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Objective: The aim of this study was to assess effec-
tiveness of an alternative, 24-hr-on/72-hr-off watchstanding
schedule on sleep and morale of personnel assigned to the
President’s Emergency Operations Center (PEOC).

Background: As part of the White House Military Office,
PEOC personnel historically worked a [2-hr “Panama” watch
schedule. Personnel reported experiencing chronic insufficient
and disrupted sleep patterns and sought advice for improving
their watchstanding schedule.

Method: Participants (N = |4 active-duty military mem-
bers, ages 29 to 42 years) completed the Profile of Mood State
(POMS) three times: before, during, and after switching to the
alternative schedule with 5-hr sleep periods built into their
workday. Participants completed a poststudy questionnaire to
assess individual schedule preferences. Sleep was measured
actigraphically, supplemented by activity logs.

Results: As indicated by POMS scores, mood improved
significantly on the new schedule. Although average total sleep
amount did not change substantively, the timing of sleep was
more consistent on the new schedule, resulting in better sleep
hygiene. PEOC personnel overwhelmingly preferred the new
schedule, reporting not only that they felt more rested but
that the new schedule was more conducive to the demands
of family life.

Conclusions: Demands of family life and time spent com-
muting were found to be critical factors for acceptance of the
alternative schedule. This new schedule will be most effective
if personnel adhere to the scheduled rest periods assigned
during their 24-hr duty.

Application: A successful schedule should avoid conflicts
between social life and operational demands. Results may lead
to changes in the work schedules of other departments with
similar 24/7 responsibilities.
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INTRODUCTION

Although an integral part of modern society,
shift work is an abnormal activity for humans.
Human physiological processes are dictated
by the circadian clock such that sleep and its
associated functions occur primarily at night,
whereas wakefulness is promoted during the
biological day (Dijk & Czeisler, 1995; Dijk &
Edgar, 1999; Drake & Wright, 2011). Shift work
impacts normal physiological functions and
performance through circadian desynchrony,
that is, the disruption of naturally occurring,
internal circadian rhythms (Colquhon, Blake, &
Edwards, 1969a) and disturbances in the sleep/
wakefulness cycle (Akerstedt, 2003). Adapta-
tion of circadian diurnal rhythms to nocturnal
rhythms may take at least a week (Monk, 1986),
although some researchers have reported this
adjustment taking 12 or more days (Colquhon,
Blake, & Edwards, 1969b; Hockey, 1983).

Shift work is associated with chronic and acute
sleep deprivation, fragmented sleep episodes, and
elevated levels of fatigue (Arendt, Middleton,
Williams, Francis, & Luke, 2006). Shifts greater
than 12 hr in length have been shown to have a
negative effect on the sleep afforded to shift work-
ers, leading to increased sleepiness (Akerstedt &
Wright, 2009; Sallinen & Kecklund, 2010). As a
result of excessive sleepiness, shift work can lead
to vigilance impairments that are equivalent to
performance of individuals at 0.04% to 0.05%
blood alcohol concentration (Arnedt, Owens,
Crouch, Stahl, & Carskadon, 2005). In addition,
shift work has been associated with significant
challenges for maintaining a healthy work-life
balance (Albertsen, Rafnsdéttir,  Grimsmo,
Tomasson, & Kauppinen, 2008).

Research findings also suggest that shift work is
associated with the development of specific health
problems. For example, shift work is associated
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with increased incidence of obesity, gastrointesti-
nal disorders, cardiovascular heart disease, com-
promised pregnancy outcome, breast cancer, pros-
tate cancer, metabolic syndrome, and diabetes
(Drake & Wright, 2011; Folkard & Tucker, 2003;
Harrington, 2001; Knutsson, 2003; Wang, Arm-
strong, Cairns, Key, & Travis, 2011). Of particular
note, the International Agency for Research on
Cancer has recently classified “shift work that
involves circadian disruption™ as a probable human
carcinogen (Stevens et al., 2011).

Given these negative outcomes, it is alarming
to see that rates of shift work are increasing world-
wide. According to the International Labour Orga-
nization, more than two and a half billion people
are officially recognized as shift workers (IARC
Monographs Working Group on the Evaluation of
Carcinogenic Risks to Humans, 2010). Shift work
is common in the European Union (EU), involv-
ing around 17% of the total work population.
However, there are large variations in the percent-
age of shift workers among EU member states,
with rates of shift work ranging from 6.4% to 30%
of the total workforce.

The U.S. Bureau of Labor Statistics (BLS)
collects data on the prevalence of shift work in
the U.S. population. In 2005, BLS reported that
for calendar year 2004, almost 15% of full-time
salaried personnel were shift workers (IARC
Monographs Working Group on the Evaluation
of Carcinogenic Risks to Humans, 2010). They
also found that rates of shift work varied accord-
ing to gender (more common for males than for
females) and age (more common in younger
workers than older workers) and is most com-
mon in service industry workers (32% overall).
The prevalence of shift work in the protective
service industry (which includes police, fire-
fighters, and security guards) was 50.4%, fol-
lowed by the food preparation and serving
industry at 49.4%. Shift work is pervasive in
military populations, which, when deployed,
operate 24/7, often without weekends or holi-
days for rest and recovery.

Problem Statement and Study
Objective

The President’s Emergency Operations Center
(PEOC) serves as the primary command-and-
control center for the White House Military Office
(WHMO). The WHMO ensures uninterrupted

functioning of the presidency of the United States
by providing operational control of Department
of Defense resources and by integrating its efforts
with those of other support entities. The PEOC
provides situation awareness to the director of
WHMO, the military aides to the president and
vice president, and is also responsible for devel-
oping, implementing, and maintaining presiden-
tial and vice presidential operational plans. The
nature of its work requires that the PEOC be
staffed continuously. PEOC watchstanders exe-
cute emergency procedures, as well as activate,
direct, and continuously monitor critical strategic
assets that support the president and vice presi-
dent of the United States. PEOC personnel must
be ready to respond immediately to complex and
critically important events.

The PEOC recently conducted an organiza-
tional research effort under the supervision of
the Naval Postgraduate School (NPS) to assess
an alternative watchstanding schedule that
sought to address chronic insufficient sleep pat-
terns experienced by their personnel. Anecdotal
reports indicated that personnel assigned to
work in the PEOC were not adapting to the cir-
cadian challenges posed by the “Panama” sched-
ule to which they had been assigned for several
months (the Panama schedule is described later).
Their schedules were further complicated by
lengthy commutes to and from the worksite to
their homes, adding hours to their workday.
Working the night shift was especially taxing for
PEOC personnel, who reported increased levels
of fatigue and problems getting adequate sleep.

The aim for this study was to monitor the
sleep patterns of military shift workers over a
period of 2 months following the implementa-
tion of the new schedule in order to determine if
there was an improvement in the work schedule
and quality of life. The implications of this study
are far-reaching and could potentially result in a
widescale revamping of the scheduling frame-
work for military shift workers for the entire
WHMO. The schedule may also be appropriate
for consideration by other round-the-clock pro-
fessions, such as firefighters, who live and work
in communities in which commuting time plays
a major role. From a human factors and macro-
ergonomic perspective, altering the timing of the
work and rest schedule in such a major way pro-
vides an innovative solution to addressing daily
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Figure 1. Two schedules used in the study: the Panama schedule and the revised 24/72 watchstanding schedule.

commute time and family demands. In addition,
many of the typical nighttime tasks could poten-
tially be shifted to 9-to-5 day workers, reducing
the burden on the night crew.

METHOD
Schedule Descriptions

Originally, the PEOC used a schedule known
as a Panama schedule, a slow rotating system of
four teams covering two 12-hr shifts each day
over a 28-day period (see Figure 1). Day shifts
started at approximately 0600 and ended at
approximately 1800; the night shift covered the
remaining 12 hr of the day. Teams worked either
day or night shifts for a 2-week period before
transitioning to the other shift. For example, fol-
lowing a 3-day weekend, one team would work
two consecutive 12-hr night shifts, followed by
2 consecutive days off duty, and three more con-
secutive 12-hr night shifts. After 2 more days
off, the team would again work two consecutive
night shifts before 3 days off and then transition-
ing to day shifts for the pattern to be repeated.
Complete 24-hr coverage was maintained by
the four-team arrangement shown in Figure 1.
A detailed description of the Panama schedule
and comparison with other shift schedules is
provided by Miller (2006).

The newly designed schedule has 24-hr shifts
starting around 0600 and ending the next day
around 0600. Personnel work one 24-hr shift
and then have 3 days off (24/72). Depending on
scheduling requirements and the need to balance
operational demands with personal requests, the
average time off can be more or less than 3 days.
For example, an individual may have 3 days off
before working a 24-hr shift, to be followed by

only 2 days off. Following this shorter 2-day off
period, the individual may then have 4 days off
following a 24-hr shift. When this model is
extended, it works out to an average of 3 days
off between shifts. While on shift, members are
allowed 5 hr of sleep per night as operational
requirements dictate. This period of scheduled
sleep takes place sometime between 1900 and
0500. Members rotate their sleep time through-
out the watch team so as to maintain the required
manning level.

Additionally, in order to have PEOC mem-
bers reengage with the wider WHMO mission,
training and administrative (T/A) days have
been added into the schedule as additional work-
days, which further reduces the average time off
between 24-hr shifts to less than 3 days. Each
team is required to support between two and
four T/A days per month. When it is imple-
mented, a typical T/A day includes 3 to 5 hr of
work, considerably less time than a regular
workday.

Figure 1, above, shows the coverage provided
by the two schedules. On the Panama schedule,
D denotes a 12-hr day shift, whereas N denotes a
12-hr night shift. As can be seen in the diagram
of the new schedule, each 24-hr work period is
followed by 48 to 72 hr off. Annually, the revised
schedule provides 65 weekend days off com-
pared to only 52 weekend days off on the origi-
nal Panama schedule.

Participants

Fourteen active-duty military members serv-
ing in the PEOC of the WHMO volunteered
to participate in the study (13 males, 1 female;
age 32.8 + 3.8 years; service 13.3 + 4.6 years).
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All teams from both the old and new schedules
were represented in the study sample. However,
participants were not able to rotate through all
sections of both schedules. Consequently, this
issue resulted in uneven cell sizes for the statis-
tical analysis.

Equipment

Actigraphic estimates of crew members’
sleep were obtained using the Philips Respiron-
ics Spectrum Actiwatch. Actigraphic data were
scored using Actiware software Version 6.0.0
(Phillips Respironics, Bend, OR). The medium
sensitivity threshold (40 counts per epoch) was
used with 10 immobile minutes the criterion for
sleep onset and sleep end (all values are set to
the default for this software). The combination
of Phillips Respironics Actiwatches and the
Actiware software has been validated against
polysomnographic results for detecting sleep/
wake patterns (Meltzer, Walsh, Traylor, & Wes-
tin, 2012; Rupp & Balkin, 2011).

Participants were instructed to wear the wrist
activity monitors (WAMSs) on their nondominant
hand at all times of the day and night during the
study period. They completed a daily activity
log to indicate their activities in 15-min incre-
ments, to include sleep and naps during the
study. Activities were classified in six catego-
ries: sleep (S), standing watch (W), commuting
(C), private time (P), meals (E), and working out
(PT).

To measure mood states and changes in
mood, participants filled out the Profile of Mood
States (POMS; McNair, Lorr, & Droppelman,
1971). The POMS is a standardized 65-item
inventory originally developed to assess mood
state in psychiatric populations. The question-
naire assesses the dimensions of the mood con-
struct using six subscales: Anger-Hostility (range
0 to 48, 12 items,), Confusion-Bewilderment
(range 0 to 28, 7 items), Depression (range 0 to
60, 15 items), Fatigue (range 0 to 28, 7 items),
Tension-Anxiety (range 0 to 36, 9 items), and
Vigor-Activity (range 0 to 32, 8 items). The total
mood disturbance (TMD) score ranges from 0 to
200 and is computed by adding together all the
subscales except Vigor, which is subtracted to
obtain the final TMD score. The POMS was
administered using the instruction, “Describe

how you felt during the past 2 weeks.” Positive
mood has been associated with better within-
team communication behaviors and enhanced
team awareness (Pfaff, 2012).

The posttest survey included the Epworth
Sleepiness Scale (ESS; Johns, 1991) and six
questions in which participants assessed and
compared the two schedules. Four questions
required a simple answer (“Do you feel better
rested?” “Do you feel more productive?” “Has
your quality of sleep, and life overall, improved?”
“Do you feel this change has been an improve-
ment?”), and two were open-ended (“Which
schedule do you prefer and why?” “Provide any
miscellaneous comments you might have
regarding the overall sleep study”).

The Fatigue Avoidance Scheduling Tool
(FAST), which is based on the Sleep and Fatigue
Task Effectiveness (SAFTE) model, was used to
estimate predicted effectiveness of the old and
the new shift schedules (Hursh et al., 2004). Pre-
dicted effectiveness is a measure of cognitive
performance, ranging from 100% (best) to 0%
(worst). According to the documentation pro-
vided with the FAST program, predicted effec-
tiveness between 100% and 90%, as noted in the
green zone on the FAST graph, is the expected
range of performance for an individual during a
normal daytime duty day following an 8-hr
period of excellent sleep at night. In the SAFTE
model, sleep regulation depends on sleep dura-
tion, hours of wakefulness, sleep debt, circadian
process, and sleep quality. Predicted effective-
ness is affected by the recent sleep history, the
circadian process, and sleep inertia (Hursh et al.,
2004).

In advance of the data collection, FAST was
used to assess the average predicted effective-
ness in the Panama and the new schedule.
Although the new 24/72 schedule was not ideal,
the FAST predicted that effectiveness derived
from the new schedule was considerably better
than the predicted effectiveness from the Pan-
ama schedule (90% vs. 83%).

Procedures

The study protocol was approved by the NPS
Institutional Review Board. The researchers ini-
tially gathered information from watchstanders
about problems in the old work schedule. That
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information was considered along with the work
demands of a shift, and a new work schedule
was proposed. These new schedules were vet-
ted with Steve Hursh and Lauren Waggoner
(personal communication, September 20, 2013).
Data collection occurred between December
2013 and February 2014 at the PEOC of the
WHMO. Participants had been working the
Panama schedule for several months before the
data collection commenced. During the first
phase of the study, from December 12 to 22,
participants were on the original Panama watch
schedule, working either day or night shifts for
2 weeks before rotating to the other shift condi-
tion. After December 23, all participants tran-
sitioned to the new watch schedule, in which
they have remained. After enrolling in the study,
participants completed a demographic question-
naire, including morningness—eveningness pref-
erence. Participants were issued Actiwatches
and were asked to fill out daily activity logs in
15-min increments to indicate how they spent
each day.

The POMS was completed three times: at the
beginning of participation, when participants
were on the original Panama schedule (approxi-
mately December 15); in the middle of the study,
when participants had been on the new schedule
for approximately 10 + 5.2 days; and at the end
of the data collection, when participants had
been on the new schedule for approximately 31
+ 7.8 days. After using the new schedule for
approximately two months, participants com-
pleted the posttest questionnaire.

Analytical Approach

All variables underwent descriptive statisti-
cal analysis to identify anomalous entries and
to calculate demographic characteristics. Acti-
graphic recordings were used to determine bed-
time, wakeup time, and sleep episode duration.
These data were entered into a Microsoft Excel
spreadsheet. Statistical analysis was conducted
with JMP statistical software (JMP Pro 10; SAS
Institute, Cary, NC). Average time in bed (TIB)
and sleep amounts were calculated from acti-
graphic data by day and participant. Sleep epi-
sode duration and bedtime/wakeup time were
derived from the actigraphic recordings and

were verified by the self-reported activity logs.
After verifying the bedtime and wakeup times,
Respironics Actiware software Version 6 was
used to calculate TIB and sleep duration.

Two individuals were excluded from the
sleep analysis because their actigraphic data
were missing. In addition, some participants
occasionally forgot to wear the actigraphs; these
off-wrist periods were imputed using the aver-
age of nonmissing rest intervals calculated for
each crew member. From the 787 rest intervals,
52 (6.6%) were imputed from the sleep logs.
The amount of rest and sleep for each day was
calculated from 0000 to 2359.

After assessing and rejecting the data for nor-
mality with the Shapiro-Wilk W test, compari-
sons were based on the nonparametric matched
pairs Wilcoxon rank sum test (JMP Statistics
and Graphics Guide, Release 7, 2007). An alpha
level of .05 was used to determine statistical sig-
nificance. For multiple comparisons, statistical
significance was assessed using the Benjamini-
Hochberg false discovery rate (BH-FDR) con-
trolling procedure (Benjamini & Hochberg,
1995).

RESULTS

Due to missing data for two individuals, sleep
analysis was based on 12 participants (11 males,
1 female), who were on average 31.9 + 2.8 years
old with 11.8 + 3.7 years of service. Over the
entire data collection period, participants slept
an average of 7.29 + 0.64 hr daily. We calcu-
lated each participant’s average amount of daily
sleep for periods when each participant was on
the morning shift of the original schedule, the
night shift of the original schedule, and the new
schedule. In all cases, the period included all
the days for the same shifts and its correspond-
ing days off. Pairwise comparisons showed that
when participants worked on the new schedule,
they slept more (7.20 + 0.64 hr daily) than when
they worked the morning shift of the original
schedule (6.91 + 0.58 hr; Wilcoxon signed rank
test, S = 9.5, p = .062) but somewhat less daily
sleep than when they worked the night shift of
the Panama schedule (7.37 £ 0.64 hr; S = 9.0,
p =.156). These results are shown in Figure 2.
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It should be noted that the timing of sleep var-
ied greatly during the days on duty. On the orig-
inal schedule, participants working the night
shift were not allowed to sleep while on duty.
Therefore, their sleep occurred only at home,
before going in for duty, or on the day following
duty. On the new schedule, participants were
deliberately scheduled to sleep during one of
two 5-hr periods while on 24-hr duty. All study
participants used these periods to sleep while on
24-hr duty, although compliance with this guid-
ance varied. While on the new duty schedule,
participants slept on average 87% of their duty
days (range 15% to 100%). During these rest
periods, they slept an average of 3.72 £ 1.04 hr
each day. The participant with the least sleep
while on duty (50 min) also had the poorest
compliance with scheduled rest periods.

To further evaluate how the two schedules
affect daily sleep, we classified the study days
into eight categories. For the Panama schedule,
we identified five distinct categories: days when
working morning shifts (n = 6 participants), days
when a night shift began (n = 7), days when the
night shift ended (n = 7), days between consecu-
tive night shifts (n = 3), and days off (n = 11). In
the new schedule, we identified three categories
of days: when a 24-hr shift began (n = 12 par-
ticipants), days when a 24-hr shift ended (n =
12), and days off (n = 12). Parentheses show the
number of participants experiencing the corre-
sponding category. Because of operational con-
straints, all participants did not experience the
entire cycle (28 days) of the old schedule during
the data collection period of this study. Pairwise

comparisons showed that participants slept more
during those days that the 12-hr night shift began
(8.10 £ 2.3 hr) than on days before the 24-hr shift
began (5.12 £ 1.1 hr; S= 13.0, p=.031). How-
ever, participants slept more during the days off
on the 24-hr schedule (8.56 £ 1.1 hr) compared to
the 12-hr schedule (7.42 = 1.1 hr; S= 30.0, p=
.005).

The differences in sleep between schedules
were further investigated by calculating the
average sleep time per 1-hr interval by day cat-
egory. For example, the average sleep time
between 0900 and 0959 for the three participants
who had consecutive 12-hr night shifts was 60
min; hence, all three participants slept during
this period. Results from this analytical process
are shown in Figures 3 through 7. The timing
of sleep during days with a 12-hr morning shift
and days with a 24-hr shift is shown in Figure
3. It is evident that strong similarities exist in
the timing of sleep events between the two
schedules. Figure 4 shows the timing of sleep
during days before 12-hr night shifts and before
24-hr shifts. There is a striking difference in the
timing of sleep events for the two schedules.
Sleep occurs primarily in the nighttime hours
when personnel are working 24-hr shifts. As
seen in the black vertical bars, little sleep
occurred between the hours of 0600 and 2000.
However, when working the night shift on the
original schedule, sleep, denoted by gray verti-
cal bars, is concentrated in the hours between
midnight and 1500.

Figure 5 shows the timing of sleep during the
days between 12-hr night shifts. The sleep pattern
in these days suggests that personnel attempted to
shift their circadian rhythms by 12 hr, undergoing
daytime sleep almost exclusively. Figure 6 shows
the timing of sleep during days following 12-hr
night shifts and 24-hr shifts. There is a bimodal
distribution of sleep following the sleep loss expe-
rienced following night shift work on both sched-
ules. Last, Figure 7 shows the timing of sleep dur-
ing days off on the 12-hr shift schedule and on the
24-hr shift schedule. For both schedules, sleep on
days off occurs predominantly during nighttime
hours, although this pattern is less evident on the
original 12-hr shift schedule.

Figures 3 through 7 show the following points
of interest. Although some of them are expected,
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Figure 4. Timing of sleep during days before 12-hr night shifts and before 24-hr shifts.

they provide insight into the sleep patterns in the
two schedules.

e On the original schedule, participants working a
morning shift wake up between 0300 and 0400. In
contrast, on the days when a night shift will fol-
low, participants extend their sleep until noon or
later.

e The day between consecutive 12-hr night shifts is
the worst in terms of sleep hygiene. Although the
number of participants on this schedule was small,
each of them napped from 0800 until noon.

e The tendency to nap after a night shift is more evi-
dent following a 12-hr night shift than when fol-
lowing a 24-hr shift.

To assess the quality of sleep between the two
schedules, we calculated the average percentage
of daily sleep obtained from 2200 to 0600. As
already noted, the Panama schedule has a cycle of
28 days. Within this cycle, there are two 14-day
periods, one in which individuals work the morn-
ing shift and one in which they work the night
shift. As shown in Figure 1, individuals on Team 1
are on the night shift portion of the Panama sched-
ule during the first 14 days of the typical 28-day
cycle (Days 1 to 14). These individuals rotate to
the morning shift part of the 28-day cycle for the
next 14 days (Days 15 to 28).

We made two pairwise comparisons. The
first was between the night shift period of the
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Figure 6. Timing of sleep during days following 12-hr night shifts and 24-hr shifts.

Panama schedule and the new schedule. The
second comparison was between the morning
shift period of the Panama schedule and the new
schedule. Analysis showed that participants on
the 12-hr night shift increased their sleep
between 2200 and 0600 from 43.6% to 65.2%
(S = 13.0, p = .03). Daily sleep between the
hours of 2200 and 0600 for participants on the
12-hr morning shift decreased from 85.7% to
71.8% (S = 6.5, p =.125). Although these dif-
ferences are statistically nonsignificant (BH-
FDR procedure), the pattern of these changes
suggests that the new schedule is more consis-
tent. Instead of watchstanders having consider-
able differences in their timing of sleep on the
Panama schedule, 70% of the daily sleep of

individuals on the new schedule occurs between
2200 and 0600. These results are shown in
Figure 8.

POMS

At the beginning of the study, when partici-
pants were on the Panama watch schedule, the
average TMD score was 29.5 + 25.7, ranging
from 1 to 87. These scores dropped to 8.54 +
24.5 (ranging from —-18 to 62) at the middle of
the study and then fell to 1.25 + 21.5 (ranging
from -20 to 55) by the end of the study. These
results (Figure 9) suggest a significant improve-
ment in TMD scores between the beginning and
the end of the study (S = 31, p =.006).
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Figure 8. Percentage of daily sleep between 2200 and 0600 for the two schedules. Vertical bars represent

one standard deviation.

In general, POMS scale scores improved sig-
nificantly on the new schedule compared to the
Panama schedule. Table 1, below, shows all the
POMS scores. The right column shows the p val-
ues of the comparisons of scores between the
beginning and end of the study using the Wilcoxon
signed rank test. Analysis based on the BH-FDR
controlling procedure showed that differences
in all subscale scores, except for Confusion-
Bewilderment, were statistically significant.

Posttest Questionnaires

Analysis of the posttest questionnaires was
based on responses from 13 participants. An

overwhelming 92% (n = 12) of the participants
preferred the new schedule to the Panama
schedule. Participants favoring the new sched-
ule noted that they spent less time commuting
(n = 8), they felt more rested (n = 6), and their
overall daily schedule was more consistent
and a better fit for family life (n = 6). They
also mentioned that the new schedule afforded
more time for additional work while on duty
(n = 4) and that they felt more involved in the
workplace activity and more engaged in their
mission (n = 2). Two participants noted that the
new schedule provided time for workouts while
on duty. One participant, however, preferred the
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TABLE 1: POMS Subscale Scores

Beginning M = SD

Middle M = SD (Min,

End M = SD (Min,

POMS Scale (Min, Max) Max) Max) p Value®
Tension-Anxiety 8.77 £ 4.28 (4, 18) 5.92 +3.80 (1, 13) 4.83+292(2,12) .006
Depression 6.46 +8.89 (0, 30) 3.31 £4.89 (0, 15) 1.58 £ 2.68 (0, 8) .037
Anger-Hostility 8.46 = 7.10 (1, 25) 5.31 +£5.84 (0, 21) 4.08 = 6.90 (0, 25) .002
Vigor-Activity 11.5 +2.88 (7, 78) 16.5 £ 5.75 (5, 24) 17.4 £ 6.79 (6, 25) .019
Fatigue 10.4 £ 3.91 (1, 16) 5.77 =+ 4.25 (1, 14) 4.0 £ 4.07 (0, 14) .008
Confusion- 7.0+4.0(2,19) 4.77 +3.72 (0, 14) 4.17 +£2.59 (0, 9) .068

Bewilderment

Note. POMS = Profile of Mood State.

?Comparison of scores between the beginning and end of the study.

original schedule, identifying four reasons. This
participant noted that on the original schedule,
shift change turnover time was shorter, there
was better control over the shift because of the
shorter duty time, and more time was avail-
able for collateral duties. This participant also
pointed out the poor quality of mattresses in the
sleeping room.

Compared to the original schedule, partici-
pants noted that on the new watch schedule, they
felt better rested (83%), they were more produc-
tive (85%), and their sleep (70%) and life quality
(75%) was improved. Overall, they felt that the
watch schedule change had been an improve-
ment (92%). These results are shown in Figure
10. Only one participant preferred the original

schedule, reporting reduced situation awareness
of events over consecutive shifts in the new
schedule and a reported reduction in perfor-
mance with simple day-to-day tasks.

FAST Predicted Effectiveness

The sleep patterns identified by actigraphy
and activity logs were used as input to the
FAST. Figures 11 and 12 show the actual FAST
output of predicted effectiveness for a typical
56-day period of the Panama and the new shift
schedules. In the Panama schedule, the 56-day
period includes two rotations of the 28-day
cycle. Black intervals indicate shift periods. The
average predicted effectiveness during shifts
does not differ substantively (Panama, 84%;
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Figure 10. Participants’ opinions about the new schedule.

new schedule, 86%). However, compared to
performance on the Panama schedule, the new
schedule results in higher minimum predicted
effectiveness scores during shifts (72% vs.
62%), reduced ranges of predicted effectiveness
(20% vs. 38%), and almost half the time spent
below the 77.5% criterion while on shift (14.3%
vs. 27%). This 77.5% criterion point equates to
the performance of an individual with a blood
alcohol content of 0.05%.

DISCUSSION

Results indicate that participants preferred
the new schedule, felt better rested, and reported
that family life was improved. Compared to
the original schedule, the acceptance of the
new schedule seems reasonable if we map
its attributes to the “principles” that Miller
(2006) proposed to describe essential qualities
of shift systems. These principles fall into three
groups: circadian stability, chronohygiene (short
shift length, minimum consecutive night shifts,
recovery after each night shift, maximum num-
ber of free days on weekends, at least 104 days
off per year), and satisfaction (equity among

shift workers for types of work dates and free
days, predictability of specific work and free
days, and good quality of time off).

The new schedule provides better circadian
stability because personnel are allowed to nap
during the 24-hr shift at a time when they would
normally be asleep. The circadian disruption due
to the absence of sleep in the 12-hr night shift is
ameliorated in the 24-hr shift whereby partici-
pants can sleep in the two 5-hr windows from
1900 to midnight, and from midnight to 0500.
Chronohygiene is also better in the new schedule.
On the original schedule, personnel had two to
three consecutive nights without night sleep fol-
lowed by a recovery day. On the new schedule,
however, the worst case is sleep from 1900 to
midnight on a single night. This situation may
occur only once every 3 to 4 days, and it is always
followed by a recovery day. The new schedule is
also simpler than the Panama schedule because
the shift day iterates every 3 to 4 days based on
the needs of the watchstander. Finally, off-work
time coincides with the normal waking hours for
family members, a positive attribute emphasized
by most participants.
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Although the average sleep of participants
was not different on either the Panama or new
schedule, the sleep provided on the new sched-
ule appeared more beneficial and restorative to
participants. On the new schedule, participants
nap much less during daytime hours, a phenom-
enon clearly evident in the original shift sched-
ule. Sleeping during daytime hours is known to
result in less refreshing sleep (Akerstedt, Hume,
Minors, & Waterhouse, 1997).

Extended wakefulness, such as seen in the
new in the new 24-hr schedule, has been associ-
ated with degraded performance, reduced alert-
ness, and was a major concern for the new
schedule. To increase alertness levels during the
early-morning circadian nadir, the new schedule
required that personnel sleep for a scheduled
period while on duty. Personnel were encour-
aged to avail themselves of the opportunity to
take scheduled naps to increase their alertness
levels. Although all participants took advantage
of this sleep opportunity, compliance with
scheduled napping while on duty varied. A few
participants slept much less than the 5-hr win-
dow allotted for naps. A major concern for intro-
ducing naps into the new schedule was the
potential for sleep inertia, that is, the perfor-
mance impairment that occurs immediately after
awakening. Sleep inertia affects reaction time
and decision making and may still be evident 30
min after awakening (Buck & Pisani, 1997).
This operational concern was discussed with the
PEOC when developing the new schedule.

Although operational commitments did not
allow for the collection of performance data,
predicted effectiveness based on the FAST/
SAFTE model provided positive results. Com-
pared to the Panama schedule, the new schedule
resulted in higher minimum predicted effective-
ness scores during shifts and reduced ranges of
predicted effectiveness. Furthermore, partici-
pants on the new schedule spent much less
(almost half) time below the criterion point that
equates to the performance of an individual with
a blood alcohol content of 0.05%.

The significance of this study lies in the attri-
butes of the proposed new schedule. Even though
there is no increase in the average amount of time
participants sleep, the new schedule results in
improved sleep quality and better alignment of

their work schedule with family and social needs.
Most of the participants also pointed out the ben-
efit of the new schedule in terms of less time
spent commuting, a frequent problem in the
Washington, D.C., area. Commuting, especially
in highly congested regions, has been shown to
interfere with patterns of everyday life by restrict-
ing free time and reducing the time available to
sleep (Costa, Pickup, & Di Martino, 1988a,
1988b). Commuting time has also been associ-
ated with fitness-for-duty issues for airline pilots
by affecting their fatigue level (National Research
Council, 2011).

Although changing to the new schedule was
positive in terms of personnel approval, subjec-
tive assessments of rest, and improved quality of
family life, there are still areas for further
improvement. The room assigned for scheduled
rest periods while on duty should be assessed to
ensure that sleep conditions are optimized. The
schedule should be examined to determine if
more time could be made available for collateral
duties. The shift turnover process should also be
evaluated to determine if it could be streamlined
and made more efficient.

Follow-on research should continue to docu-
ment the sleep patterns of personnel on this new
schedule to ensure that these initial positive
trends continue. A change in the time that the
shift commences may also be beneficial. The
new schedule will be most effective if personnel
adhere to scheduled sleep during their 24-hr
duty period. Personnel should sleep as much as
possible within the allotted 5-hr window. In the
study, approximately 80% of the participants
slept on average less than 4 hr, whereas one par-
ticipant used the sleep opportunity just once for
a short period. The less-than-optimal use of the
entire 5-hr sleep window explains the troughs in
the predicted effectiveness of the new schedule
in Figure 12. Furthermore, it explains the differ-
ences between average performance between
the initial run of FAST before the data collection
and the second FAST run using the actual sleep
data. The model of the new schedule in Figure
12 was based on average nap duration of 3.5 hr
instead of 5 hr.

Results of this study suggest that a macroer-
gonomically designed work schedule should
incorporate information about the social life of
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the workers. Social considerations, such as the
demands of family life, commuting distance and
time, and traffic congestion, all have a consider-
able effect on the acceptance of a work schedule.
Among other factors, a successful work sched-
ule should, to the extent possible, avoid conflicts
between social life and operational demands
posed by the job. The news and acceptance of
this watch schedule by the PEOC has filtered
throughout the White House. Anecdotal reports
indicate that other White House departments are
trying out the new schedule. As results from the
current study are released, changes in the work
schedules of personnel assigned to other depart-
ments with similar 24/7 responsibilities could be
expected. The study could potentially be adopted
by other professions requiring round-the-clock
operations—particularly in situations for which
long commutes are required.

Study Limitations

This study has a number of limitations. Our
sleep results are based on the analysis of only 12
participants, predominantly male. Although this
number represented almost every member of this
department, it is still a small number on which
to assess sleep in operational settings. Future
efforts should include a larger sample with male
and female participants. In order to minimize the
impact of participants’ workload, performance
tests were not used in our study. A follow-up
study should assess how the new schedule
affects cognitive performance, especially alert-
ness and vigilance levels. Given the operational
aspects of this study, a design balanced by sched-
ule order could not be used in our study. All par-
ticipants first experienced the Panama schedule
followed by the new one. Furthermore, temporal
changes in work conditions may have affected
our results. Both these issues may have biased
the POMS scores in the middle of the study. At
that point in time, participants had been using
the new schedule for approximately 10 days.
However, we believe that the data obtained at the
end of the study, after approximately 31 days on
the new schedule, are not substantially biased. If
the improvements in POMS scores shown in the
middle of the data collection period were caused
by an order effect or temporal changes, we could
reasonably expect a plateau, or even a reversal of

scores, by the end of the study. However, such a
phenomenon was not observed; POMS scores at
the end of the study continued to improve.
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KEY POINTS

e Compared to a 12-hr shift schedule that rotates
every 2 weeks between day and night shifts, a
24-hr-on/72-hr-off schedule with scheduled nap-
ping at work may be better tolerated by watch-
standers.

e Macroergonomic interventions should address
social needs and considerations of family life
when optimizing shift schedules.

e Beyond looking simply at average sleep amounts,
optimizing sleep quality by encouraging stable
sleep practices results in considerably better shift
schedules.
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