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Investigating the causes and
consequences of controlled rest
on the flight deck

Cassie J. Hilditch™, Lucia Arsintescu’, Sean Pradhan?,
Kevin B. Gregory® and Erin E. Flynn-Evans’

'Fatigue Countermeasures Laboratory, Department of Psychology, San José State University, San José,
CA, United States, ?School of Business, Menlo College, Atherton, CA, United States, *Fatigue
Countermeasures Laboratory, Human Systems Integration Division, NASA Ames Research Center,
Moffett Field, CA, United States

Introduction: Fatigue is a known issue in aviation due to long and irregular
working hours. In some regions, pilots are permitted to sleep during a controlled
rest period on the flight deck to manage unexpected sleepiness. We aimed to
determine: (1) the relative influence of pre-flight sleep-wake history and time of
day on the likelihood to take controlled rest; (2) whether neurobehavioral
measures taken pre-flight are predictive of controlled rest use in-flight; and (3)
the impact of controlled rest on neurobehavioral measures at top-of-descent.
Methods: Data from 120 long (>6 h flight duration), unaugmented (two-pilot)
flights were analyzed (n =31 pilots). Pilots wore actiwatches and completed
sleep logs before and during trips. At pre-flight and top-of-descent, pilots
completed a 5-min psychomotor vigilance task (PVT) and Karolinska Sleepiness
Scale (KSS). A series of mixed-effects models with relevant covariates were
conducted to assess the likelihood of controlled rest based on several predictors
and the impact of controlled rest on outcome measures at top-of-descent.
Results: Pilots were more likely to take controlled rest on night flights [p =.01,
75 =13, OR=13.81, 95% Cl: (199, 95.80)] and when pre-flight sleepiness
ratings were higher [p=.01, 75=.14, OR=4.14, 95% CI: (148, 11.57)l. Pilots
who took controlled rest had faster response speeds [1000/reaction time (ms)]
[p=.03, 55 =0.07; estimated marginal mean (EMM) = 4.19, standard error (SE)
=0.07, 95% CI: (4.08, 4.29)] than those who did not [EMM =4.00, SE = 0.05,
95% Cl: (3.86, 4.14)].

Discussion: Our results suggest that taking controlled rest may improve vigilant
attention at critical phases of flight and may be a useful fatigue management
tool, particularly during unaugmented night flights. Further research is needed
to determine the impact of psychological and cultural influences on
controlled rest and to understand how the policy is applied in practice.
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Under European Aviation Safety Agency (EASA) regulations, an acclimatized
(biological clock aligned with the time zone), unaugmented (two-pilot) crew can
operate a flight duty period with a single flight of up to 13 h depending on the start
time of the duty (1). In an unaugmented crew, pilots do not have the opportunity to
leave the flight deck to take scheduled in-flight rest in a designated bunk. Instead, in
Europe and some other regions, a fatigue mitigation strategy called controlled rest is
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available to pilots who experience unanticipated sleepiness in-
flight. Controlled rest refers to a pilot taking a brief nap on the
flight deck within a set of clearly defined guidelines as outlined
by an airline’s fatigue risk management system policy (2).

Although the potential benefits of controlled rest need to be
weighed with the risks, studies across a range of aviation
operations and regions consistently show that napping on the
flightdeck occurs both intentionally (3, 4) and unintentionally
(3-7), even where controlled rest is not allowed. In a real-world
incident, both pilots operating an aircraft over Hawaii fell asleep
causing them to miss the destination and be uncontactable for
18 min (8). These studies and events demonstrate a role for
controlled rest as a way to formalize procedures within safety
guidelines and, thus, reduce the risk of uncontrolled napping on
the flight deck.

A survey of pilots operating under regulations which allow
controlled rest found that 52% of pilots reported having used
controlled rest in the past 12 months, with some reporting use of
the countermeasure 13 times (9). However, for those pilots for
which controlled rest is a legal option, unintentional sleep still
occurs on the flight deck (10, 11). In a recent survey of nearly
7,000 European pilots, 76% of respondents reported experiencing
at least one brief, uncontrolled sleep episode during flight in the
past month (10). There are also real-world incidents involving
non-compliant controlled rest periods (i.e, implemented in

breach of standard operating procedures) (

). These surveys
and incidents point to a need for a greater understanding of how
controlled rest is being used in practice, and the importance of
education for pilots to understand the foundation of the policy.

Previously, our group has characterized a cross-sectional view of
the prevalence and distribution of controlled rest in long-haul flights,
regardless of crew complement (ie., augmented or unaugmented)
(15). Controlled rest was taken on nearly half (46%) of all
observed flights, especially on unaugmented and nighttime flights
returning to base (15). Other studies have also identified peaks in
controlled rest use at night (16, 17). However, there is limited
research on other individual physiological and neurobehavioral
factors that are associated with the use of this countermeasure.

Early experimental studies of short naps taken on the flight deck
show that, on average, 26 min of sleep can be achieved in a 40-min
nap opportunity (5). Such naps are associated with improvements to
objective alertness (as measured using polysomnography) and
objective performance (as measured by the psychomotor vigilance
task, PVT) during the final, critical stages of flight (5, 18). These
studies demonstrated the efficacy of short naps in an operational
context under planned intervention conditions in which pilots
were assigned a rest period. Currently, the effectiveness of
controlled rest taken at a pilot’s discretion is unknown.

We aimed to determine: (1) individual-level predictors of the
likelihood of taking controlled rest; and (2) the impact of
controlled rest on self-rated sleepiness and cognitive performance
at top-of-descent in unaugmented crew flying normal long-haul
operations. Understanding why controlled rest is taken and
whether it is effective in promoting alertness and performance at
critical phases of flight will help to inform guidance on the best
practices for the use of this countermeasure (19, 20).
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2.1 Participants

All pilots flying long-haul operations (flights >6.5h) for a
European airline were invited to participate in the study. There
were no exclusion criteria applied within this population. All
participants provided informed consent. The study was approved
by the Institutional Review Board at NASA Ames Research
Center (Protocol HRI-346).

2.2 Protocol

Each participant collected data over an approximately 14-day
period of normal scheduling between May and October.
Participants used a sleep log in a custom-built application
(NASA PVT +app) on an iPod touch (6th gen, 10.3.3, Apple
Inc., Cupertino, CA, USA) to record all sleep periods during the
study including pre-flight, in-flight (e.g., controlled rest), layover,
and post-flight rest periods. To objectively monitor sleep-wake
(Actiwatch
Spectrum PRO, Philips Respironics, Murrysville, PA, USA) on

activity, participants wore an activity monitor
their non-dominant wrist. Actigraphy was recorded in 1-minute
epochs. The start and end of rest opportunities were defined by
data provided by the pilots in the sleep log and applied
according to internal standard operating procedures for
actigraphy scoring. Actiware software (v6.0.9, Philips Respironics,
Murrysville, PA, USA) was then used to estimate sleep duration
within these rest periods. The software was set to the medium
threshold (wake threshold 40) with sleep onset/offset thresholds
set at 10 min of immobility (21). Participants completed the
Karolinska Sleepiness Scale (KSS) and a 5-minute psychomotor
vigilance task (PVT) (22, 23) at pre-flight, top-of-descent in-
flight, and post-flight for each flight.

Researchers provided training on equipment use and study
procedures, but they did not provide additional guidance on
controlled rest. Pilots had previously received training on controlled
rest use through the airline directly. The airline provided flight

schedule data as flown.

2.3 Data analysis

Descriptive statistics were calculated for sleep and
flight characteristics.

Two mixed-effects logistic models were constructed to test for
the predictive utility of candidate variables in taking controlled rest.
The first model (Model 1) incorporated sleep and flight variables
including: (1) total sleep duration in the prior 24 h; (2) total
sleep duration in the prior 48h; (3) number of hours of
continuous wakefulness; and (4) timing of the flight (night=
flight touched 0200-0459, relative to homebase time) (24). Sleep
variables were measured relative to flight departure time.
The second model (Model 2) assessed the predictive utility of

pre-flight neurobehavioral measures including: (1) KSS score;
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TABLE 1 Participant demographics.

N %

Male 28 90
Captain 15 48

Mean (SD) Range
Age (years) 45.5 (10.1) 30-60
BMI (kg/m?) 25.2 (2.6) 20.8-33.2
Experience (total commercial flight hours) 10,492 (5,384) 4,000-20,000
Self-reported sleep need (hours) 7.8 (0.8) 6-9

SD, standard deviation; BMI, body mass index; kg/m?, kilograms per meter squared.

(2) PVT speed [1,000/Reaction Time (RT, ms)]; and (3) PVT lapses
(RT > 500 ms). For both models, participant was entered as a
random intercept effect. Due to missing data, complete data from
117 flights (n =31 participants) were included in the first model
and 89 flights (1=29 participants) for the second model. All
variables were treated as continuous except timing of flight (binary).

A series of mixed-effects models were conducted to investigate the
impact of controlled rest on top-of-descent alertness and performance.
Linear models were utilized for the analyses of KSS scores (Model 3a)
and PVT speed (Model 3b). Due to overdispersion, we implemented a
negative binomial model in the analysis of PVT lapses (Model 3c).
Based on the results of our initial models examining predictors of
taking controlled rest (Model 1 and Model 2), we included sleep
duration in the prior 48 h and timing of the flight as covariates in
these models. In addition, we included pre-flight scores for each
measure as covariates, given their potential influence on the
measures at top-of-descent. Due to missing data, 83 flights (1 =29
participants) were evaluated in the analyses of the KSS, while data
from 76 flights (n=28 participants) were utilized in the models
examining the PVT metrics.

A series of similar mixed-effects models were performed to
evaluate the effect of sleep amount during successful controlled rest
attempts on each outcome measure at top-of-descent. Sleep amount
is defined as the number of minutes spent asleep within the sleep
period, as estimated by actigraphy. Sleep period duration (total time
from the start of the sleep period to the end of the sleep period) was
also investigated but did not differ from sleep amount, so the results
of this analysis are not presented here. Successful controlled rest
attempts were defined as attempts in which actigraphy estimated at
least 1 min of sleep. Identical covariates were utilized for these
analyses. For the model examining KSS (Model 4a), complete data
from 48 flights in which controlled rest was successfully attempted
were considered (n =25 participants). For the models analyzing the

TABLE 2 Controlled rest sleep summary.

Rest period duration

Sleep period duration

10.3389/fenvh.2024.1368628

PVT measures (Models 4b and 4c), complete data from 43 flights
were utilized (n = 24 participants).

For each regression model, we computed both marginal and
conditional R* to indicate the variance explained by the fixed
effects alone and the combined impact of the fixed and random
effects, respectively (25). For each fixed effect, we also calculated
partial eta squared (nzp) as a measure of effect size. Partial eta
squared can be interpreted as follows: 0.01-0.06 =small; 0.06-
0.14 = medium; >0.14 =large (26). Collinearity was assessed using
the Variance Inflation Factor (VIF) for each independent variable.

3 Results

Participant demographics are displayed in Table 1 (n =31 pilots).
Data from 120 long-haul (> 6.5 h flight duration), non-augmented
(two flight crewmembers) flights were analyzed.

The average flight duration was 8.32 h (SD = 0.79 h; Range = 6.75-
10.43 h). Fifty-five percent of flights (n = 66) were classified as night
flights (flight touched 0200-0459 relative to homebase time) (24).
Controlled rest was taken on 70.0% of flights (n = 84). Controlled
rest was successful (i.e., obtained sleep) on 63.3% of flights (n =76).
On 20.1% of flights (n = 25), controlled rest was taken twice within a
single flight. The average total sleep amount obtained during
controlled rest attempts (ie., combining sleep amount in cases
where two controlled rest periods occurred in a single flight) was
36.12 min (SD =22.29 min; Range = 0-94 min). Table 2 displays the
sleep metrics for individual controlled rest periods. Rest periods
were 44.04 min on average (SD=11.98 min), with 21.1% (n=23)
extending longer than the median and mode duration of 45 min. On
average, pilots were awake for 11.06 h (SD =3.66 h, Range: 6.53-
20.18 h) when they attempted their first controlled rest period of a
flight. The minimum duration of time between the end of a
controlled rest period and the in-flight test was 2 h.

3.1 Predictors of taking controlled rest

Results from the mixed-effects logistic models showed
significantly higher odds of taking controlled rest during flights
that occurred at night [p=.01, n§= .13, OR=13.81, 95% CI: (1.99,
95.80); Model 1] and when participants reported higher pre-flight
KSS scores [p=.01, 7?=.14, OR=4.14, 95% CI: (148, 11.57);
Model 2] with moderate to large effects. There were also marginal
but moderate effects of sleep duration in the prior 48 h and PVT

Sleep amount

All Successful All Successful Successful
n 109 - 109 97 109 97
M (min) 44.04 - 29.45 33.09 27.83 31.28
SD (min) 11.98 - 16.52 13.61 15.40 12.56
Range (min) 15-104 - 0-87 10-87 0-81 9-81

Rest Period Duration = interval between start of rest attempt and end of rest attempt as determined by sleep logs and actigraphy, input by a researcher. Sleep Period
Duration = interval between start of sleep period and end of sleep period, as estimated by Actiware algorithms. Sleep Amount = number of minutes within a sleep
period that were scored as sleep by Actiware algorithms. Successful = controlled rest attempts in which Actiware algorithms determined sleep was obtained. Rest

Period Duration cannot equal 0; M, mean; SD, standard deviation; min, minutes.
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TABLE 3 Mixed-effects logistic model results for models 1 & 2: predictors of taking controlled rest.

Model Variable b SE p n OR 95% Clog
Model 1 Sleep duration (prior 24 h) 0.37 0.33 27 .07 1.44 0.76, 2.75
sleep and flight characteristics Sleep duration (prior 48 h) -0.43 0.22 05 07 0.65 0.42, 1.00
(Rir= 23; RE = 56) Hours of wakefulness ~001 0.12 95 03 0.99 0.79, 125
Flight timing 263 0.99 o1* 13 13.81 1.99, 95.80
Model 2 KSS 1.42 0.52 01* 14 4.14 1.48, 11.57
Pre-flight neurobehavioral measures PVT speed —0.62 1.11 57 01 0.60 0.06, 4.75
(Ris = 35; Re=57) PVT lapses ~0.85 0.44 05 10 0.43 0.18, 1.00

b, unstandardized coefficient; SE, standard error; nf,, partial eta squared; OR, odds ratio; R%, marginal R%; RZ, conditional R?; KSS, Karolinska Sleepiness Scale; PVT,

psychomotor vigilance task.

Sleep/wake variables were measured relative to flight departure time. Flight Timing = flights that touched 0200-0459 relative to homebase time were considered

night flights.
*p <.05.

lapses, in which participants with higher such sleep durations [p
=.052, n§=.07, OR=0.65 95% CI: (0.42, 1.00); Model 1] and
more PVT lapses [p=.051, 7,=.10, OR=0.43, 95% CIL (0.18,
1.00); Model 2] were less likely to take controlled rest. Table 3
presents the results of these models.

3.2 Impact of taking controlled rest on
neurobehavioral outcomes at top-of-descent

Overall, PVT response speed was significantly and moderately
impacted by controlled rest such that pilots who took controlled rest
had faster response speed at top-of-descent [p=.03, nf,z 0.07;
estimated marginal mean (EMM) = 4.19, standard error (SE) = 0.07,
95% CI: (4.08, 4.29)] than those who did not [EMM =4.00, SE=
0.05, 95% CI: (3.86, 4.14); Model 3b]. There were no differences in
controlled rest for KSS scores and PVT lapses (p-values>.05;
Models 3a and 3c). Table 4 provides a summary of these models.
Figure | provides a visual representation of these results.

3.3 Impact of sleep amount during
controlled rest on neurobehavioral
outcomes at top-of-descent

The mixed-effects models revealed no significant effect of sleep
amount during controlled rest on any of the outcome measures
(p-values > .05; Models 4a—4c). Table 5 summarizes these results.

4 Discussion

During this study, we assessed: (1) factors contributing to the
likelihood to take controlled rest; and (2) the impact of
controlled rest taken at the pilot’s discretion on sleepiness and
vigilant attention at top-of-descent during normally scheduled
flights. Our results show that flying during the night was the
greatest predictor of taking controlled rest. Subjective sleepiness
prior to a flight was predictive of the decision to take controlled
rest later in the flight. However, pre-flight PVT performance was
not significantly associated with the decision to take controlled
rest. Taking controlled rest moderately improved PVT response
speed at top-of-descent, but there were no differences in KSS or
PVT lapses. The average sleep amount during successful
controlled rest attempts was 31 min, but sleep amount was not
significantly related to outcomes at top-of-descent. These results
suggest that taking controlled rest can modestly improve vigilant
attention at critical phases of flight and may be a useful fatigue
management tool, particularly during unaugmented night flights.

Night flights were the strongest predictor of taking controlled
rest with pilots nearly 14 times more likely to take controlled rest
on these flights compared to “day” flights. Although this is only
a crude proxy for circadian phase, this time likely coincides with
the circadian low of pilots, when alertness is most difficult to
maintain. This finding reflects our previous analysis of long-haul
flights which included augmented flights (15) and supports prior
studies that show an increased use of controlled rest on night
flights (16, 17). However, the strength of the relationship we

TABLE 4 Mixed-effects results for models 3a-3c: the impact of controlled rest on neurobehavioral outcomes at top-of-descent, adjusted by pre-flight
score, sleep duration in the prior 48 h, and timing of the flight.

Model 3a: KSS Model 3b: PVT Speed Model 3c: PVT Lapses
(Rv=.32; RZ = 46) (Rv = 62; RZ = 64) (Ry=.11; RE= A1)

. 2 2 2
Variable SE p Np SE p Np SE p Np
Controlled rest -0.27 0.36 45 0.01 0.19 0.09 03* 0.07 -0.29 031 34 <.001
Covariates
Pre-flight score 0.33 0.13 02* 0.09 0.67 0.07 <.001* 0.55 0.04 0.08 65 0.04
Sleep duration (prior 48 h) 0.16 0.07 03* 0.07 —0.02 0.02 22 0.02 0.12 0.08 14 0.08
Flight timing 1.27 032 <.001% 0.19 -0.21 0.09 02* 0.08 0.89 0.31 .004* 0.11

b, unstandardized coefficient; SE, standard error; nﬁ, partial eta squared; Rz, marginal R?; RZ, conditional R?; KSS, Karolinska Sleepiness Scale; PVT, psychomotor vigilance task.
Pre-Flight Score varied by model according to the outcome variable of interest (e.g., KSS Pre-Flight Score was KSS at pre-flight).

*

p <.05.
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observed should be interpreted with caution given the large
9 Worse 1 confidence interval. More accurate measures of circadian phase
are needed to confirm these observations, especially in this
8 . . 1 . .
cohort of pilots operating trans-meridian flights, which makes
4 circadian phase hard to predict from homebase clock time (27).
6 From an individual neurobehavioral perspective, self-rated
é 5 sleepiness pre-flight was more predictive of taking controlled rest
4 than objective measures of vigilant attention. For every 1-unit
increase on the KSS (a 9-point scale), pilots were approximately
8 four times more likely to take controlled rest. Our results suggest
2 that pilots may be using self-assessment of alertness states to
1 determine whether to take controlled rest. The number of lapses
on the PVT taken pre-flight trended towards significance with a
6 Worse | modest effect size; however, we observed an unexpected negative
relationship in which fewer lapses were associated with increased
5 odds for taking controlled rest. Others have demonstrated the
- potential predictive ability of PVT lapse count under well-rested
§ conditions as a metric to determine vulnerability vs. resilience
2 4 across periods of sleep deprivation (28). An important difference
2 to note is that our pre-flight measures do not necessarily
3 represent baseline (i.e., well-rested) performance, and there are
many other confounding variables such as caffeine use. This
highlights, though, the challenges in applying such predictive
2 values in operational environments in which hours of
10 Worse 1 wakefulness and circadian misalignment are among a number
o of factors at play. Rather, it appears that self-assessment of
8 U( sleepiness may be more useful in predicting the need for
controlled rest in these complex operational environments.
§ 6 / > We observed significant improvements to vigilant attention at
f.,' ‘ top-of-descent on flights in which pilots chose to take controlled
£ 4 o rest. This relationship was significant even when accounting for
&« ) the influence of time of the flight (night vs. day) and pre-flight
2 5 V\\ performance. Interestingly, sleepiness ratings at top-of-descent
wm | were not lower for those taking controlled rest. These results
0 C No 3 mirror a previous in-flight nap intervention study which also
Controlled Rest showed significant improvements to objective (as measured by
electroencephalography and PVT) but not subjective (as measured
FIGURE 1
Pirate plots depicting Karolinska Sleepiness Scale (KSS) scores, by a visual analog scale) alertness at tOP'Of'descem ). It may be
psychomotor vigilance task (PVT) speed, and PVT lapses at top-of- that sleepiness is higher overall on flights which contain controlled
LS I S o e 1, s enencd by highes g prefght. Comerscy il
the 95% confidence interval, individual data points displayed and who were not sleepy enough to need this countermeasure may
visualized with density curve. have overall lower sleepiness ratings throughout the flight. As

Rosekind et al. explain (5), the amount of sleep obtained during

TABLE 5 Mixed-effects results for models 4a-4c: the effect of sleep amount during successful controlled rest periods on neurobehavioral outcomes at
top-of-descent, adjusted by pre-flight score, sleep duration in the prior 48 h, and timing of the flight.

Model 4a: KSS Model 4b: PVT Speed Model 4c: PVT Lapses

(Ria=.33; RZ=33) (R =58; R = .65) (Rir=13;
Variable SE p n SE p n SE p
Sleep amount during controlled rest | 0.02 | 001 A1 | 06 | 0003 | 0.003 24 04 | 001 | 001 | 31 | .01
Covariates
Pre-flight score 032 0.17 06 08 0.66 0.12 <.001* 47 —0.07 0.20 75 <001
Sleep duration (prior 48 h) 017 0.09 07 07 —0.02 0.02 43 02 018 0.08 02 11
Flight timing 131 046 008* 16 —0.29 0.12 02* 15 0.56 0.45 21 03

b, unstandardized coefficient; SE, standard error; 72, partial eta squared; R%, marginal R%; R, conditional R%; KSS, Karolinska Sleepiness Scale; PVT, psychomotor vigilance task.
Pre-Flight Score varied by model according to the outcome variable of interest (e.g., KSS Pre-Flight Score was KSS at pre-flight).
*p<.05.
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an in-flight nap is not designed to be enough to overcome the
cumulative sleep loss associated with international operations.
Instead, the goal is for short-term acute relief for improving
alertness at critical phases of flight relative to no nap.

The amount of sleep obtained during successful controlled rest
attempts was not significantly related to neurobehavioral outcomes
at top-of-descent. Pilots in our study obtained an average 40 min of
sleep per flight and 31 min per controlled rest period, as estimated
by actigraphy. Accounting for overestimation by actigraphy, and
particularly self-report (21), this finding is on par with other studies
);
26 min by polysomnography (5)]. Specifically, Rosekind’s et al.’s (5)

that used different sleep measurements [46 min by self-report (

study showed that amount of sleep was sufficient to improve PVT
performance and eliminate microsleeps after top-of-descent.
Napping studies both in the field and the laboratory consistently
demonstrate improvements in alertness and performance following

short naps (29, 30). Even a 10-min nap can stabilize or improve

short-term performance under certain conditions ( ). It may be
that the distribution of nap lengths in our study did not allow for
meaningful assessment of the impact of sleep amount. Most
controlled rest policies limit the rest period to a maximum of
45 min. Nearly 80% of the controlled rest periods were within this
threshold, and those exceeding this often did by only a few minutes,
demonstrating that the majority of pilots were following the
standard operating procedures for this fatigue countermeasure (19).

Ninety percent of controlled rest attempts were successful at
achieving sleep (as estimated by actigraphy). Despite our study
involving self-chosen—compared to prescribed—rest opportunities,
this success rate is comparable to that reported by Rosekind et al.
(5). In both these studies, however, it is important to note that
even within-subjects (i.e., the same pilot), controlled rest attempts
were not always successful. In a survey of over 1,000 long-haul
pilots, two-thirds said they could never or seldom obtain sleep in
a cockpit chair (34). Despite the high success rate observed in
both naturalistic and experimental conditions, it is still important
to note that sleep is not guaranteed in a controlled rest attempt.
Further, it is unclear from existing data whether the decision not
to take controlled rest on certain flights was operational (e.g.,
weather or other factors prevented use of controlled rest per
policies and safety guidelines) or individual (e.g., pilot did not feel
tired, or personally prefers not to take controlled rest). Together
these points highlight the need for adequate fatigue management
measures beyond controlled rest (e.g., flight time limitations,
augmentation) and the role of controlled rest as one of many tools
to manage inflight sleepiness.

4.1 Limitations

Our field study of controlled rest during regularly scheduled
long-haul flight operations with objective measures of sleep and
performance and self-rated sleepiness at a critical phase of flight is
not without limitation. Although we were able to assess the
contribution of individual physiological factors by proxy (e.g., time
of day), we do not have direct measures of circadian phase in this
study. Furthermore, our study lacks insight into psychological (e.g.,
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individual preferences, rest strategies) and cultural factors (both
regionally and within the airline) that may influence the decision
to take controlled rest. While observing volitional controlled rest
on regularly scheduled operations gives this study ecological
validity, we are unable to directly assess outcomes within-subject
under the same flight conditions. Thus, we cannot directly assess
the impact of taking controlled rest vs. not taking controlled rest
in each situation. As a secondary analysis of a larger dataset, our
original sample size was reduced and potentially underpowered.
The observed medium effect size (nf, =0.07) of controlled rest on
our primary outcome measure (inflight PVT) suggests we had
sufficient power to detect a significant difference in this
comparison. Furthermore, post-hoc power analyses confirm our
observations with power greater than 0.80 to detect a moderate
effect
underpowered for

size with a=0.05. However, we may have been

other comparisons. Finally, while we
deliberately excluded flights with augmented crew and bunk rest
opportunity for this analysis, controlled rest can also be taken
on augmented flights (15) and our results may not generalize to

those conditions or other operational environments.

4.2 Conclusions and future directions

Our results suggest that taking controlled rest can modestly
improve vigilant attention at critical phases of flight and may be a
useful fatigue management tool, particularly during unaugmented
night flights. Self-assessment of sleepiness prior to a flight was a
better predictor of the decision to take controlled rest than pre-
flight PVT performance. Further research is needed to understand
the influence of other scheduling and operational factors, as well
as individual differences in pre-flight rest strategies and qualitative
factors such as attitudes and behaviors within various safety
cultural contexts. Future research would benefit from evaluating
sleepiness and performance at more frequent time points
throughout a flight, particularly in relation to the controlled rest
period (e.g., pre and post). Collection of electroencephalography
during in-flight sleep, while challenging, may extend our
understanding of the impact of sleep quality during these periods.
Additionally, collecting data from the pilot flying while their co-
pilot is taking controlled rest would help to address risk factors
associated with this countermeasure.

The datasets presented in this article are not readily available
because the data are protected by the data sharing policy and
guidelines established by NASA Ames Research Center. Requests to
access the datasets should be directed to erin.e.flynn-evans@nasa.gov.

The studies involving humans were approved by Institutional
Review Board at NASA Ames Research Center (Protocol HRI-346).
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