate for the chronic sleep deprivation
sleep
SD = 1 h 02 m SD = 1 h 51 m SD = 1 h 25 m
they experienced. Over one-quarter (26.2%) of all cadet-days
(n = 2541) included at least one nap episode. The overall effect of napping on daily sleep of all participants (the average
increase from nighttime to daily sleep) was 4.4% or 17.3 m
21.0
(SD = 9.3% or SD = 39.2 m). For only those cadet-days which
17.3
15.7
included nap episodes, the effect of napping on daily sleep increased by 16.8% or 66.1 m (SD = 11.1%, median = 14.1% or
10.6
8.1
SD = 51.4 m, median = 50.0 m). The average daily sleep (per
5.7
4.7
cadet by semester) increased annually by 12 and 19 m across
3.1
2.9
2.5
1.7 1.5 1.0
1.6
the last 3 years at USMA (F2,230 = 17.9911, P < 0.0001). Cadets
0.7 0.3 0.2 0.1 0.1
0.0 0.1 0.2 0.3 0.6
obtained the least daily sleep (AY 2004 excluded) during their
2
0
1
3
4
5
6
7
8
9
10
11
12
second year at the USMA (5.56 h), while receiving the most
Night Sleep (h)
daily sleep during the fourth year (6.07 h). As seen in Figure 3,
Figure 1—Distribution of nighttime sleep duration (for all participants
this increase in daily sleep across years was significant for both
over all four years, AY 2004-2007).
male and female cadets (P < 0.0001) for each year of the study.
Figure 4 illustrates the change in nighttime sleep by academic year and sex. Nighttime sleep increased consistently over the
19.1
first 3 years, but there was a significant decrease in nighttime
16.8
sleep during the fourth year (F3,310 = 9.8522, P < 0.0001), cor14.1
responding to the increased demands and responsibilities faced
11.0
by cadets in their final year at USMA. Figure 4 shows that this
7.5
7.4
5.2
annual pattern was consistent for both male and female cadets.
4.1
3.8
2.3 2.1
Figure 5 shows the average daily (24-h) and nighttime sleep
1.9
1.3
1.0
0.8
0.5 0.2 0.1 0.1
0.0 0.1 0.1 0.1 0.3
by academic year. Cadets employed napping strategies during
0
1
2
3
4
5
6
7
8
9
10
11
12
the day quite possibly to supplement their nighttime sleep durDaily Sleep (h)
ing the last 3 years. They received the least nighttime sleep durFigure 2—Distribution of daily sleep duration (all participants for AY 2005,
ing their first year at the Academy, then received significantly
2006, and 2007).
more in the 2 subsequent years, with nighttime sleep amount
dropping again in their final year. This drop in nighttime sleep
probably is caused by additional duties and responsibilities during the final year and is compensated, to some
Table 4—Significant predictors of nighttime and daily sleep duration (based on
extent, by an increase in daytime napping.
Table 3—Average bedtime, wakeup time and actual nighttime sleep per
day category (school or weekend night)

average sleep amount per cadet)

Nighttime Sleep
All AY
Parameter
Academic
year
Semester

Daily Sleep
AY 2005, 2006, 2007

Test statistic/
Effect size
Test statistic/ Effect size
P-value
Cohen’s d or f2
P-value Cohen’s d or f2
2
F3,310 = 9.85
f = 0.08
F2,230 = 17.9
f2 = 0.16
P < 0.0001
P < 0.0001
F7,533 = 7.46
P < 0.0001

f2 = 0.10

F5,387 = 11.74
P < 0.0001

f2 = 0.15

1-sided t = 1.749
P = 0.0409
F1,95 = 10.21
P = 0.0019

d = 0.26

F1,176 = 6.07
P = 0.0147
F1,95 = 11.36
P = 0.0011

d = 0.37

Day
category

F1,192 = 263.9
P < 0.0001

d = 2.33

F1,183 = 207.7
P < 0.0001

d = 2.12

Week day

F6,670 = 128.6
P < 0.0001

f2 = 1.15

F6,634 = 93.4
P < 0.0001

f2 = 0.88

Season
Sex
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Seasonal Trends
The next step in the analysis was to investigate nighttime and daily sleep patterns by semester. Figure 6 shows
an obvious zigzag pattern between sleep in the spring and
fall semesters. This pattern is evident for both daily (solid
line) and nighttime (dashed line) sleep. With the single
exception of the first semester, cadets slept significantly
less in the spring than in fall semester. Again, daily sleep
for AY 2004 is excluded from the analysis since cadets
did not report their napping in the first year of the study.
As shown in Table 5, the seasonal difference in sleep
quantity also resulted in differences in bedtime and wakeup time. There were significant differences for all categories except for bedtime on school nights. These results are
based on AY 2005, 2006, and 2007 only. After AY 2004, the
administrative leadership at USMA instituted a mandatory
lights out policy that promoted earlier bedtimes. It should
Sleep Patterns of US Military Academy Cadets—Miller et al

Mean sleep (h)

Mean Daily Sleep (h)

6.0

6.2
6.0
5.8
5.6
5.4
5.2
5.0

F

M

F

AY 2005

M

F

AY 2006

M

Mean sleep (h)

Mean Night Sleep (h)

5.6
5.4
5.2

5.4
5.2
5.0
AY

AY

AY

AY

-2

07

20

-1

07

20

-2

06

20

-1

06

20

-2

05

20

-2

-1

05

20

20

-1

be noted that the early morning mandatory breakfast formation requires cadets to wake up earlier than they would otherwise choose
and quite possibly, earlier than their civilian counterparts.
As can be seen in Table 6, this pattern of less sleep in the spring
semester was seen for both males and females (analysis based on
average sleep per cadet by semester for AY 2005 - 2007).
Consistent for both sexes, the decrease in sleep amount from
fall to spring semesters ranged from 12 to 15 m for nighttime
sleep (females: fall = 5.84 h, spring = 5.59 h; males: fall = 5.45
h, spring = 5.25 h), and from 14 to 18 m for daily sleep (females:
fall = 6.17 h, spring = 5.87 h; males: fall = 5.75 h, spring = 5.52
h). In this study population, male cadets got consistently less
sleep than their female counterparts. This difference was approximately 21 m for nighttime sleep and 23 m for daily sleep
amount. The seasonal effect by sex is shown in Figure 7.
Analysis of variance of cadets’ sleep patterns showed that
there was a significant difference in the amount of sleep on
school nights compared to weekend nights. For both nighttime
and daily sleep, cadets received significantly less sleep on
school nights compared to weekend nights. When averaging
over all semesters, this difference was approximately 1.4 h, as
seen in Figure 8. That is, cadets received 27% more sleep on
weekend nights than on school nights.
When analyzing sleep on a day-to-day basis, there are
clearly 2 distinct categories: schooldays (Monday to Friday)
and weekends. As already shown, cadets received significantly
more sleep on the 2 weekend nights. Sleep on school nights
is fairly homogeneous due to the inflexibility of the USMA
schedule. Saturday and Sunday sleep patterns are significantly
different from each other, however (nighttime sleep for all AY:
F1,3237 = 162.7313, P < 0.0001, Cohen’s d = 0.45; daily sleep
for AY 2005, 2006, and 2007: F1,2228 = 94.7078, P < 0.0001,
Cohen’s d = 0.41). In general, cadets received more daily sleep
on Sunday (i.e., sleep on Saturday nights plus Sunday naps)

04

AY 2007

AY

M

04

AY 2006

F

AY 2007

5.6

AY

M

AY 2006

5.8

Figure 4—Nighttime sleep by sex (F,M) and academic year (AY).
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AY 2005

6.2
6.0

20

AY 2005

F

AY 2004

AY

M

5.0

AY

AY 2004

F

5.2

Figure 5—Average nighttime and daily sleep by academic year (AY). The
dotted line shows the average sleep during the night, while the solid line
is the average level of daily (24 h) sleep.

5.8

M

5.4

AY 2007

6.0

F

5.6

Academic year

Figure 3—Daily sleep by sex (F,M) and academic year (AY) for AY 2005,
2006 and 2007.

5.0

5.8

Semester

Figure 6—Nighttime and daily sleep by semester. The dashed line shows
the average sleep during the night, while the solid line is the average level
of daily (24 h) sleep.

Table 5—Seasonal effect on bedtimes and wake-up times for school nights
and weekend nights for Academic Years 2005, 2006, and 2007
Time
Fall Spring Test statistic P-value Effect size
School nights
(Cohen’s d)
Bed time
00:23 00:21 F1,7508 = 1.26
0.2625
0.03
Wake-up
06:16 06:13 F1,7508 = 6.21
0.0127
0.05
Weekend nights
Bed time
01:17 00:53 F1,2242 = 30.81 < 0.0001
0.24
Wake-up
08:56 08:16 F1,2242 = 53.36 < 0.0001
0.31

Table 6—The effect of season on nighttime and daily sleep by sex for
Academic Years 2005, 2006, and 2007
Sex
Males
Females

Time
Test statistic
Nighttime Sleep F1,284 = 9.16
Daily sleep
F1,284 = 3.88

P-value
0.0027
0.0017

Effect size
(Cohen’s d)
0.36
0.38

Nighttime Sleep
Daily sleep

0.0076
0.0057

0.53
0.54

F1,105 = 7.41
F1,105 = 7.97

than on Saturday (i.e., sleep on Friday night plus Saturday naps)
Δ = 0.81 h; daily sleep for AY 2005, 2006, and 2007: Δ = 0.74
h). The sex differences (all P < 0.001) are illustrated in Figure 9.
Sex Differences
We examined the amount of sleep received by individual cadets using average daily sleep amounts (i.e., sleep received in
1627
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a 24-h period). Average daily sleep per participant during AY
2005, 2006, and 2007 ranged from 4.39 h to 7.35 h. Sex played
a significant role in determining sleep amount (F1,91 = 11.7235,
P = 0.0009, Cohen’s d = 0.84), with male cadets receiving an
average of 5.68 h daily sleep, whereas female cadets received
6.04 h. Furthermore, males, as compared to females, had more
variability in daily sleep as shown in Table 7.
The distribution of sleep for males and females is illustrated
in Figures 10 and 11.
As already noted, cadets slept significantly more on weekends. The average increase of daily sleep per participant was

1.31 h (SD = 1.07 h), or 25.0% (SD = 21.8%). The increase in
daily sleep on weekends was related to daily sleep on school
nights. That is, those cadets who slept less during the week
probably attempted to compensate for their accumulated sleep
debt by sleeping more on weekends. This effect was more pronounced for male cadets. These results are shown in Table 8
(one outlier deleted).

6.2
6.0
5.6
5.4
5.2

Nighttime Sleep (h)

Mean Daily Sleep (h)

5.8

6.2
6.0
5.8
5.6
5.4
5.2
F

M

F

M

Fall

Spring

6.8
6.6
6.4
6.2
6.0
5.8
5.6
5.4
5.2
5.0
4.8

Daily Sleep (h)

DISCUSSION
This study assessed cadet sleep patterns at USMA, and evaluated whether, and to what extent, these military, college-age
students are chronically sleep deprived. Our results show that
sleep of cadets at USMA is associated with academic year, semester, season, sex, day category (school day or weekend), and
day of the week.
The major conclusion from this longitudinal study is that cadets experience significant and chronic sleep deprivation dur-
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Figure 8—Difference between nighttime and daily sleep for school and
weekend nights. Nighttime sleep is based on AY 2004-2007; Daily sleep
is based on AY 2005, 2006, and 2007.

Figure 7—Difference in sleep amount for females (F) and males (M).
Nighttime and daily sleep are based on AY 2005, 2006, and 2007.
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Figure 9—Sex differences in daily sleep by season and day of the week (AY 2005, 2006, and 2007).
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ing their four years of study at USMA. Given that the
Table 7—Average daily sleep variability by sex (in hours for AY 2005, 2006, and 2007)
physiologically recommended requirement for sleep in
10%
25%
75%
90%
adolescents and young adults is 8.5 to 9.25 h,49 the caSex
Min
quantile
quantile
Median
quantile
quantile
Max
det sleep debt is considerable, averaging over 3 hours
Females
5.37
5.49
5.74
6.11
6.34
6.53
6.91
per day for each day they attend USMA. Upon graduMale
4.39
5.20
5.38
5.61
6.01
6.19
7.35
ation, cadets have accumulated a sleep debt of thousands of hours per individual cadet. Although there are
large individual differences in vulnerability to sleep
deprivation,50 there is no question that this entire population
Table 8—Difference in daily sleep between school nights and weekends
is sleep deprived. Even on weekends, when cadets sleep more
by sex
than on schoolnights, these students consistently receive much
Difference in
Correlation
less sleep than is recommended for their (or any) age group. On
Sex
Daily Sleep
Test statistic/P-value
r
average, cadets receive 5 h 3 m of sleep at night and only 5 h 27
Males
Abs
F1,260 = 37.6, P < 0.0001
-0.36
m (median = 5 h 23 m) for daily (24 h) sleep on schooldays, sig%
F1,260 = 69.5, P < 0.0001
-0.46
nificantly less than the 7 h 4 m of average night sleep reported
Females
Abs
F1,98 = 3.56, P = 0.0623
-0.19
in the Wolfson and Carskadon (1998) survey of sleep in 19 year
25
15,19,51
olds or other related studies.
%
F1,98 = 10.2, P = 0.0019
-0.31
Most of the differences in sleep reported in this study are
less than 30 minutes in duration; however, in this constrained
36.8
environment for these chronically sleep-deprived cadets, 30 mi35.3
nutes represents a substantial discrepancy. A striking finding is
that participants in the USMA study receive on average only 1
20.6
h 24 m of “catch-up” sleep on weekends, whereas other studies
with college students report increased sleep during weekends51
or an additional 2 hours on weekends.19,25 The cadets at USMA
2.9
1.5
1.5
1.5
are not only more sleep deprived than their civilian peers, but
4
4.5
5
5.5
6
6.5
7
7.5
they also obtain less catch-up sleep than is needed during weekDaily
Sleep
(h)
ends to compensate for their accumulated sleep debt. The potentially negative effects of this sleep restriction include risks to
Figure 10—Average daily sleep for male participants (AY 2005, 2006,
both academic performance and health.27,28,52,53 The increase in
and 2007).
daily sleep on weekends compared to school nights was more
pronounced in those cadets who slept less during the week. This
44.0
finding indicated that the greater the sleep debt accumulated du40.0
ring week days, the more pronounced the cadets’ need to compensate for the lost sleep on weekends.
A further concern resulting from this study is the future behavior of these military cadets. As part of their collegiate ex8.0
8.0
perience, they have been forced to practice poor sleep hygiene
0.0
0.0
0.0
which could quite possibly result in lifelong habits that could
4
4.5
5
5.5
6
6.5
7
7.5
follow them into their military careers. This possibility is espeDaily
Sleep
(h)
cially worrisome in light of the potential for degraded decision
making and impaired judgment by these cadets once they leave
Figure 11—Average daily sleep for female participants (AY 2005, 2006,
the academy and begin active duty military service. Harrison
and 2007).
and Horne reviewed the impact of sleep deprivation on various
cognitive activities, including decision making.54 While many
studies focus on the effects of sleep deprivation on simple and
deprived decision makers who require these latter skills during
monotonous task performance, realistic tasks such as high-level
emergency situations.”54 Recent studies have also linked sleep
decision making are commonly experienced by managers and
deprivation and changes in the activity of the PFC, strengthenmilitary leaders who work extended hours during times of criing this argument.
ses. In their review, they suggest that sleep deprivation may not
Our analysis shows two distinct patterns in USMA cadet
affect complex rule-based logical task performance—perhaps
sleep: an annual pattern with cadets getting progressively more
due to the heightened interest and compensatory efforts by parsleep with each year, and a seasonal pattern with less sleep in
ticipants. However, they conclude that sleep deprivation does
spring than in fall semesters. During the last year at USMA, caaffect decisions that involve creative solutions, dynamic replandets received more daily sleep than during their previous years.
ning, managing competing demands, and complex communicaHowever, in this final year, they got less sleep at night but took
tion—all critical macro-cognitive activities inherent in military
more naps during the day, probably attempting to compensate,
environments. Harrison and Horne discuss the critical role of
resulting in an overall increase in daily sleep. The study shows
the prefrontal cortex (PFC) in tasks of this nature and suggest
that the closer cadets get to graduation, the more sleep they
that sleep deprivation “presents particular difficulties for sleepobtain. However, in general, discretionary time also increased
SLEEP, Vol. 33, No. 12, 2010
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with seniority, raising the question about whether the increase
in sleep is situational or developmental. We are not able to distinguish between these two potential causes. Nevertheless, the
rigid daily schedule at USMA, combined with the significant
effect of cadet seniority in daily activities, provide evidence
that this increase in sleep can reasonably be situational.
As has been reported in this paper, cadets received more
nighttime sleep in fall 2004 than fall 2003. There are at least
three factors that contributed to this increase. First, there was
a mandatory lights out policy for the Corps of Cadets that
was implemented in fall 2004. After data from the first year
of the longitudinal study were analyzed, the authors presented
the results to the Academy’s senior leadership (spring 2004).
Subsequent discussions considered various courses of action
to increase the amount of sleep cadets received. The Superintendent decided to reinstate a mandatory lights out policy at the
beginning of the fall 2004 semester. While this decision was
less than ideal in the middle of a longitudinal study, the authors
had no control over this change in schedule. Second, freshman
cadets often have duties they must carry prior to breakfast.
These duties require them to awaken early. When they become
sophomore cadets they are no longer required to perform these
duties. Third, the general trend at the Academy is that, as cadets progress from freshmen to seniors, they have more discretionary time, as well as more privileges and responsibilities.
Cadets may use at least some of their increased discretionary
time to get more sleep.
In line with other findings, we found seasonal differences
in the sleep patterns of cadets. Other researchers have reported
seasonal differences in sleep with individuals getting significantly more sleep in fall and winter than in spring and summer.55,56 This same pattern is evident in the USMA cadets with
one notable exception. In their first semester (fall of 2003)
cadets got less sleep than in the spring semester. We attribute
this anomalous finding to the fact that cadets had just arrived at
USMA and were experiencing the stress that often accompanies
indoctrination into military education and training regimens.
Our study also found significant sex differences in sleep patterns. Males sleep less than females in every condition, whether
fall or spring, day of the week, weekend, or school night. One
possible explanation for this finding may be social differences
between males and females57 or differences in the amount of
sleep needed based on the sleep/wake circadian cycle.58 We did
not control for menstrual cycle, since this was not the focus of
the current study. However, since we collected approximately
one month of data for each of the eight semesters of the study, it
is certain that menstrual cycles are represented in the variability
of the data. Any menstrual cycle effect would be expected to
decrease female cadets’ sleep, therefore reducing the difference
in sleep found in females as compared to male cadets. Still another possible explanation for the sex differences we observed
may be differences in circadian chronotype. Supporting this
idea, a recent study by Adan and Natale conducted in a large
university population that showed significant differences in circadian typology between males and females (P < 0.0001), with
the males presenting a more pronounced evening preference.59
The generalizability of these findings to the rest of the population is limited for a number of reasons. The specific attributes
of the military academic environment with its highly structured
SLEEP, Vol. 33, No. 12, 2010

schedule are in clear contradiction to the latitude found in the
daily schedule of typical college life. There is much less variability in the cadet sleep patterns than those of a typical college student because of the rigidity of the cadet daily schedule.
In addition, the corps of cadets represents a highly selected
population and may not be representative of the general population or of college-age students elsewhere. The participants
who chose to remain in the study (and to remain at USMA)
represent a self-selected population, in that they may be better
able to tolerate sleep deprivation than the general college student population. Finally, the attrition rates (i.e., attrition from
the Academy or from the study) are explained by the fact that
this is a longitudinal study spanning eight one-month data collection periods over four years. Even though the replacement
cadets were demographically matched with those choosing to
withdraw, the drop-out rate is always an issue of concern in
longitudinal studies.
These findings are part of a larger study conducted at USMA,
and are focused on the sleep patterns of the cadets. Subsequent
articles will address napping patterns, patterns of attrition, and
the effect of chronotype and personality traits on academic
performance in USMA. This study is the first step towards a
validated quantification of sleep patterns in military educational
institutions. In light of the enormous challenges facing these
military cadets upon graduation, the poor sleep hygiene that
they have practiced during their four years in school fosters extremely bad habits that may carry over to the workplace. Our
findings clearly demonstrate the significant sleep deprivation
experienced by cadets, with all the negative consequences that
this result implies.
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