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Subjective Measurements of In-Flight Sleep, Circadian
Variation, and Their Relationship with Fatigue

Margo J. van den Berg; Lora J. Wu; Philippa H. Gander

BACKGROUND: This study examined whether subjective measurements of in-flight sleep could be a reliable alternative to actigraphic

measurements for monitoring pilot fatigue in a large-scale survey.

METHODS: Pilots (3-pilot crews) completed a 1-page survey on outbound and inbound long-haul flights crossing 1-7 time zones
(N = 586 surveys) between 53 city pairs with 1-d layovers. Across each flight, pilots documented flight start and end
times, break times, and in-flight sleep duration and quality if they attempted sleep. They also rated their fatigue
(Samn-Perelli Crew Status Check) and sleepiness (Karolinska Sleepiness Scale) at top of descent (TOD). Mixed model
ANCOVA was used to identify independent factors associated with sleep duration, quality, and TOD measures. Domicile

time was used as a surrogate measure of circadian phase.

RESULTS: Sleep duration increased by 10.2 min for every 1-h increase in flight duration. Sleep duration and quality varied by break
start time, with significantly more sleep obtained during breaks starting between (domicile) 22:00-01:59 and 02:00-
05:59 compared to earlier breaks. Pilots were more fatigued and sleepy at TOD on flights arriving between 02:00-05:59
and 06:00-09:59 domicile time compared to other flights. With every 1-h increase in sleep duration, sleepiness ratings at

TOD decreased by 0.6 points and fatigue ratings decreased by 0.4 points.

pIscussioN: The present findings are consistent with previous actigraphic studies, suggesting that self-reported sleep duration is a
reliable alternative to actigraphic sleep in this type of study, with use of validated measures, sufficiently large sample

sizes, and where fatigue risk is expected to be low.
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physiological state of reduced mental or physical perfor-

mance capability resulting from sleep loss or extended
wakefulness, circadian phase, or workload (mental and/or
physical activity) that can impair a crewmember’s alertness
and ability to safely operate an aircraft or perform safety-
related duties”'? As humans function optimally with unre-
stricted sleep during the biological night, fatigue is inevitable
in 24/7 operations and, as a hazard to safety, must be managed
accordingly. Data-driven fatigue risk management systems
(FRMSs) are gaining traction as a more flexible approach for
managing pilot fatigue than prescriptive flight and duty time
limits. Using a safety management systems approach, FRMSs
require a closed process loop consisting of four steps: 1) moni-
toring pilot fatigue levels; 2) identifying when/where fatigue
could represent a hazard; 3) assessing the associated safety
risk; and 4) if necessary, implementing additional mitigation

I n commercial aviation, fatigue has been defined as “a

strategies to lower the risk, the effectiveness of which will be
evident in ongoing data collection in step 1.!?

Data for the FRMS process loop can come from routine
organizational data, for example, planned vs. actual sched-
ules worked, or no-blame pilot fatigue reports. However, in
some situations, pilot monitoring data are needed. Different
measures can be used for this purpose and their choice needs
to be appropriate to the anticipated levels of fatigue and safety
risk.>®!! Pilot monitoring data are relatively resource-intensive
and time-consuming to collect by comparison with routine
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operational data.>® The measures chosen and acceptable levels
for them (safety performance indicators or SPIs) must: be
agreed on by regulators, operators, pilots, and scientists as
being meaningful and reliable; not jeopardize pilots’ ability to
perform their operational duties; and have been widely used
in aviation, so that data can be compared between different
types of operations.>!!

Since performance tests and subjective ratings of fatigue and
sleepiness capture only certain aspects of waking function,
measuring pilots” sleep will arguably provide the most useful
information on their fatigue status, since inadequate sleep
affects many aspects of waking function.® Both the quantity and
quality of sleep will determine subsequent alertness levels.”!
Polysomnography (PSG) is recognized as the gold standard for
objectively measuring sleep and has been used in some flight
crew studies.**>?® However, measuring sleep with PSG is very
costly, time consuming, and intrusive, so actigraphy has been
widely used as a cheaper and less intrusive alternative.”!®%7
There are nevertheless significant equipment costs associated
with actigraphy, as well as the time required for collecting and
analyzing the data. Such cost and time requirements can be
important barriers to monitoring pilot sleep.

One study has compared 56 in-flight sleep episodes moni-
tored by actigraphy with pilots’ subjective estimates during a
single break in the bunk on long-haul flights (mean actigraphic
sleep duration on the outbound flight = 2.77 h, on the inbound
flight = 4.42 h). For sleep duration, there was a reasonable cor-
relation between the two measures (R* = 0.63), but with greater
variability in the subjective estimates. On the other hand, only
weak correlations were found between subjective sleep quality
and actigraphic measures of sleep quality (mean activity score,
fragmentation index). In addition, correlations for both sleep
duration and quality decreased as sleep became shorter and
more disrupted.'

A more recent study compared bunk sleep recorded with
PSG, actigraphy, and self-report from 21 pilots during a 7-h in-
flight rest break on ultra-long haul aircraft delivery flights.
While average self-reported sleep duration was similar to the
average sleep duration recorded with PSG, this study also found
only a weak relationship between subjective sleep quality and
PSG sleep efficiency.” Pilots overestimated their sleep on aver-
age by 11 min for sleep durations averaging 175 min, but there
was large variability between individuals in the reliability of
their estimates. Taken together, the findings of both studies
indicate that self-reported sleep duration is unreliable for esti-
mating the sleep durations of individual pilots, but that it may
be a suitable, inexpensive, and easily-obtained measure for esti-
mating average sleep duration in a large group of pilots.

The data analyzed in this paper come from a project that
was designed to evaluate the potential safety risk associated
with new requirements on the distribution of in-flight rest
breaks that were introduced by the U.S. Federal Aviation
Administration (FAA) in 2012.% It requires that the pilot flying
during landing has at least 2 consecutive hours in the second
half of the flight duty period available for in-flight rest and
that the pilot monitoring at landing has a minimum break of

90 min during the flight duty period. The intent of these pro-
visions is to protect the alertness of the landing pilot by pro-
viding an adequate opportunity for in-flight sleep and limiting
time awake at top of descent, as well as ensuring an acceptable
level of alertness of the pilot monitoring by providing a mini-
mum opportunity for in-flight sleep. These requirements were
designed for longer flights with four-pilot crews, but had the
unintended consequence of forcing the landing pilot on
shorter three-pilot flights to always take the last in-flight rest
break. This contradicted the established practice of landing
pilots on three-pilot flights most commonly selecting the sec-
ond rest break, which often falls between meal services and,
therefore, has the least disruption from activities in the pas-
senger cabin. In addition, depending on the timing of the
flight, the last rest break does not always provide the best sleep
opportunity relative to the circadian pacemaker cycle. The
project was considered low risk because it monitored pilots in
three-person crews following their established practice of
choosing in-flight rest breaks. There was no evidence that this
causes elevated fatigue or safety risk, whereas the new regula-
tory requirement was untested.

To address this issue, the FAA and the airline scientific advi-
sory team agreed on a study to compare sleep duration and
quality of pilots in three-person crews taking the second vs. the
third rest break on flights with landing times in three 4-h time
bins: 02:00-05:59 and 06:00-09:59, when sleepiness and
fatigue were expected to be high, and 22:00-01:59, when it was
expected that in-flight sleep would be more difficult because
these flights traversed the evening wake maintenance zone. The
type of monitoring undertaken in this type of study should be
commensurate with the expected level of safety risk.!' An acti-
graphic study (estimated N required = 210 pilots) was consid-
ered inappropriate relative to the expected level of fatigue and
safety risk. Therefore, a prospective survey study was under-
taken using subjective measurements of in-flight sleep duration
and quality. The aim of the present analysis was to determine
whether subjective measurements of in-flight sleep collected in
this large-scale survey reliably reflected fatigue during flight
operations in relationship to: 1) expected circadian variation in
these measures; and 2) findings from comparable analyses of
data from a large multi-airline database in which sleep was esti-
mated with actigraphy.®”

METHODS

Subjects

The study was registered as a low-risk study with the Massey
University Human Ethics Committee: Southern A, which is a
registered Institutional Review Board (IRB # 00006014, FWA
#00011627). This means that the project was evaluated by
peer review and judged to be low risk and a full ethics applica-
tion was not required. Participation was voluntary and data
confidentiality was strictly maintained. At the end of their
participation, pilots were reimbursed per day of participation
according to the conditions of an industrial agreement.
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Materials

Pilots were asked to complete a one-page survey for an out-
bound flight and a one-page survey for the subsequent inbound
flight. For each flight they were asked to record: times of
blocks off (when the aircraft is pushed back from the depar-
ture gate) and blocks on (when the aircraft arrives at the des-
tination gate); which rest break they took and when it began
and ended; whether they tried to sleep; and if they slept, to
estimate how long they slept. If they slept, pilots were asked
to rate their sleep quality on a scale from 1 = extremely good
to 7 = extremely poor.”> They were also asked to rate their
sleepiness at top of descent (TOD; the beginning of a high
workload phase of flight where the procedures for landing are
initiated) on the Karolinska Sleepiness Scale (1 = extremely
alert, 3 = alert, 5 = neither sleepy nor alert, 7 = sleepy, but no
difficulty remaining awake, or 9 = extremely sleepy, fighting
sleep) and their fatigue at TOD on the Samn-Perelli Crew Sta-
tus Check (1 = fully alert, wide awake, 2 = very lively, respon-
sive, but not at peak, 3 = okay, somewhat fresh, 4 = a little
tired, less than fresh, 5 = moderately tired, let down, 6 =
extremely tired, very difficult to concentrate, or 7 = com-
pletely exhausted, unable to function effectively).

The Karolinska Sleepiness Scale (KSS) has been validated'®
and is used to measure subjective sleepiness in both laboratory’
and field studies.”!° In controlled laboratory studies, values of
7 and above on the KSS have been associated with the occur-
rence of microsleeps (very short periods of uncontrolled sleep).!

The Samn-Perelli Crew Status Check (SP) was developed
specifically for use with flight crew.?>** It has been used in stud-
ies focused on sleep loss, fatigue, and performance of flight
crew, %2022 ag well as in laboratory studies.? There is less empiri-
cal evidence for a cutoff on the SP. However, airlines have been
using values of 5 and above to indicate excessive pilot fatigue.!”

Procedure

The airline provided information on the class of rest facility
available for each study flight. All pilots eligible to fly the
Atlanta-based trips targeted for the study were initially noti-
fied about the study via the company intranet and could
contact the study team for further information. The targeted
long-haul trips were operated by three-person crews consist-
ing of a pilot flying, pilot monitoring, and a relief pilot. Each
pilot was provided with one scheduled in-flight rest break on
every flight. All pilots were acclimated to their base time at the
beginning of their flight duty period and, to minimize circa-
dian adaptation to the destination time zone, targeted trips
were selected that had short, 1-d layovers between the out-
bound and inbound flights.

Study packages were made available in the briefing cubicle
before each study trip, to be returned by mail after the return
flight. The study package included: a numbered copy of the
survey which did not include personal identifying information;
an information sheet describing the study and what would be
involved if a pilot chose to participate; a letter of support from
the airline; a return envelope; and a payroll slip to claim reim-
bursement for their participation. The pay code used was a
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“miscellaneous additional flight time” so that study participa-
tion could not be tracked through the payroll system.

Data from the surveys were entered into a database and all
records were cross-checked against the flight information pro-
vided by the airline. All departure and arrival times and break
start times were converted to domicile time (the time zone of
the pilot’s crew base). This was assumed to be a reasonable
surrogate measure for pilots’ circadian phase on outbound
and inbound flights, since minimal circadian adaptation was
expected during the 1-d layovers. Domicile break start times
and arrival times were categorized in the following 4-h time
bins: 02:00-05:59; 06:00-09:59; 10:00-13:59; 14:00-17:59,
18:00-21:59, and 22:00-01:59.

Statistical Analysis

Descriptive statistics were calculated using IBM SPSS version 21
(IBM Corp, 2012). Chi-squared tests were undertaken in SAS
9.3 (SAS Institute Inc., 2010). For significant effects, Tukey-type
adjustment was used for post hoc pairwise comparisons. Lin-
ear mixed model analyses of covariance (ANCOVA) were also
undertaken in SAS 9.3. To account for individual differences,
participant ID was included as a random effect using the
‘variance components’ covariance structure. The Kenward-
Roger adjustment was applied to the degrees of freedom esti-
mation. For each model, normality of residuals was evaluated
visually in addition to using the Shapiro-Wilk statistic. The
equality of variance between groups was tested using Levene’s
test. If variances were not constant, then a more conservative
P-value threshold was used (P < 0.01 instead of P < 0.05).
Where outliers were identified, details are provided with the
results. Where main effects were statistically significant, the
level of significance of post hoc t-tests was adjusted for mul-
tiple comparisons using the Holm method. Model structures
are described in detail with their findings in the Results sec-
tion below.

RESULTS

From December 2014 to May 2015, 617 surveys were com-
pleted on 131 of the 133 targeted study trips (outbound-
inbound) by 298 pilots (1 pilot completed a survey for the
outbound flight only; 9 pilots completed 4 surveys on 2 con-
secutive trips; and 1 pilot completed 6 surveys on 3 consecutive
trips), resulting in a participation rate of 77%. Of these 617 sur-
veys, 23 were excluded from the analyses reported here because
they had 4-pilot crews instead of 3-pilot crews (including train-
ing and line check flights) and 8 surveys were excluded because
they were completed on aircraft with Class 1 rest facilities with
lie-flat bunks (all other surveys were completed on aircraft
with Class 2 rest facilities, which is a seat in the aircraft cabin
that allows for a flat or near-flat sleeping position and is sepa-
rated from passengers by a minimum of a curtain to provide
darkness and some sound mitigation). The remaining 586 sur-
veys completed on flights flown between 53 different city pairs
included 163 surveys completed on eastward outbound flights,
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162 completed on westward inbound flights, 130 completed on
southward outbound flights, and 129 completed on northward
inbound flights. Surveys completed on one westward outbound
flight and one eastward inbound flight were excluded from the
analyses because of their unique flight directions. Flight dura-
tions ranged between 6.3-11.9 h and crossed 1-7 time zones
(adjusted for daylight saving where appropriate).

The number of observations for each domicile time bin is
summarized in Table I. Since there were insufficient data in
break start time bin 14:00-17:59 and in arrival time bin 18:00-
21:59, these time bins were excluded from the respective analy-
ses. Flight direction (eastward outbound; southward outbound;
westward inbound; northward inbound) was confounded with
domicile departure time bin and therefore not considered in
the present analyses.

As shown in Table II, the majority of pilots attempted sleep
during their scheduled rest break. While there was no differ-
ence by rest break number in terms of the proportion of pilots
attempting sleep [x*(2) = 1.5804, P = 0.4538], this proportion
did vary depending on the domicile break start time [x*(4) =
13.8684, P = 0.0077]. Post hoc pairwise comparisons showed
that the proportion of pilots attempting sleep during breaks
starting between 18:00-21:59 was significantly smaller than the
proportion of pilots attempting sleep during breaks starting
between 22:00-01:59 and 02:00-05:59.

To identify independent predictors of self-reported sleep
duration and sleep quality, mixed model ANCOVAs were run
which included the following factors: participant ID (random
factor); domicile break start time (02:00-05:59, 06:00-09:59,
10:00-13:59, 18:00-21:59, and 22:00-01:59), rest break number
(first, second, or third), and flight duration (continuous variable).
For the sleep duration model, crew who did not attempt sleep
(N = 28) were included (sleep duration = 0 min). Since sleep
quality could only be rated if sleep was attempted, pilots who did
not attempt sleep were excluded from the sleep quality model.

Sleep duration varied with flight duration, rest break num-
ber, and domicile break start time (Table III). For every 1-h
increase in flight duration, sleep duration increased by 10.2
min. Post hoc pairwise comparisons showed that pilots taking
the first rest break obtained significantly less sleep than pilots
taking the second break [¢(346) = —7.19, P < 0.0001] or third
break [#(431) = —5.05, P < 0.0001]. Sleep durations were not
significantly different between the second and third breaks. As
shown in Fig. 1, pilots obtained significantly more sleep during

Table I. Number of Observations in Each 4-h Time Bin.

breaks starting between 02:00-05:59 (domicile time) than in
breaks starting between 06:00-09:59 [#(442) = 3.90, P = 0.001],
10:00-13:59 [#(464) = 3.49, P = 0.0042], and 18:00-21:59
[t(376) = 5.14, P < 0.0001]. Pilots also obtained significantly
more sleep during breaks starting between 22:00-01:59 (domi-
cile time) in comparison to breaks starting between 18:00-21:59
[1(469) = —2.87, P = 0.03].

Sleep quality varied with rest break number and domicile
break start time (Table III). Pilots taking the first rest break
reported poorer sleep quality than pilots taking the second
break [#(321) = 6.18, P < 0.0001] or the third break [t(394) =
3.85, P = 0.0003]. Pilots taking the third break also reported
poorer sleep quality than pilots taking the second break [#(344) =
—2.13, P = 0.0340]. As shown in Fig. 2, sleep quality was rated
as significantly better for breaks starting between 02:00-05:59
(domicile time) than for breaks starting between 18:00-21:59
[t(346) = —3.96, P = 0.0009] and 22:00-01:59 [t(408) =
—2.93, P = 0.0322).

The mixed model ANCOVAs for subjective sleepiness and
fatigue at TOD included the following factors: participant ID
(random factor), domicile arrival time bin (02:00-05:59,
06:00-09:59, 10:00-13:59, 14:00-17:59, and 22:00-01:59), rest
break number (first, second, or third), and sleep duration
(continuous). Both sleepiness and fatigue ratings varied with
sleep duration, rest break number, and domicile arrival times
(Table IIT). With every 1-h increase in sleep duration, sleepi-
ness ratings decreased by 0.6 points and fatigue ratings
decreased by 0.4 points. Post hoc pairwise comparisons
showed that pilots taking the first break were significantly
sleepier at TOD than pilots taking the second break [#(352) =
7.31, P < 0.0001] or third break [#(406) = 4.69, P < 0.0001].
Pilots taking the second break were also less sleepy at TOD
than pilots taking the third break [t(366) = —2.47, P =
0.0141]. Similarly, pilots taking the first break were signifi-
cantly more fatigued at TOD than pilots taking the second
break [t(356) = 6.92, P < 0.0001] or the third break [t(411) =
3.99, P = 0.0002]. Pilots taking the second break were also less
fatigued at TOD than pilots taking the third break [#(370) =
—2.82, P = 0.0051]. As shown in Fig. 3, pilots were signifi-
cantly sleepier at TOD on flights arriving between 02:00-05:59
domicile time than on flights arriving between 10:00-13:59
[£(462) = 4.95, P < 0.0001], 14:00-17:59 [#(427) = 5.92, P <
0.0001], and 22:00-01:59 [#(506) = 4.48, P < 0.0001]. Pilots were
also significantly sleepier at TOD on flights arriving between

06:00-09:59 than on flights arriv-
ing between 10:00-13:59 [t(452)

N, DOMICILE BREAK START TIME

= 6.21, P < 0.0001], 14:00-17:59
[1(470) = 6.89, P < 0.0001], and

N, DOMICILE ARRIVAL TIME

SLEEP DURATION* SLEEP QUALITY* KSS SAMN-PERELLI
02:00-05:59 121 17 187 186 22:00-01:59 [#(482) = 6.04, P <
06:00-09:59 68 60 126 126 0.0001]. Post hoc findings for
10:00-13:59 50 44 64 64 fatigue ratings at TOD were iden-
e 281 24! [ Ui tical to the sleepiness ratings and
18:00-21:59 138 18 20" 20 are shown in Fig. 4
22:00-01:59 176 169 107 107 8 &

*Including 28 pilots who did not attempt sleep (sleep = 0 min).
" Excluded from analyses because Ns too small.
* Excluding pilots who did not attempt sleep.
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Table Il. Number of Pilots Who Reported Attempting and Obtaining Sleep. had access to Class 1 rest facili-

ties with lie-flat bunks, whereas

ATTEMPTED OBTAINED
DOMICILE BREAK SLEEP SLEEP pilots in the present study had
START TIME YES NO % WHO ATTEMPTED YES NO %WHOSLEPT  Class 2 rest facilities (a parti-
02:00-05:59 120 2 983 12 10 918 tioned-off seat in the passenger
06:00-09:59 64 4 94.1 61 7 89.7 cabin that allows horizontal
10:00-13:59 46 5 0.2 41 10 804 or near-horizontal rest). Both
1;88:;?2 125 13 906 100 38 725 studies used time in the pilots
22:00-01:59 173 4 977 158 19 893 domicile time zone as a surro-
19 break 157 11 935 123 45 732 gate measure of circadian phase,
2" preak 185 7 %4 173 19 90.1 assuming minimal circadian
3 break 186 10 94.9 176 20 89.8

adaptation to the layover time

at TOD that included flight duration instead of sleep duration
(these two variables were colinear). Flight duration was not a
significant predictor of either subjective sleepiness or fatigue
at TOD.

DISCUSSION

This large-scale survey (N = 584) study examined relationships
between subjective sleep duration and key operational factors
on long range flights (flight duration = 6.3-11.9 h, crossing 1-7
time zones, 1-d layovers between outbound and inbound
flights), as well as examining relationships between subjective
sleep duration and pilots™ ratings of sleepiness and fatigue at
TOD. The reliability of these subjective sleep estimates for mon-
itoring pilot fatigue during flight operations is considered below
in relationship to: 1) expected circadian variation in these mea-
sures, from laboratory studies; and 2) findings from compara-
ble analyses of data from a large multi-airline database with 730
long range and ultra-long range flights (flight duration = 9.8-
18.3 h, crossing 5-12 time zones, 1-3 d layovers between
outbound and inbound flights).%” Pilots on these longer flights

Table lll. Effect of Domicile Break Start Time, Rest Break Number, and Flight Duration on Self-Reported Sleep

Duration and Sleep Quality.

zone.

Findings in the present study highlight that sleep was more
difficult during breaks that started in the 18:00-21:59 time
window, which corresponds with the expected time of the
evening wake maintenance zone.'*?® In this time-window, the
proportion of pilots who reported obtaining sleep was lowest
(73%), the amount of sleep reported was significantly less
than for pilots on breaks starting later (Fig. 1), and sleep qual-
ity ratings were poorest (Fig. 2). Conversely for breaks starting
in the 02:00-05:59 time-window; the proportion of pilots who
reported obtaining sleep was highest (92%), the reported
amount of sleep obtained was highest (Fig. 1), and sleep qual-
ity was rated as best (Fig. 2). This corresponds to the expected
time of the window of circadian low (WOCL), when sleepiness
is expected to be greatest.”* In the large multi-airline database,
in-flight sleep measurements were analyzed with respect to the
domicile time from which flights departed rather than the start
time of rest breaks, since on these longer flights, the majority of
pilots had two in-flight rest breaks each.® Despite the differ-
ences between studies, the independent contribution of domi-
cile time of day to variation in total (actigraphic) in-flight sleep
in the multi-airline study was similar to that seen for subjective
in-flight sleep in the present study.

In the present study, mixed
model ANCOVA found that for
every 1-h increase in flight dura-

tion, reported total in-flight

MEASUREMENT N (USED)/N (TOTAL) FIXED EFFECTS DF F-VALUE P-VALUE

Self-reported sleep 552/556* Break start time (domicile) 4,449 892 <0.0001 Sleep increased by an estimated
duration 10.2 min after controlling for rest
Rest break 2,378 2681 <00001  break number and break start
Flight duration 1,482 31.72 <0.0001 time (domicile time). In the large
Self—reported sleep 507/528" Break start time (domicile) 4,411 4.57 0.0013 multi-airline database, the com-
quality Rest break 2,348 1917 00001  Parable analysis found that for
Flight duration 1,462 089 03460  every 1-hincrease in flight dura-
KSS rating 559/564 Arrival time (domicile) 4,419 18.77 <00001  tion, total actigraphic in-flight
Rest break 2,372 27.01 <00001  gleep increased by an estimated
A A S\efep d\ljration B 1,550 36.20 <0.0001 10.1 min after controlling for
SP fatigue rating 559/564" Arrival time (domicile) 4,423 16.97 <0.0001 flicht directi domicile depar-

Rest break 2,376 2395 <0.0001 1ght direction, domicile depa
Sleep duration 1,551 4115 <0.0001 ture time, and crew position

* Residual distribution slight negatively skewed and variance not constant for rest break and flight duration; therefore a more
conservative alpha level of 0.01 was used. However, results did not change when residual distribution was normalized with reflect and

square-root transformation.

"Variance not constant for rest break.

*Includes 5 outliers, variance not constant for sleep duration, rest break, and arrival time.
9 Includes 4 outliers, variance not constant for sleep duration.
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Fig. 1. Least square means (* 1 SEM) self-reported sleep duration (min) by
domicile break start time bin; *P < 0.05; **P < 0.01; ***P < 0.001.

during flights arriving between 02:00-05:59 and 06:00-09:59,
which is consistent with previous laboratory>** and field stud-
ies.%” For every 1-h increase in self-reported sleep duration,
sleepiness ratings at TOD decreased by an estimated 0.6 points
and fatigue ratings at TOD by 0.4 points. By comparison, in
the large multi-airline database, for every 1-h increase in acti-
graphically recorded total in-flight sleep, sleepiness ratings
decreased by an estimated 0.3 points and fatigue ratings by an
estimated 0.2 points after controlling for domicile arrival
time, flight direction, and crew position.” Taking into consid-
eration the operational differences between studies (three-
pilot versus four-pilot crews, rest break patterns, crew rest
facilities, and flight duration), these comparisons suggest that
subjective sleep duration is a useful predictor of pilot sleepi-
ness and fatigue at TOD.
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Fig. 2. Least square means (= 1 SEM) self-reported sleep quality by domicile
break start time bin; *P < 0.05; ***P < 0.001.
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Fig. 3. Least square means (= 1 SEM) Karolinska Sleepiness Scale ratings (KSS)
by domicile arrival time bin; ***P < 0.001.

Other findings that support the usefulness of subjective
measures are the independent relationships between which rest
break pilots took (first, second, or third) and their reported in-
flight sleep, and sleepiness and fatigue at TOD after controlling
for the circadian timing of the break or flight arrival. Pilots tak-
ing the first break obtained less sleep and reported poorer qual-
ity sleep than those taking the second or third break. This is
consistent with previous studies and is possibly attributable to
pilots taking the first rest break being awake a shorter time since
their last sleep episode on the ground.'>! Sleep quality was also
rated as poorer in the third rest break than the second rest
break. Pilots’ comments indicate that this may be related to dis-
turbances associated with the passenger meal service during
the third break (the Class 2 rest facility is located in the main
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Fig.4. Leastsquare means (= 1 SEM) Samn-Perelli fatigue ratings (SP) by domi-
cile arrival time bin; ***P < 0.001.
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passenger cabin). The finding that pilots taking the first break
felt more sleepy and fatigued at TOD compared to crew taking
the second or third break is consistent with the findings of the
multi-airline study, which showed that the duration of time
awake at TOD was a significant predictor of subjective fatigue
and sleepiness after controlling for flight duration, flight type,
total sleep in the 24 h prior to TOD, and domicile arrival time.”
In conclusion, the present findings suggest that self-reported
sleep duration can be a reliable alternative to actigraphically
recorded sleep in field studies monitoring pilot fatigue if they
have sufficiently large sample sizes, use validated measures, and
where operational fatigue risk is expected to be low. A common
concern about subjective measures is that pilots may be influ-
enced by industrial motivations, frustrations with the airline,
or other factors when providing subjective data. The relation-
ships seen in the present study with operational factors and
circadian variation suggest that the influence of these factors
is sufficiently strong to be evident despite potential individual
biases in reporting, provided that a large enough group of pilots
is studied. Commercial airline pilots in the United States are
required to have recurrent fatigue risk management education/
training, which includes discussion of the reliability of self-
assessment. Pilots’ confidence in the airline’s safety culture
would also be expected to play a role in the reliability of sub-
jective measures, as would their understanding of the impor-
tance of their personal role in reporting fatigue hazards.'"!?
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