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Introduction: Fatigue is an acknowledged safety risk in diverse oper-
ational settings. As a result, there has been growing interest in develop-
ing and implementing activities to improve alertness, performance, and
safety in real-world operations where fatigue is a factor. Methods: A
comprehensive Alertness Management Program (AMP) that included
education, alertness strategies, scheduling, and healthy sleep was im-
plemented in a commercial airline. An operational evaluation was
conducted with 29 flight crewmembers, first when flying a standard
schedule without AMP components (i.e., standard condition) compared
with full AMP implementation, which included flying an innovative
schedule that incorporated physiological sleep and alertness principles
(i.e., intervention condition). The evaluation included objective mea-
sures of sleep quantity (actigraphy), psychomotor vigilance task (PVT)
performance, and subjective reports of daily activities and sleep. Re-
sults: The results showed that the 3.5-h educational CD improved
pre-education test scores from an average 74% correct to a post-educa-
tion average of 98%. Alertness strategies showed minimal changes,
though the daily diary did not allow for refined evaluation of duration,
frequency, and timing of use. The intervention condition was associated
with significantly more sleep (1 h, 9 min; p � 0.01) during the trip period
compared with the standard schedule. All performance metrics showed
significantly better performance during the intervention condition trip
schedule (p � 0.01) compared with the standard condition. Discussion:
This first-ever evaluation of a comprehensive AMP showed significantly
improved knowledge, support for the use of alertness strategies, and
increased sleep and performance during actual operations. The robust
and consistent findings support the use of an AMP approach to effec-
tively manage fatigue in operational settings.
Keywords: education, alertness strategies, innovative scheduling, acti-
graph sleep, PVT performance, operational evaluation.

FATIGUE IS ACKNOWLEDGED as a significant
safety concern in diverse operational settings, in-

cluding all modes of transportation, healthcare, public
safety, and other 24/7 shift work environments
(3,11,14). Efforts have expanded beyond documenting
the effects of fatigue to implementing strategies, activ-
ities, and programs to minimize known fatigue-related
risks and enhance performance, alertness, and safety
(7). Given the complexity of fatigue in operational set-
tings, a comprehensive Alertness Management Pro-
gram (AMP) provides a multi-component approach
that addresses different aspects of fatigue (1,13). A com-
prehensive AMP includes, at a minimum, activities fo-
cused on education, alertness strategies, healthy sleep
(i.e., addressing sleep disorders), and scheduling.

A U.S. domestic airline engaged us to design and
support implementation of a comprehensive AMP. A

critical element of the activities included an operational
evaluation to determine the effectiveness of the AMP to
improve performance, sleep, and other relevant mea-
sures during actual flight operations. The education,
alertness strategies, and healthy sleep components of
the comprehensive program were implemented and
distributed on a CD. The scheduling component in-
volved a scientific evaluation of current scheduling
practices and policies, development of potential sched-
uling innovations to address known fatigue factors, and
the collection of objective data during actual flight op-
erations that involved the proposed innovative sched-
ules.

All components of the comprehensive AMP were
implemented in a group of 29 flight crewmembers, who
were intensively evaluated to determine specific out-
comes related to education, the use of alertness strate-
gies, and operating innovative flight schedules. Based
on the outcomes of this initial evaluation, the airline
planned to determine whether to expand implementa-
tion of the comprehensive AMP activities throughout
the company’s flight operations. This paper provides a
summary of the AMP component activities and the
results of the intensive operational evaluation that in-
cluded objective performance and sleep measures, and
subjective reports of daily activities, sleep, and use of
alertness strategies. In this project, data were first col-
lected with the 29 flight crewmembers during current,
standard operations without focused education on
sleep and alertness issues, without information on alert-
ness strategies and healthy sleep, and when flying reg-
ular schedules. All elements of the AMP were then
implemented with the 29 flight crewmembers, includ-
ing education, alertness strategies, healthy sleep, and
the operation of innovative flight schedules. The same
data and measures were then collected again. The pri-
mary goal of this project was to determine if sleep and
performance would be significantly enhanced with im-
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plementation of a comprehensive AMP compared with
standard operations without the AMP.

METHODS

At the time comprehensive AMP activities were im-
plemented, the airline operated primarily U.S. domestic
flights, with some international destinations, in one air-
craft type with about 925 pilots. On a daily basis, the
airline operated approximately 288 flights to 31 desti-
nation cities across the United States and internation-
ally. An introductory DVD describing the AMP was
created and distributed to all 925 pilots. The 17-min
DVD provided a brief introduction to fatigue as a safety
issue in flight operations and included an overview of
the planned AMP activities and objectives. Senior lead-
ership and flight operations personnel, pilots, training
specialists, and our scientists delivered the information
in the DVD. After distribution of the introductory DVD,
a web-based background survey was implemented
with the entire airline pilot population, and then a
subgroup of 29 pilots participated in the full implemen-
tation and evaluation of the comprehensive AMP.

Web-Based Background Survey

To explore alertness-related issues among the entire
airline pilot population, we conducted a confidential
and anonymous web-based survey. An e-mail was sent
to all 925 of the airline pilots that invited their partici-
pation in the online survey. This background survey
included 19 general questions about fatigue and alert-
ness, and 10 basic knowledge questions. At the end of
the survey, pilots interested in participating in the AMP
component of the project volunteered for the intensive
data collection phase.

Education

The comprehensive AMP, which included education,
alertness strategies, healthy sleep, and scheduling, was
implemented with a group of 29 volunteer pilots. The
educational component involved the development of a
3.5-h interactive multimedia CD with all of the educa-
tional content, which allowed flexibility and self-pacing
for pilots to complete on laptops. The educational CD
included a method to determine compliance related to
both reviewing material as well as completing quizzes.
The six individual educational modules covered: a gen-
eral introduction to the educational activities; sleep ba-
sics; circadian basics; aviation and fatigue; alertness
strategies; and healthy sleep. The modules varied in
length depending on the content provided. Pilot knowl-
edge acquisition was evaluated with six quizzes: a 20-
question quiz administered before and then after com-
pleting all of the 6 modules and 5-question quizzes
following modules 2–5.

Alertness Strategies

The alertness strategies component was delivered
through a 27-slide module included in the educational
CD. The alertness strategies module provided informa-
tion about 10 strategies and guidance on their use as

preventive and operational countermeasures (15). Prior
to receiving any educational content, the overall use of
alertness strategies was examined through questions on
the web-based background survey, and their use dur-
ing actual flight operations was documented through
daily diary information collected while operating the
standard schedule. After completing the alertness strat-
egies educational component, strategy use during ac-
tual flight operations was again documented through
daily diary information collected while operating the
innovative schedule.

Healthy Sleep

The healthy sleep component was delivered as part of
a 28-slide module included in the educational CD. The
healthy sleep component module provided an intro-
duction to six specific sleep disorders, such as sleep
apnea, and included information about their diagnosis
and treatment. Tools were included that provided guid-
ance on addressing sleep disorders, and referral re-
sources were identified for follow-up questions and
possible evaluation. However, due to medical privacy
and confidentiality issues, no data were collected on the
number of individuals that pursued further evaluation
or the outcomes of those actions.

Scheduling

The scheduling component involved several activi-
ties. First, we examined system fatigue factors in cur-
rent scheduling policies and practices of the airline.
Based on this analysis, specific schedules were identi-
fied that represented known fatigue factor risks. For
example, a common trip schedule that was identified
involved an early morning report time, an early trans-
continental day flight, and a day sleep period followed
by a return night flight with a subsequent repeat of this
sequence. Fig. 1, top, portrays an actual, standard
schedule regularly flown that represents this pattern.
The fatigue factors associated with this schedule in-

Fig. 1. Top: standard condition schedule. Different numbers paired
with location labels indicate different cities. For example, East 1 and East
2 are different cities in the eastern time zone. Bottom: intervention
condition schedule.
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cluded early start times and acute sleep loss, the re-
quirement for multiple day sleep periods and the re-
sultant cumulative sleep debt, and operating multiple
flights during a window of circadian low. This pattern
resulted from a combination of regulatory requirements
(i.e., 8 h scheduled flight time, 9 h minimum rest) and
airline route structure (i.e., transcontinental flights).

Second, this specific trip schedule was used as a basis
to develop an innovative schedule that would address
the identified fatigue factors. Therefore, an innovative
schedule was developed that reflected known physio-
logical sleep/alertness principles and included: day fly-
ing only, night sleep only, sleep in the home time zone,
optimal circadian phase for sleep and duty, and main-
taining established duty limits (i.e., continuous hours of
wakefulness). The schedule still involved an initial
early report time and a potential acute sleep loss and
required a longer flight time on a daily basis. This
innovative schedule is portrayed in Fig. 1, bottom. A
comparison of flight parameters for the standard and
innovative schedules is portrayed in Table I.

Third, an operational evaluation was conducted after
all four components of the AMP were implemented to
determine whether the AMP produced the intended
performance and sleep benefits. Therefore, to evaluate
the overall effects of the AMP, objective data were first
collected during actual flight operations on the stan-
dard schedule (i.e., standard condition) and prior to
receiving any of the education, alertness strategies, or
healthy sleep information. Data were collected across
2.5 d pre-trip (baseline), the 4-d trip, and on 3 d post-
trip (recovery). The same data were then collected after
completing the 3.5-h educational module that included
education, alertness strategies, and healthy sleep com-
ponents and while operating the innovative schedule
(i.e., intervention condition). During the intervention
condition, data were collected 2.5 d pre-trip (baseline),
throughout the 3-d trip, and during 2 post-trip (recov-
ery) days. During the baseline and recovery periods of
both the standard and innovative conditions, the crew-
members were free of any company-related duty re-
quirements. The intervention condition provided an
evaluation of the comprehensive AMP implemented in
the group of 29 flight crewmembers.

Volunteers gave written informed consent for all
project activities. All data collected from evaluation of
the education component, the use of alertness strate-

gies, and the intensive monitoring with actigraph and
personal digital assistant (PDA) were confidential. Al-
though this project was privately funded and thus was
not required to conform to the U.S. Code of Federal
Regulations regarding human subjects, the protocol met
the conditions of the 1964 Declaration of Helsinki. The
anonymity of specific individual results was main-
tained by using randomly assigned ID numbers, and all
data are presented in group summary format only.

Data collection during the intensive monitoring
phase involved approaches based on NASA methodol-
ogy (12,16) and included actigraphy, a PDA (in this case
a Palm Zire 21) programmed for a 10-min psychomotor
vigilance task (PVT), and a subjective daily diary. All
participants received training over the phone regarding
the use of each device. This training required partici-
pants to follow specific instructions and demonstrate
successful use of the equipment. The pilots wore the
wrist actigraphs on their non-dominant wrists on a 24-h
basis throughout the pre-trip (baseline), trip, and post-
trip (recovery) periods. The actigraphs were used as a
valid and reliable way to monitor sleep/wake cycles
and objectively determine sleep quantity and quality
(17). The Actiwatch 64 actigraph (Mini-Mitter/Respi-
ronics Co., Inc., Bend, OR) was used and pilots were
instructed to push the actigraph event marker button to
indicate bedtimes, wake times, and when the actigraph
was taken on or off. The data from actigraphs were
uploaded onto a computer and analyzed to yield such
metrics as sleep latency, total sleep time, and sleep
efficiency.

The PVT, a simple, visual reaction time (RT) task, is
not dependent on aptitude or skill level and does not
have a learning curve. It is sensitive to even small
amounts of sleep loss and yields informative metrics on
the capacity for sustained attention and vigilance (4–6).
PalmPVT software developed at the Walter Reed Army
Institute of Research (18) was loaded on the PDA and
used to administer the PVT. The conventional 10-min
PVTs were completed three times on non-trip days:
�2–3 h after wakeup, �6 h after wakeup, and �12 h
after wakeup. On trip days, the 10-min PVT was com-
pleted in flight within �60 min after takeoff [after top of
climb (TOC)] and within �60 min prior to landing
[before top of descent (TOD)]. These two PVT trials
were the only in-flight measures that involved crew-
member action. There were four primary outcome mea-
sures that were analyzed from the PVT data. They
included: 1) mean reaction time (1/RT); 2) duration of
lapse domain, which refers to shifts in lapse duration
calculated from the reciprocal of the 10% slowest RTs;
3) optimum response speed, which is the average of the
reciprocal of the 10% fastest RTs per trial and reflect the
best performance an operator is capable of producing;
and 4) frequency of lapses, which refers to the number
of times the participant fails to respond to the signal or
fails to respond in a timely manner (RTs � 500 ms). In
order to minimize the contribution of lapses greater
than 2 s, lapses were transformed using a formula that
reduced the proportionality between the SD and mean
(5,6).

Subjective daily diary information was recorded just

TABLE I. FLIGHT PARAMETERS BY STANDARD VS.
INTERVENTION CONDITIONS.

Flight (h) Duty (h) Layover (h)

Standard
East 1 - West 1 6:25 7:40 10:30
West 1 - East 2 4:55 5:55 13:55
East 2 - West 2 5:55 6:55 23:55
West 2 - East 1 5:00 6:00 —

Intervention
East 1 - West 1 - East 1 10:35 12:50 32:25
East 1 - West 3 - East 1 9:30 11:45 —

Different numbers paired with location labels indicate different cities.
For example, East 1 and East 2 are different cities in the eastern time
zone.
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prior to bedtime using the PDA and included the re-
porting of duty, naps, meals, exercise, alcohol use, caf-
feine, and other alertness strategies. On awakening, the
wake time diary inquired about the previous sleep pe-
riod (e.g., sleep latency, total sleep time, sleep quality).
Using a within-subject design, data from all 29 pilots
were collected during a 1-mo period prior to receiving
any educational, alertness strategies, or healthy sleep
information and while operating the standard schedule
(Fig. 1, top). The same data were then collected, also
during a 1-mo period, after implementation of the in-
tervention condition, including operation of the inno-
vative schedule portrayed in Fig. 1, bottom. This design
required a significant effort on the part of the airline to
create and implement the innovative schedule in their
regular trip offerings, guarantee that the 29 pilot par-
ticipants would be assigned to fly both schedules, and
organize logistics to have the schedules available in 2
consecutive months. Operational logistics prevented
the examination of order effects because it was neces-
sary to operate all of the flight schedules in the inter-
vention condition in 1 mo. Also, to test the full imple-
mentation of the comprehensive AMP required that the
innovative schedule could not be flown until after re-
ceiving and completing the entire educational CD.

The flight schedules flown during both the standard
and intervention conditions were revenue-generating
flights operated under Federal Aviation Administration
(FAA) regulations. The intervention condition flights
operated with the usual two primary flight crew and a
third augment pilot who did not fly in the cockpit
jumpseat, but instead occupied a seat in the passenger
compartment in row 1. During operation of the stan-
dard and innovative schedules, no pilot (revenue or
non-revenue) was allowed to occupy a cockpit jump-
seat. This restriction was implemented to minimize any
potential disruption of the operational evaluation pro-
cedures. Thus, the third pilot was instructed not to
interact with the two primary flight crew unless re-
quested. The only interaction among the three crew-
members occurred during the turnaround time (� 1 h)
between the first and second flight of the day. At this
time, all three pilots completed a fatigue checklist and
discussed operational status regarding the continuation
of the flight using the original crew.

RESULTS

Web-Based Background Survey

A total of 213 pilots (23% response rate) participated
in the background survey. The group was 95% men and
averaged about 40 yr of age, with 18.4 yr of total flight
experience. The pilots reported sleeping an average of
6.8 h on flight days and 7.7 h on non-flight days. Fatigue
was identified as “very much” an aviation operations
issue by 38% of respondents and moderately by 45%.
Night flying (88% of respondents ranked it first or
second), long duty days (49%), and early morning re-
port times (38%) were identified as the most commonly
reported aspects of flight operations that created the
most fatigue. Pilots reported that fatigue most affected
concentration (identified by 100% of respondents), vig-

ilance (90%), and decision making (86%). Of the respon-
dents, 86% indicated that they had “nodded off” in the
cockpit sometime during their aviation career. Strate-
gies most often used to stay alert during a trip included:
cockpit lights (84% of respondents), physical activity/
stretching (83%), talking (80%), caffeine (79%), eating/
drinking (74%), naps (47%), and oxygen (29%). When
asked about knowledge regarding sleep, circadian
rhythms, and fatigue, 48% reported “some” and 39%
indicated “little.” On the 10 knowledge questions, the
average number correct was 4.3, with only 6% getting 7
or more correct and 59% getting 4 or less correct.

The following results report the data from the 29
pilots who completed all components of the compre-
hensive AMP. Due to missing data, results are reported
for the maximum available data points.

Education

The pilots involved in full implementation of the
comprehensive program completed six quizzes as out-
lined in the Methods section. The average correct score
for the pre-education module quiz was 14.8 (out of 20),
or 74% correct (n � 27). The minimum score was 40%
and the best score was 95%. Overall, 44% of the pilots
scored 80% or better on the pre-quiz.

After completing the 3.5-h educational CD, the aver-
age correct score for the post-quiz was 19.6 out of 20
(98% correct). The minimum score was 90% and 67%
(18 pilots) had perfect scores. Overall, 100% of pilots
scored 80% or better on the post-quiz. Short quizzes
after four of the modules showed best knowledge for
fatigue basics/strategies (avg. 97% correct), sleep basics
(avg. 94% correct), aviation and fatigue (avg. 92% cor-
rect), and circadian rhythms (avg. 85% correct). Fatigue
basics/strategies had the highest number of perfect
scores (85%), while circadian rhythms had the lowest
(44%).

Alertness Strategies

Pilots reported use of alertness strategies in the PDA
daily diary, which was collected during the standard
and intervention conditions. Overall, there were mini-
mal differences in the use of alertness strategies before
education and on the standard schedule as compared
with after education and flying the innovative schedule
(i.e., intervention condition). Specific examples related
to caffeine, naps, exercise, and good sleep habits dem-
onstrated these small changes. For caffeine, 96% of pi-
lots reported use during the standard and 93% reported
use during the innovative schedules, with the same
average daily servings (2.6) and no major changes in
consumption comparing baseline to trip to recovery
periods. Coffee (�50%) was the most common form of
caffeine used, followed by soda (35% on the standard
and 41% on the innovative schedule).

For the baseline and recovery periods, 13 pilots re-
ported 31 naps during the standard condition, and 16
pilots reported 29 naps during the intervention condi-
tion (the schedules were too different to examine naps
during the trip days). On average, pilots reported a
50.8-min nap during the standard condition baseline
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and recovery periods, while reporting a 57.6-min nap
during the intervention condition. The longest duration
nap reported during the standard condition was 3 h,
while it was 4 h during the intervention condition.

There were 26 pilots who reported exercising in the
standard condition (on 48% of all daily entries) and 25
in the intervention condition (on 32% of all daily en-
tries). There were fewer reports of exercise during base-
line of the standard schedule (38% of exercise entries)
and more during duty (29%) compared with baseline
(60% of exercise entries) and duty (16%) of the innova-
tive schedule. Regarding good sleep habits, there were
fewer reports of using a regular pre-sleep routine dur-
ing the standard condition (18% of all entries for items
that helped sleep) compared with use during the inter-
vention condition (24%). The most common report of
making the room dark and quiet was the same during
both conditions (�54%).

Healthy Sleep

Information and tools were provided to address sleep
disorders, including referral resources for questions
and evaluation. However, as previously explained,
medical privacy and confidentiality issues, and the sen-
sitivities related to health status, precluded the collec-
tion of any data regarding actions taken based on the
information and tools provided. Therefore, no data are
available about follow-up questions, possible evalua-
tions, or the outcomes of those actions.

Scheduling

There were 213 respondents to the web-based back-
ground survey, and 87 of these individuals (�41%)
volunteered for the intensive monitoring phase of the
project. These 87 volunteers were further screened, pri-
marily for operational considerations (e.g., experience
with transcontinental flights) and availability, to deter-
mine the final group of 29 flight crewmember partici-
pants. All volunteer participants were regular line pi-
lots and no leadership pilots or individuals associated
with the project in any way were included. The data
from the web-based background survey were com-
pared for the 29 pilot participants in the intensive mon-
itoring phase with the overall sample of 213 pilots. The
data for the two groups were similar for age (40.6 yr vs.
40.1 yr), gender (100% men vs. 95%), years of flight
experience (18.3 vs. 18.4), and total sleep on duty days
(6.7 h vs. 6.8 h) and non-duty days (7.7 h vs. 7.7 h).
There were no notable differences between the groups,
demonstrating that the 29 pilots involved in the inten-
sive monitoring phase were representative of the airline
pilot group that responded to the survey.

Overall, the intensive monitoring conducted during
the standard and intervention conditions involved a
total of 463 actigraph nights collected, 1452 PVTs per-
formed, and 967 daily diaries completed. These data
reflected the specific operational requirements of the
standard vs. intervention conditions: 261 vs. 202 acti-
graph nights, 790 vs. 662 PVTs, and 539 vs. 428 diary
entries, respectively. The following sleep and perfor-
mance data are presented for the standard condition

that involved no education, alertness strategies, or
healthy sleep information and operating a regular, cur-
rent flight schedule (Fig. 1, top). These data were com-
pared with the intervention condition that involved
education, information on alertness strategies and
healthy sleep, and operating the innovative flight
schedule (Fig. 1, bottom).

One-way within-subjects analysis of variance
(ANOVA) was conducted to test for significant differ-
ences between time periods (baseline, trip, recovery) by
dependent variables (actigraph sleep, daily diary infor-
mation, PVT performance). Two-way ANOVAs were
conducted to test for significant differences between
conditions (standard, intervention) by time period and
dependent variables. Post hoc comparisons between all
pairs of means were conducted using a Tukey test that
controls family wise error (8). Data management and
analysis were conducted using the JMP (2005, SAS In-
stitute, Cary, NC) software application. Additional
analyses were conducted using the program ANOVA,
part of the �STAT data analysis package (developed by
G. Perlman, http://www.acm.org/�perlman/stat/).

Sleep Findings

Summary results for the actigraph sleep data for
TST24 (total sleep time for the 24-h period that included
nap sleep, or any sleep that occurred outside the pri-
mary sleep period), TSTp (total sleep time for the pri-
mary sleep period), and sleep latency are presented in
Table II. In the standard condition, there were overall
significant differences between the amount of TST24

obtained on baseline, trip, and recovery (p � 0.001).
Pilots slept less during the trip period than during
baseline (p � 0.01) or recovery (p � 0.01). The TST24 was
greater during recovery than sleep obtained during
baseline (p � 0.01) or trip (p � 0.01). Therefore, reduced
sleep obtained during the trip (compared with baseline)
was followed by an increased TST24 during recovery,
indicating recuperation from sleep loss and a cumula-
tive sleep debt.

In the intervention condition, there were no signifi-
cant differences in TST24 obtained across the baseline,
trip, and recovery periods. We found a non-statistically
significant increase in sleep (�26 min) during the trip
period compared with baseline, with a subsequent re-
duction during recovery to approximately baseline lev-
els. In the intervention condition, pilots obtained a rel-
atively stable sleep amount through baseline, trip, and
recovery periods, did not accumulate a significant sleep
loss during the trip period, and did not show an in-
crease in sleep amount during recovery days.

A comparison of TST24 between standard and inter-
vention conditions is presented in Fig. 2. First, it is
important to note that there were no significant differ-
ences for the amounts of sleep obtained during the
baseline period between the two conditions. In the in-
tervention condition, there was a significant increase in
total sleep (�1 h, 9 min) obtained during the trip (in-
novative schedule) period compared with the standard
condition (p � 0.01). During the recovery period, there
was a significant increase in total sleep (�1 h, 1 min)
obtained in the standard condition compared with the
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intervention condition (p � 0.01). As indicated in Fig. 2,
the significant sleep loss during the trip period of the
standard condition was followed by a classic increased
recovery sleep period. The intervention condition
showed an increase in sleep during the trip period and
no increased sleep during the subsequent recovery pe-
riod.

Using the actigraph data, the cumulative sleep debt
(CSD) was calculated for the average amount of sleep
lost per day during the trip period (compared with
baseline) for the standard and intervention conditions.
Overall, there was an average cumulative sleep loss of
1.7 h of sleep per day in the standard condition for the
three layover sleep periods. Therefore, the group aver-
aged 5.1 h of total CSD at the end of the trip schedule,
with one individual showing a gain of 0.1 h of sleep and
another individual having a loss of 12.9 h of sleep over
the three layover sleep periods. In the intervention con-
dition, there was an average loss of 0.2 h of sleep per
day across two sleep periods. Therefore, the group av-
eraged 0.4 h of total CSD at the end of the trip schedule,
with one individual showing a gain of 2.9 h of sleep and

another individual having a loss of 3.7 h of sleep over
the two trip sleep periods. This represented a signifi-
cantly greater daily cumulative sleep loss for the stan-
dard condition compared with the intervention condi-
tion (p � 0.001).

Results of subjective flight crew reports of total sleep
time and sleep quality ratings entered into the PDA
daily diary were also analyzed. Detailed information
can be viewed online in Table A*. There were differ-
ences in the absolute amounts of reported sleep totals
compared with actigraph-determined sleep amounts, a
result consistent with subjective vs. objective measure
discrepancies typically found (2,9). However, the sub-
jective reports were consistent with the objective acti-
graph measures in the direction of the findings. For
example, in the standard condition, pilots reported less
sleep during the trip period compared with baseline
and more sleep during recovery than either baseline or
trip period (p � 0.001). This was consistent with the
pattern observed in the actigraph sleep data.

Performance/PVT Findings

Four performance/PVT metrics were analyzed: mean
response speed 1/RT (lower number � worse perfor-
mance); transformed lapses (�lapses � �lapses � 1;
lower number � better performance); 1/RT 10% fastest
(lower number � worse performance); and 1/RT 10%
slowest (lower number � worse performance). Detailed
information for these PVT metrics by time period and
condition can be viewed online in Table B**. For the
standard condition, overall each of the metrics showed
significant differences across baseline, trip, and recov-
ery (ranging from p � 0.05 to p � 0.001). The trip period
was associated with worse mean (p � 0.01) and slower
(p � 0.05) reaction times compared with recovery.
Transformed lapses (p � 0.01) and faster (p � 0.05)
reaction times were worse during the trip period com-
pared with both baseline and recovery periods. Gener-
ally, in the standard condition, performance decreased

* Table A can be found online at http://www.ingentaconnect.com/
content/asma/asem.

** Table B can be found online at http://www.ingentaconnect.
com/content/asma/asem.

TABLE II. ACTIGRAPH SLEEP BY TIME PERIOD AND CONDITION.

Baseline Trip Recovery F p

Standard
TST24 (h)*†‡ 6.18 � 0.62 5.32 � 0.85 7.17 � 0.86 F(2,48) � 40.51 0.001
TSTp (h)*†‡ 6.16 � 0.85 4.23 � 0.71 6.81 � 0.89 F(2,48) � 82.85 0.001
Sleep Latency (min) 8.53 � 7.52 11.42 � 11.02 13.80 � 15.41 F(2,48) � 1.87 n.s.

Intervention
TST24 (h) 6.03 � 0.49 6.47 � 0.69 6.15 � 0.72 F(2,50) � 3.12 n.s.
TSTp (h)* 5.95 � 0.51 6.27 � 0.71 5.81 � 0.80 F(2,50) � 3.53 0.05
Sleep Latency (min) 11.72 � 10.17 13.54 � 12.48 11.84 � 12.43 F(2,50) � 0.22 n.s.

Values are mean � SD; n � 25 for the standard condition and n � 26 for the intervention condition; n.s. � not significant.
TST24 � Total sleep time for 24-h period (primary sleep and naps).
TSTp � Total sleep time for primary sleep period (� 2 h).
* indicates significant difference between baseline and trip periods at p � 0.01.
† indicates significant difference between trip and recovery periods at p � 0.01.
‡ indicates significant difference between baseline and recovery periods at p � 0.01.

Fig. 2. Actigraph mean total sleep time per 24-h period (primary sleep
and naps) by time period and condition. ** p � 0.01.
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(worsened) during the trip and improved during the
subsequent recovery period.

For the intervention condition, there were overall
significant differences across the baseline, trip, and re-
covery periods for the mean, fastest, and slowest reac-
tion times (ranging from p � 0.05 to p � 0.001). Perfor-
mance improved during the trip for both mean and
fastest reaction times compared with baseline periods
(both p � 0.01). Performance also improved during the
trip for slowest reaction time compared with baseline
(p � 0.05). There were no statistically significant differ-
ences overall for the transformed lapses across the base-
line, trip, and recovery periods. Therefore, generally in
the intervention condition, performance showed im-
provement during the trip period or, at a minimum,
maintained consistency across the baseline, trip, and
recovery periods.

Comparisons between the standard and intervention
conditions showed that at baseline, there were no sig-
nificant differences among any of the four PVT metrics.
However, in the intervention condition, all four PVT
metrics showed significantly better performance during
the trip (all p � 0.01) compared with trip performance
in the standard condition (Table III). Also, these better
performance differences continued into the recovery

period, where in the intervention condition, again, three
of the PVT metrics analyzed (mean response speed
1/RT, 1/RT 10% fastest, and 1/RT 10% slowest)
showed significantly better performance during recov-
ery compared with the standard condition (p � 0.01).
Fig. 3 presents the mean response speed 1/RT as an
example of the improved performance during the trip
and recovery periods for the intervention condition
compared with the standard.

The comparisons of in-flight performance from after
TOC to before TOD between the standard and interven-
tion conditions are presented in Table IV. After TOC,
in-flight performance was better for all four PVT met-
rics in the intervention condition compared with the
standard condition (p � 0.01 for transformed lapses,
p � 0.001 for the others). Before TOD, in-flight perfor-
mance is better for all four PVT metrics in the interven-
tion condition compared with the standard condition
(p � 0.001 for all). An example (transformed lapses) of
these differences is portrayed in Fig. 4. In the interven-
tion condition, performance was better at the beginning
of the flight and maintained throughout the flight com-
pared with the initial worse performance and continued
worsening across the flight in the standard condition.

Previously, the physiological sleep/alertness princi-
ples were identified that guided the development of the

Fig. 3. PVT mean speed (1/RT) by time period and condition. ** p �
0.01.

TABLE III. PVT METRICS BY CONDITION AND TIME PERIOD.

Standard Intervention p

Trip
Mean Speed (1/RT) 3.73 � 0.70 4.31 � 0.65 0.01
Transformed Lapses 3.77 � 2.77 2.19 � 1.38 0.01
10% Fastest (1/RT) 4.86 � 0.60 5.44 � 0.55 0.01
10% Slowest (1/RT) 2.53 � 0.75 3.14 � 0.75 0.01

Recovery
Mean Speed (1/RT) 4.01 � 0.63 4.27 � 0.66 0.01
Transformed Lapses 2.82 � 1.59 2.21 � 1.44 n.s.
10% Fastest (1/RT) 5.16 � 0.56 5.44 � 0.62 0.01
10% Slowest (1/RT) 2.76 � 0.73 3.06 � 0.73 0.01

Values are mean � SD; n � 25. PVT � psychomotor vigilance task;
n.s. � not significant.
Response speeds are reported as 1/RT � 1000; RT � reaction time.

TABLE IV. PVT METRICS BY CONDITION AND PHASE OF
FLIGHT.

Standard Intervention p

TOC
Mean Speed (1/RT) 3.84 � 0.68 4.36 � 0.71 0.001
Transformed Lapses 3.10 � 2.23 2.22 � 1.64 0.01
10% Fastest (1/RT) 4.91 � 0.60 5.51 � 0.60 0.001
10% Slowest (1/RT) 2.66 � 0.76 3.17 � 0.82 0.001

TOD
Mean Speed (1/RT) 3.64 � 0.74 4.27 � 0.69 0.001
Transformed Lapses 4.34 � 3.09 2.22 � 1.35 0.001
10% Fastest (1/RT) 4.84 � 0.60 5.39 � 0.61 0.001
10% Slowest (1/RT) 2.40 � 0.78 3.06 � 0.80 0.001

Values are mean � SD; n � 26. PVT � psychomotor vigilance task;
TOC � top of climb; TOD � top of descent. Response speeds are
reported as 1/RT � 1000; RT � reaction time.

Fig. 4. PVT mean transformed lapses by phase of flight and condition.
Note that a higher number of lapses indicates worse performance. ** p �
0.01; *** p � 0.001.
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innovative schedule of the intervention condition.
These included principles such as day flights only,
night sleep periods, and maintaining a regulatory and
scientifically based limit on the hours of continuous
wakefulness (duty time). However, while the innova-
tive schedule maintained a duty limit significantly less
than that allowed under current FAA regulations and
consistent with the airline’s policies (Table I), it did
require an increased flight time. Day 1 of the standard
schedule (i.e., standard condition) involved only one
westbound daytime transcontinental flight followed by
a required daytime sleep period prior to the next day’s
night flight. Day 1 of the innovative schedule (i.e., in-
tervention condition) involved one westbound daytime
transcontinental flight followed by a quick turnaround
and a second eastbound daytime/evening transconti-
nental flight. While an augment pilot flew on each of the
eastbound innovative schedule flights, the primary
flight crew never deemed it necessary to use the aug-
ment pilot for flight duty.

Further analyses examined how daily flight time dif-
ferences between conditions affected performance. Per-
formance on Day 1 (one transcontinental flight; less
than 6 h, 30 min flight time) and Day 2 (one transcon-
tinental flight; less than 5 h flight time) in the standard
condition was compared with performance on Day 1
(two transcontinental flights; totaling 10 h, 35 min flight
time) and Day 2 (two transcontinental flights; totaling
9 h, 30 min flight time) in the intervention condition.
The results of these analyses are presented in Table V.
The results show that there were no significant perfor-
mance differences between the standard condition Day
1 and the intervention condition Day 1. However, Day
2 performance in the intervention condition improved
in all of the four PVT metrics compared with the stan-
dard condition.

DISCUSSION

Overall, this operational evaluation involved a large
group of line pilots, with data collected during actual
flight operations, used a within subjects design, in-
volved multiple objective sleep and performance mea-
sures and subjective reports, and tested implementation
of a comprehensive program that included education,
alertness strategies, healthy sleep, and scheduling com-
ponents. The methodology and approach were based

on NASA and other widely used research techniques
employed by scientists internationally. The PVT is es-
tablished as a valid, sensitive measure of vigilance and
reaction time, a foundational metric for any operational
task and higher cognitive output. The design provided
an opportunity for direct comparison between current,
standard practices without any AMP components and
the full implementation of AMP component activities.

The consistent and statistically significant findings
showed that the comprehensive AMP improved sleep
and performance compared with standard operations
without the AMP. The intervention condition, com-
pared with the standard condition, was associated with
significantly more sleep and better performance during
the innovative flight schedule. These findings were con-
sistent across different objective sleep and performance
variables, as well as across baseline, trip, and recovery
periods. All of the significant findings are consistent
with known and established physiological principles
related to sleep, circadian rhythms, alertness, and per-
formance. Also, the educational activities were found to
be effective and improved pilot knowledge from an
average “grade” of C� to an A. The results obtained
from this operational evaluation support the use of a
comprehensive AMP, including education, alertness
strategies, healthy sleep, and scheduling components to
address fatigue and alertness challenges in aviation
operations.

However, it should be noted that only one type of
innovative schedule in the intervention condition was
evaluated and operational and design constraints pre-
vented the examination of order effects. No flight vari-
ables or overall flight safety metrics were collected or
analyzed. Data regarding use of alertness strategies did
not provide a refined basis for better understanding
their use (e.g., duration, frequency, and timing) during
operations. Also, there is no information about poten-
tial long-term changes, for example, in the use of alert-
ness strategies.

The operational approach emphasized by the partic-
ipant airline necessitated the implementation of a prac-
tical and efficient (time and costs) program that was
sufficiently comprehensive to address the known com-
plexities associated with fatigue (13). This comprehen-
sive program had to demonstrate significant and oper-
ationally relevant outcomes. The program was not
intended, or conceived, to address the full range of
potential interventions or to determine the relative con-
tributions of any individual program component. These
considerations were beyond the operational interests
and scope of this project.

The innovative scheduling component that was im-
plemented as part of this AMP presented some chal-
lenges. The National Transportation Safety Board
(NTSB) continues to recommend that all modes of
transportation update the hours-of-service rules to in-
corporate and reflect current scientific knowledge on
sleep, circadian rhythms, and fatigue. This recommen-
dation remains on the NTSB’s Most Wanted List (10).
However, transportation industry efforts to address the
full range of hours-of-service issues and enact regulatory
change have occurred only in commercial trucking with

TABLE V. PVT METRICS BY CONDITION AND TRIP DAY.

Standard Intervention p

Day 1
Mean Speed (1/RT) 3.97 � 0.61 4.21 � 0.73 n.s.
Transformed Lapses 2.75 � 1.66 2.43 � 1.78 n.s.
10% Fastest (1/RT) 5.08 � 0.51 5.33 � 0.64 n.s.
10% Slowest (1/RT) 2.72 � 0.74 3.02 � 0.85 n.s.

Day 2
Mean Speed (1/RT) 3.63 � 0.78 4.42 � 0.69 0.01
Transformed Lapses 4.10 � 3.36 1.98 � 1.19 0.01
10% Fastest (1/RT) 4.78 � 0.66 5.57 � 0.61 0.01
10% Slowest (1/RT) 2.44 � 0.87 3.22 � 0.79 0.01

Values are mean � SD; n � 26. PVT � psychomotor vigilance task;
RT � reaction time; n.s. � not significant.
Response speeds are reported as 1/RT � 1000.
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recent Federal Motor Carrier Safety Administration ac-
tions. This project provides an example of how identified
fatigue factors in a specific schedule may be effectively
addressed by applying scientific knowledge and may lead
to improved sleep and performance during actual opera-
tions. By addressing specific fatigue factors, there is an
opportunity for a focused intervention and change. The
results demonstrated with the AMP, including the inno-
vative schedule, support the need to explore mechanisms
that will improve scheduling practices and reflect known
physiological principles related to sleep, circadian
rhythms, alertness, and performance.

Whenever shown to be useful during operational tests,
scientific data should be used to help shape policies and
practices. For example, on the background survey, “long
duty days” (49%) were reported as the second highest
contributor to fatigue in aviation operations. However,
this subjective survey finding is inconsistent with the ob-
jective data collected during actual operations. During the
intervention condition, flight times were longer but con-
ducted within a conservative duty time. This was associ-
ated with significantly more sleep on layover and better
performance in flight compared with the standard condi-
tion. It is critical to note that the innovative schedule in the
intervention condition incorporated sleep and circadian
physiological principles intended to address the known
fatigue factors identified on the standard schedule (spe-
cifically day sleep requirements and night flights) and
involved only day flights and night sleep. This also high-
lights the importance of differentiating between flight
time (time on task) and duty time (related to continuous
hours of wakefulness).

This operational evaluation examined the effects of a
comprehensive AMP that included multiple compo-
nents. This project was not designed to, and does not
provide information regarding the individual contribu-
tions of the AMP component activities to the overall
outcomes that were demonstrated. Therefore, it is not
possible to determine the relative contribution of the
individual AMP components to the results. Overall, the
full AMP component activities were associated with
statistically significant and consistent improvements in
sleep and performance. The available data do not allow
interpretation of how much improvement might be elic-
ited with only partial implementation of the AMP or the
use of only one component. Understanding the relative
contribution of each of the AMP components would be
informative; however, an extensive evaluation that con-
trolled for the different elements of the AMP was be-
yond the scope, cost, and time available for this specific
operational evaluation. To determine the relevant con-
tributions of individual components of an AMP or the
potential effectiveness of other interventions, further
research will be required.

Based on the significant, consistent, and operationally
relevant findings associated with the implementation of
the comprehensive AMP, the airline has plans to ex-
pand the program. The educational CD will be distrib-
uted to the current group of 1300 pilots at the airline,
with a 90-d requirement for completion. Educational
activities are in development that will extend beyond
the pilot group and provide information to mechanic,

ground crew, and in-flight groups. Also, an Alertness
Scheduling Group is in development that would pro-
vide a forum to examine current scheduling policies
and practices regarding fatigue factors. The intent is to
incorporate physiological principles related to sleep
and circadian rhythms that would improve sleep and
performance as demonstrated in the innovative sched-
ule implemented in this project.

A review of the scientific literature indicates that this
is the first operational evaluation of a comprehensive
AMP that included education, alertness strategies,
healthy sleep, and scheduling components. Research
activities will continue to refine knowledge regarding
fatigue in operations and basic findings regarding
sleep, circadian rhythms, alertness, and performance.
There is also an increasing interest in addressing the
known and established safety risks associated with fa-
tigue. Implementing a comprehensive AMP offers one
approach to minimizing fatigue-related safety risks and
enhancing alertness and performance. The statistically
significant and consistent findings demonstrated in this
operational evaluation of a comprehensive AMP hold
promise for this approach. Data from this operational
evaluation are now available to show that a compre-
hensive AMP can significantly increase knowledge,
support the use of alertness strategies, and improve
sleep and performance during actual operation of inno-
vative schedules in operational environments.
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TABLE A. DAILY DIARY SLEEP BY TIME PERIOD AND CONDITION.

Baseline Trip Recovery F p

Standard
TSTp (h)*†‡ 6.63 � 1.07 5.39 � 1.29 7.57 � 1.04 F(2,50) � 27.89 0.001
Sleep Quality Rating 3.49 � 0.55 3.47 � 0.70 3.80 � 0.68 F(2,50) � 2.13 n.s.

Intervention
TSTp (h)*† 6.73 � 0.86 7.42 � 0.96 6.76 � 1.05 F(2,50) � 5.11 0.01
Sleep Quality Rating 3.68 � 0.54 3.65 � 0.58 3.66 � 0.68 F(2,50) � 0.03 n.s.

Values are mean � SD; n � 26; n.s. � not significant.
TSTp � Total sleep time for primary sleep period (� 2 h).
Sleep Quality Rating were as follows: (1) � “very poor”; (3) � “fair”; and (5) � “very good.”
* indicates significant difference between baseline and trip periods at p � 0.01.
† indicates significant difference between trip and recovery periods at p � 0.01.
‡ indicates significant difference between baseline and recovery periods at p � 0.01.

TABLE B. PVT METRICS BY TIME PERIOD AND CONDITION.

Baseline Trip Recovery p

Standard
Mean Speed (1/RT)† 3.90 � 0.48 3.71 � 0.69 3.98 � 0.63 0.001
Transformed Lapses*† 2.84 � 1.40 3.81 � 2.73 2.91 � 1.63 0.05
10% Fastest (1/RT)*† 5.06 � 0.41 4.85 � 0.59 5.14 � 0.57 0.001
10% Slowest (1/RT)† 2.63 � 0.55 2.51 � 0.74 2.73 � 0.73 0.05

Intervention
Mean Speed (1/RT)*‡ 4.04 � 0.72 4.31 � 0.65 4.27 � 0.66 0.001
Transformed Lapses 2.59 � 1.48 2.19 � 1.38 2.21 � 1.44 n.s.
10% Fastest (1/RT)*‡ 5.15 � 0.64 5.44 � 0.55 5.44 � 0.62 0.001
10% Slowest (1/RT)§ 2.89 � 0.82 3.14 � 0.75 3.06 � 0.73 0.05

Values are mean � SD; n � 26 for the standard condition and n � 25
for the intervention condition.
Response speeds are reported as 1/RT � 1000; RT � reaction time;
n.s. � not significant.
* indicates significant difference between baseline and trip phases at
p � 0.01 and § at p � 0.05.
† indicates significant difference between trip and recovery phases at
p � 0.01.
‡ indicates significant difference between baseline and recovery
phases at p � 0.01.


