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PROGRAM

The Fatigue Countermeasures program sought
to collect systematic, scientific information on fa-
tigue, sleep, circadian rhythms, and in-flight opera-
tions. NASA identified three program goals:
1) determine the extent of fatigue, sleep loss, and
circadian disruption in flight operations; 2) deter-
mine how these factors affect flighterew perfor-
manee; and 3)develop and evaluate countermeasures
to mitigate adverse effects and maximize flight crew
performance and alertness. The research integrated
data from field studies during regular flight opera-
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tions, full-mission high-fidelity simulations, and con-
trolled laboratory experiments.

Research methods have varied over the past 10
years, depending on the specific question being ad-
dressed. Today’s diverse measures range from self-
report loghooks, to ambulatory recording of
physiological variables, to vigilance performance
measures (see Table 1 and Figure 2).

Study findings

Over the last 12 years, studies have been con-

ducted in many diverse settings and have provided
important scientific and operational information
that has been used in many different applications by
air carriers, individual pi-
lots, FAA, NTSB, and oth-
ers. (see Table 2 and Figure
1) Some examples illustrate Observational/behavioral data -
the results in different flight Maice ahd moita fun‘ctlontmg‘
environments. ty

The short-haul simula-
tion study was designed to
examine the effects of fatigue
on flight crew performance
variables that could be mea-
sured in a simulator (5). Surprisingly, the major
results did not address fatigue, but, instead, pro-
vided some of the original findings on the importance
of crew familiarity, coordination, and communica-
tion in flight operations. The results of this study
provided a foundation for
what today is identified as
crew resource management
(CRM).

The short-haul field
study examined fatigue, sleep
loss, and circadian disrup-
tion in short-haul flight op-
erations (2). The study
examined 74 pilots before,
during, and after 3 and 4
days of commercial short-
haul trips. A variety of mea-
sures were taken, including
physiological {core body tem-
perature and heart rate),
motor activity from the wrist,
subjective ratings of fatigue
and mood, and a log of sleep and other activities
(e.g., eating, exercising). Trips averaged 10.6 hours
of duty per day, involving an average of 4.5 hours of |
flight time and 5.5 flight legs.
The average rest period oc-
curred progressively earlier
on successive trip days and
was 12.5 hours long.

During the trip, pilots
took longer to fall asleep,
slept less, woke earlier, and
reported lighter and poorer
sleep (withmore awakenings)
compared to pre-trip sleep
patterns. Subjective fatigue
and mood were worse dur-



ing layovers compared to pre-trip, in-flight, or post-
trip levels. On trip days, pilots consumed more
caffeine (presumably to maintain alertness during
operations) and alcohol’ (presumably to “spin down”
after a duty day) and consumed more snacks earlier.
Also, pilot heart rate increased during descent and
landing (with greater increases for the flying pilot),
and the increase was greater under IMC than under
VMC. These results support the following conclusions:
B Regulation of duty hours should be considered,
just as flight hours are controlled.
B Rest periods should occur at the same time on
trip days or progressively later across days.
B Alternate techniques must be provided to relax
after flights, particularly strategies other than
the use of alcohol prior to sleep.

The North Sea helicopter study examined 32
helicopter pilots (average age 34 years) while they
provided regular support service from Aberdeen,
Scotland to oil rigs in the North Sea. Pilots were
studied before, during, and after 4 to 5 days on duty.

Continuous measurement of

heart rate, core body tem-

perature, and non-dominant

wrist activity were collected
with portable biomedical re-
corders. Pilots maintained
daily loghooks to record in-
formation about the timing,
quantity and quality of sleep,
food and fluid intake, medi-

Figure1: Over 500 pilots
have been studied in
many different types of
flight operations in
projects conducted all
over the world.

cations used, and medical
and physical symptoms. Other information collected
included fatigue and mood ratings every 2 hours while
awake and the workload for each segment flown.

The results showed that pilots were required to
wake up about 1.5 hours earlier on trip mornings,
compared to pre-trip. Although average duty ended
relatively early (1437 local time), pilots averaged
only 6.4 hours of sleep on layovers that lasted about
17 hours. As indicated in the study of short-haul
pilots, the physiological mechanisms controlling sleep
make it difficult to fall asleep earlier than habitual
bedtimes. Therefore, going to sleep earlier did not
compensate for the earlier report time, and pilots
averaged about 50 minutes less sleep on trip nights
compared to pre-trip levels. Subjectively, pilots rated
their post-trip sleep as better than that of trip nights and
deeper on post-trip than on pre-trip nights. This would
be the expected finding for pilots recovering from sleep
loss accumulated during trip days.

* Aleohol use was in accordance with the FARs.
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Pilot fatigue and negative mood ratings were
higher at the end of trip days compared to pre-trip
end-of-day ratings. On trip days, pilots consumed 42
percent more caffeine than on pre- and post-trip
days, and the number of physical complaints ex-
ceeded the level reported at home. Complaints of
headaches doubled, back pain reports increased
twelve-fold, and complaints of burningeyesincreased
four-fold. These helicopter pilots were three times
more likely to report headaches and five times more
likely to report back pain than were commercial
short-haul fixed wing pilots. The physical environ-
ment of the helicopter flightdeck (vibration, noise,
ventilation, and thermal comfort) is probably an impor-
tant contributing factor to these reported symptoms.

The international cooperative layover sleep
study involved the United Kingdom, Germany, Ja-
pan, and the United States. It examined changes in
sleep quantity and quality associated with multiple
timezone transitions in experienced international
air crews (11) and how changes in sleep affected
subsequentwakinglevels of sleepiness. Crewmembers
were monitored in sleep laboratories after westward
and eastward international flights, and a labora-
tory-based objective test of physiological sleepiness
was conducted throughout the next day.

Results showed that, generally, the flight crews
obtained adequate sleep during the layover by sleep-
ing efficiently at selected times or sleeping less effi-
ciently but staying in bed longer than their typical
sleep period. The study also confirmed findings
from laboratory studies on shifts of the internal
circadian clock: the natural “biological day” deter-
mined by the physiological clock that regulates the
sleep/wakefulness rhythm is usually longer than our
24 hour day—about 25 hours. Therefore, pilots
should more easily adapt when flying westward,
when the length of the day is extended (a phase delay
going with the natural rhythm of the clock), than
when flying eastward, when the day is shortened (a
phase advance). Accordingly, the circadian effect
should result in more disturbed sleep for eastward
than for westward flights. Generally, crews slept
slightly worse on layover, compared to home, but
they had more disturbed sleep following eastward
flights compared to westward flights. These distur-
bances were evident in the increased daytime sleepi-
ness exhibited in the new time zone.

Long-haul field studies. Another NASA study
documented how long-haul flight crews organize
their sleep during a variety of international trip
patterns and examined how duty requirements, lo-
cal time, and the circadian system affect the timing,



quantity, and quality of sleep (4).

Duty requirements and local time are external
or environmental constraints, while the internal
circadian system is a major physiological modulator
of sleep. Data were obtained from 29 male flight crew
members (average age 52) flying B-747 aircraft on
one of four commercial international trip patterns.
Self-reports of sleep timing, duration, and quality
were collected prior to, during, and following the trip
schedule. Core body temperature, heartrate, and activ-
ity (from the non-dominant wrist) were continuously
monitored with an ambulatory physiological recorder.
The core body temperature was used as a marker of the
underlying circadian time-keeping system.

Sleep/wake patterns on these trips were com-
plex, and, on average, duty periods lasted about
10.3 hours followed by 24.8-hour layovers.
Crewmembers generally defined two sleep episodes
during layovers. The circadian system had a greater
influence on the timing and duration of the first sleep
episode, with a preference for sleeping during the
local night. The time of falling asleep for the second
sleep episode was related to the amount of sleep
already obtained, and the duration was related to
the remaining time available before duty. The dura-
tionof bothsleep episodeswaslongerwhen crewmembers
fell asleep earlier in the circadian temperature cycle.
Naps were reported during layovers and about 11
percent of the available time on the flight deck.

Flight schedules caused the sleep/wake cycle to
differ from circadian rhythms, though the two sys-
tems were not completely uncoupled. The circadian
system continued to influence the timing and dura-
tion of sleep episodes. However, the circadian sys-
tem was unable to re-synchronize and quickly adapt
to rapid, multiple time-zone shifts. Current flight
and duty time regulations are intended to ensure
that reasonable minimum rest periods are available
for flight crews. This study demonstrates that com-
mercial long-haul flight schedules include physi-
ologically and environmentally determined preferred
sleep times on layover. Therefore, off-duty time
overstates the time available for sleep.

Fatigue countermeasures program

In 1991, the Fatigue/Jet Lag Program evolved
into the Fatigue Countermeasures Program to accel-
erate efforts to determine the consequences of sleep
loss and circadian disruption on flight crew perfor-
mance. The new program especially increased em-
phasis on the development and evaluation of
operational fatigue countermeasures in specifically
identified target areas. The recently completed

NASA/FAA study of planned
cockpit rest in non-augmented
three-personlong-haul flight op-
erations is a highly visible and
important example of this re-
newed emphasis on the develop-
ment and scientific evaluation
of fatigue countermeasures(14).

Planned cockpit rest
study. Sleep loss and circadian
disruption from long-haul flight
operations can result in fatigue,
increased sleepiness, and reduced performance.
Anecdotal, observational, and self-report sources indi-
cate that, to physiologically compensate for the sleep loss
and circadian disruption, unplanned sleep can oceur.
The purpose of this study was to determine the effective-
ness of a planned cockpit rest opportunity to maintain
and/or improve subsequent performance and alertness.

The study examined the middle four legs of a
regularly scheduled trans-Pacific trip. The B-747
volunteer crewmembers were randomly assigned to
either a Rest Group or No-Rest Group. Each of the
12 Rest Group crewmembers had a 40-minute rest
opportunity in the low workload cruise portion of
flights over water. Crewmembers rested one at a time
on a prearranged rotation. The nine No-Rest Group
crewmembers had a 40-minute control period iden-
tified during which they were instructed to continue
their regular flight activities.

Measures during the study flight legs included
continuous physiological monitoring of brain and
eye movement activity, a 10-minute test of vigilance/
sustained attention, and self-report ratings of alert-
ness and mood (see Figures 3 and 4). Before, during,
and after the 12-day trip schedule, crewmembers
wore activity monitors on their wrists and completed
daily logbooks documenting sleep and other activi-
ties. Rest Group erewmembers slept on 93 percent of
rest opportunities, falling asleep in 5.6 minutes and
sleeping for 26 minutes. These naps were associated
with the subsequent maintenance of initial perfor-
mance levels compared to decrements observed in
the No-Rest Group. Also, in the last 90 minutes of
flight, the No-Rest Group had twice as many events
indicating physiological sleepiness than did the Rest
Group. This brief “NASA nap” appeared to act as an
acute in-flight safety valve but did not affect the
cumulative sleep debt observed in 85 percent of the
crewmembers,

Advisory Circular. Based parltly on the results
of this NASA/FAA study, an industry-government
working group has drafied an Advisory Circular

Figure 2: These are
some of the different
scientific measures used
to collect information
during regular flight
operations. They can
provide continuous
physiological
measurements of brain,
eye, and muscle activity
to determine sleep/
wakefulness; continuous
hody temperature to
reveal the timing of the
hiological clock;
performance tests of
vigilance and sustained
attention; and a wrist
monitor that provides a
24-hour portrait of a
pilot’s rest/activity
pattern.
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Figure 3: This pilot is
completing a short
performance test (held
in his hands) that
evaluates vigilance
and sustained
attention while his
brain and eye
movement activity is
continvously
monitored (sensors on
his head and face).

Figure 4: The
information is brought
back to our laboratory,
where the intricate
brain and eye
movement recordings
are analyzed by highly
trained staff using
specialized computers.

(AC) currently under review by
the FAA. The AC outlines spe-
cific guidelines for developingand
implementing a program of con-
trolled rest on the flight deck.
Controlled rest, however, is just
one acute in-flight countermea-
sure and is not the answer for all
of the sleep loss and circadian
disruption engendered by long-
haul flight operations.

These examples systematically document the
extent to which sleep loss, circadian disruption, and
fatigue are concerns in all short- and long-haul flight
operations, whether they involve fixed wing aireraft
or helicopters. The research also provides a scientific
basis for developing and evaluating countermea-
sures to reduce the adverse effects of these factors.
Potential countermeasures can be objectively tested
in operational settings to determine their effective-
ness in maximizing crew performance and alertness.

Current activities

The NASA Ames Fatigue Countermeasures Pro-
gram is now involved in studies of on board crew rest
facilities on long-haul aireraft, continued examina-
tion of the cockpit rest data (e.g., layover sleep
strategies, relationship between performance and
physiological activity), the con-
tinued development, application,
and evaluation of other counter-
measure strategies (e.g., bright
light, exercise), and the imple-
mentation of an education and
training module on Alertness Man-
agement in Flight Operations.

NASA’s research has begun
to identify preventive and opera-
tional countermeasurestoreduce
fatigue (16). Examples of preven-
tive strategies, used prior to flight operations or on
layovers, include scheduling sleep during layovers,
organizing trip schedules, and napping. Operational
countermeasures are used in flight and are typically
acute, short-actingmethods to maintain performance
and alertness during actual flight operations. Ex-
amples include the use of caffeine, physical activity,
and, perhaps in the near future, controlled rest on
the flight deck.

Alertness Management in Flight Operations
education and training module. Based on 12 years
of extensive research, the NASA’s Fatigue Counter-
measures Program is preparing an education and
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training module on fatigue, sleep, and circadian
rhythms in flight operations (15). The module pro-
vides basic information about these factors, such as
how they are affected by flight operations, some
common misconceptions, and some recommenda-
tions for alertness management on the flight deck.
Generally, the information will involve live presen-
tations, complemented by a NASA Technical Memo-
randum to provide all presentation material and
other reference information. The module will be
available to anyone interested, with the hope that air
carriers, pilots, schedulers, pilot unions, govern-
ment agencies, flight attendants, and others will use
this resource. Write to the address below to request
the module.

Conclusions
More than a decade of research at NASA Ames

on pilot fatigue, sleep, and circadian rhythms has

identified new insights into crew fatigue. Some basic
findings include:

B Sleep loss and circadian disruption from long-
haul flight operations can result in fatigue, in-
creased sleepiness, and reduced performance.

B While on short-haul trips for 3 to 4 days, pilots
take longer to fall asleep, sleep less, awake
earlier, and report lighter and poorer sleep
compared to pre-trip sleep patterns.

B Pilots generally report feeling less well during
extended duty periods, but helicopter pilots on
short-haul flights for 4 or 5 days are far more
likely to report headaches and back pain than
are commercial short-haul fixed wing pilots,
probably due to the physical environment of the
helicopter flightdeck.

B Off-duty time overstates the time available for
sleep.

B Regulation of duty hours should be considered,
much like flight hours.

B Rest periods should occur at the same time on
trip days or progressively later across days.

B On layovers, experienced international flight
crews sleep efficiently at selected times or sleep
less efficiently but longer than normal, with a
preference for sleeping during local night.

B However, despite efficient or longer sleep dur-
inglayover, the circadian system is unable to re-
synchronize and quickly adapt to rapid, multiple
time-zone shifts.

B A brief inflight nap is an acuie in-flight safety
valve to improve performance and alertness on
long-haul flights, but naps do not affect the
cumulative sleep debt in most crewmembers.



As aircraft become increasingly more
automated and able to fly greater dis-
tances with smaller crews, maintaining
the safety margin will continue to be an
important consideration in all flight op-
erations. In the future, the human factor
(i.e., pilots, ground maintenance person-
nel, controllers, flight attendants, and
others) will remain critical components of
the aviation system. Therefore, the physi-
ological capabilities of humans regarding
sleep and circadian rhythms, and the im-
portance of maximizing performance and
alertness in flight operations, will con-
tinue to be important factors in flight safety,
performance, and productivity. *¥*
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Aviation Safety Hotline
(800) 255-1111

AA’s Aviation Safety
Hotline provides the
aviationindustry, as well
as the public, with a way
to report unsafe aviation
situations, improperrecord keep-
ing, or safety violations without
fear of recrimination. Nearly
7,000 reports have been taken from call-
ers to the hotline since its beginning in July
1985. In addition to alerting FAA safety
personnel and maintenance inspectors of
potentially unsafe conditions, the hotline
data base is used as a source for safety

analysis of unsafe maintenance and
aircrew practices; pilot and ground crew
service errors; runway incursions; air-
portsecurity violations; and other trends.
The data base is even used to monitor
indications of labor/management issues
such as pending airline employee strikes.
Enforcement or other appropriate action
is taken when: 1) investigations substanti-
ate that an unsafe condition exists; 2) a
violation of the Federal Aviation Regula-
tions has occurred; or 3) a company’s
approved operations or maintenance pro-
cedures have not been followed. ¥
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