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R E S E A R C H  A R T I C L E

Functional impairment associated with fatigue is recognized 
as a significant risk in commercial aviation.18 Nonstandard 
working hours and shift work have been linked to both 

acute and chronic adverse effects, including a lack of sleep, dis-
ruption of circadian rhythms, and reduced alertness and per-
formance. Airline crews are subject to long working hours, 
traditionally related to intercontinental flights. Recently, there 
has also been an increasing demand for extended daily work 
hours related to all types of operations, including domestic and 
short-haul flights. Airline crew schedules are typically irregular 
and involve early start times and long, compressed work periods, 
with short rests between work periods. All of these factors might 
contribute to fatigue and thus an increased risk of human error.1 
Fatigue is defined as a physiological state of reduced mental  
or physical performance capability resulting from sleep loss or 
extended wakefulness, circadian phase, or workload (mental or 
physical activity) that can impair a crewmember’s alertness and 
ability to safely operate an aircraft or perform safety-related 

duties.11 A substantial amount of evidence supports the finding 
that insufficient sleep may cause cognitive impairment.13 How-
ever, the impact of fatigue is often underestimated. Compared to 
people who are well-rested, those who are sleep-deprived think 
and react more slowly, make more mistakes, and have memory 
difficulties.4 This is especially problematic for aviation personnel 
(i.e., pilots and cabin crewmembers) performing critical safety 
duties that require long periods of sustained attention. The links 
between work schedules, sleep-wake behavior, and cognitive 
and task performance have been self-evident to researchers, 
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regulators, and safety professionals for decades. Although a num-
ber of studies on airline pilots support these assumptions,2,7,16 
there are fewer field studies measuring the effects of fatigue in 
cabin crewmembers.5

There is an increased awareness of the consequences of 
fatigue among legislative authorities, and European regulations 
now require that all airline companies have a fatigue risk man-
agement system. The impact of nonstandard working hours on 
fatigue and, thus, on accident risk is commonly acknowledged 
as a cause for concern; however, the mechanisms of that rela-
tionship remain unclear.25 It is therefore important to differen-
tiate between the effects of extended working hours per se, 
mental or physical workload, work characteristics, and sleep 
disruption due to the organization of the work hours.12 The 
work pattern for airline crew flying short haul may involve mul-
tiple takeoffs and landings, resulting in a more demanding 
workload across the workday. Fatigue among pilots has been 
observed to be associated with the number of takeoffs and land-
ings during a day of duty, where pilots with multisegment 
flights appeared more fatigued compared to those operating a 
single-segment flight duty.2,10,19

The aim of this study was twofold:

	1.	 To evaluate whether a single long day of flight duty or a com-
pressed work period with a varied number of flight sectors 
increases the risk of fatigue-related errors in airline pilots 
and cabin crewmembers, as measured by computerized 
neurobehavioral tests.

	2.	 To assess the association between subjective reports on sleep 
and alertness and performance on neurobehavioral tests.

METHODS

The study protocol was approved in advance by the Regional 
Committee for Medical Research Ethics.

Subjects
Prior to beginning the study, the subjects received written 
detailed information and provided written informed consent. 
The study sample consisted of 18 pilots and 41 cabin crewmem-
bers in a medium-sized European airline, all based in Norway. 
According to current regulations, a normal workday may be 
scheduled to last up to 13 h, with the possibility of one extended 
workday of up to 14 h per 7 d. A work period should not exceed 
47.5 h. In unforeseen circumstances, a workday may be extended 
up to 16 h and a work period up to 60 h. The same limitations 
apply to both pilots and cabin crewmembers. In the present 
study, we followed the crew during 4 scheduled consecutive 
days of flight duty, comprising a total of  39 h, where the flight 
duty period of the first day was  10 h.

Subjects were recruited through e-mails sent by the manage-
ment of flight and cabin operations at a national level, in coor-
dination with pilot and cabin crew union representatives. In 
addition, handouts were distributed at the crew base. For oper-
ational reasons, the airline did not schedule any crewmember 

with rosters that met our criteria for inclusion in the study dur-
ing the winter program, which is a reason for the rather long 
period of data collection, from April 2015 to September 2017.

Every month, when new rosters were published, only volun-
teers with the compressed work period of interest were included. 
The study was restricted to short-haul flights in order to avoid 
confounding effects from night work and jetlag. All flights were 
operated by Boeing 737 aircrafts. Characteristics of the included 
subjects are listed in Table I.

Procedure
We applied a cross-shift/cross-week design in which the sub-
jects served as their own controls. Data collection started at 
enrollment on the evening before the first day of flight duty, was 
repeated at the time of check-out on the first and fourth work-
day, and was completed again after subjects had been off-duty 
for 2 d. Both the neurobehavioral tests were performed in the 
evening after the first and fourth workday, and as far as possible 
at a similar hour on days off.

At enrollment, the subjects completed a questionnaire that 
included items on demographics, work characteristics, health 
history, sleep, and physical activity. The questions were based on 
validated questionnaires, including the QPS Nordic14 and the 
Bergen Insomnia Scale.17 In addition, questions were developed 
specifically for this study. The subjects reported their subjective 
perceptions of work characteristics, including work-related stress 
indicators, control/demand issues, and possible work-family 
conflict.

During the first and fourth days of the actual work period, the 
subjects completed logs developed for the study. The logs 
included questions about subjects’ length of time sleeping and 
pattern of sleeping from the previous night, commuting time, 
check-in and check-out times, physical activity, and self-reported 
health issues. The subjects also rated their level of fatigue on the 
Samn-Perelli Fatigue Checklist (SP)22 at check-in time for duty, 
after 8 h, and at check-out time after 10–14 h of flight duty on 
both the first and the fourth day of their actual work period. The 
checklist is a seven-point scale and fatigue is treated as an ordinal 
variable with the following categories: 1) fully alert, wide awake; 
2) lively, responsive, not at peak; 3) OK, somewhat fresh; 4) a little 
tired, less than fresh; 5) moderately tired, let-down; 6) very tired, 
difficulty concentrating; and 7) completely exhausted.

To measure possible detrimental fatigue effects, we used two 
computer-based neurobehavioral tests, both addressing atten-
tion: the Attentional Capture Task (ACT)24 and the Sustained 
Attention to Response Task (SART).21

The ACT procedure, as described by Theeuwes and Chen,24 
is a sensitive test of attention and was chosen because fatigue 
reduces arousal level and vigilance and could, therefore, influ-
ence attention and vulnerability to distractions. The ACT mea-
sures vulnerability to automatic and reflexive distractions due 
to attentional capture. To reduce the burden on the subjects, we 
chose a shortened version of the ACT, lasting 15 min, previ-
ously used by Meland et al.15 Attentional capture is assessed by 
a task-irrelevant peripheral stimulus (i.e., a red blink) that 
flashes for 60 ms equally often at one of six positions at various 
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distances prior to the target appearance (Fig. 1). The following 
variables were derived from the ACT: reaction time (RT), num-
ber of correct responses, and precision [number of correct 
responses/(number of correct responses + number of errors)] 
in the following four conditions: 1) overall; 2) “cued”, red blink 
at the target position; 3) “large distance”, red blink at the three 
largest distances; and 4) “short distance”, red blink closest to the 
target. Prior to their first test, the subjects performed a habitua-
tion trial lasting for 8 min. This trial was shortened to 2 min in 
the remaining test sessions, followed by the actual 15-min test.

The SART is sensitive to transitory reductions in attention and 
particularly the response inhibition element of our executive 
functioning.21 In the procedure, 225 single digits, 25 of each digit 
from 1 to 9, are presented centrally on a laptop. Each digit is pre-
sented for 250 ms and is then replaced by an encircled X mask for 
900 ms. Presentation is regularly paced at an onset-to-onset 
interval of 1150 ms. Both digits and mask are white against a 

Table I.  Subject Characteristics.

CABIN CREWMEMBERS (N 5 41) PILOTS (N 5 17*)

Men 6 15
Women 35 2
Mean age 40 yr (SD 12.3) 52 yr (SD 7.4)
Current smokers 1 1
Mean BMI (kg · m-2) 24 (SD 3.6) 25 (SD 2.8)
Married/cohabiting 27 (66%) 11 (65%)
Children ,18 yr living at home 12 (29%) 8 (47%)
Commuting time (one way) 57 min 70 min
Hours of sleep before workday 1 (mean) 5 h 56 min 6 h 49 min
Hours of sleep before workday 4 (mean) 6 h 57 min 7 h 1 min
Reported sleep disturbances
  Last year 21 (51%) 9 (50%)
  Last month 12 (12%) 5 (27%)
Self-reported chronotype:
  Morning type 14 (34%) 2 (12%)
  Evening type 9 (22%) 5 (29%)
  Neither/nor 18 (41%) 10 (59%)
Physical activity (1-3 hours per week) 24 (59%) 11 (65%)
Physical activity (. 3 hours per week) 17 (41%) 6 (35%)
Mean years of employment 17 years (SD 11.4) 26 years (SD 7.7)
Content with work pattern 27 (66%) 8 (44%)
Reported work/family conflict 18 (44%) 7 (39%)

* Questionnaires were returned by 17 of 18 pilots.

black background. Subjects are 
instructed to respond to the go 
stimuli (1, 2, 4, 5, 6, 7, 8, and 9) 
with a key press and to withhold 
this response when the no-go 
stimulus (3) is presented. Presen-
tation is regularly paced in order 
to create a habitual response. 
Three scores were derived from 
the SART: 1) number of errors 
of commission (responses to the 
rare no-go digit); 2) precision 
[number of correct responses/
(number of correct responses + 
number of errors of commis-
sion)]; and 3) RT to frequent go 
stimuli . 100 ms. We regarded 
RT . 100 ms to frequent go stim-
uli as anticipation, and these were 
omitted from the analysis. The 
SART procedure takes 5 min to 
complete.

Statistical Analysis
The scores on the neurobehavioral tests were analyzed using 
linear mixed models. We selected three variables measured in 
four conditions for the ACT procedure and three variables for 
the SART procedure. For each score, we evaluated the differ-
ence between days, where baseline was day 0 and day 6 com-
bined. All subjects were off duty 2 d preceding day 0 and day 6. 
Having day 0 and day 6 as a combined baseline category allowed 
us to separate the effect of work period (day 1 and day 4 vs. 
baseline) from the practice effect. We adjusted for possible 
practice effects by including the logarithm of the test number  
(1 5 day 0, 2 5 day 2, 3 5 day 4, 4 5 day 6) as a covariate, assum-
ing the practice effect to follow a logarithmic shape, meaning 
the practice effect was largest at the first test session. Visual 
inspections of the plots confirmed this finding. We also investi-
gated how workload, as measured by the number of flight sectors, 
affected the outcome scores of both the ACT and the SART. 
Here, we completely adjusted for any possible practice effect by 
including test number as a categorical variable. All analyses as 
additionally adjusted for sex and age. A random intercept for 
subjects was included and restricted maximum likelihood was 
used to estimate variance parameters. We used Statistical Pack-
age for Windows 24.0 (SPSS Inc., Chicago, IL, United States) for 
descriptive analyses, while the lme4 package (version 1.1-12) in 
R (version 3.3.3) (R-project.org) was used for the multivariate 
analyses. A critical P-value of 0.05 was chosen.

RESULTS

Table I shows the characteristics of the cabin crewmembers and 
pilots. Compared to the cabin crewmembers, pilots were older, 
had longer commuting time, reported more sleep disturbances, Fig. 1.  Time and sequence of the Attentional Capture Task.
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and were less content with their work pattern. Both groups 
reported being physically active. We followed the subjects from 
baseline, the evening before the start of their work period, to 
the evening after they were off-duty for 2 d (Fig. 2).

There were 18 pilots and 41 cabin crewmembers who com-
pleted the 2 first test sessions (at baseline and after the first day 
of flight duty). These numbers were reduced to 25 and 16 after 
the fourth workday, due to rescheduling, delays, diversions, and 
sick leave. Start of holidays, long commuting time, and other 
private issues all influenced the further reductions in the num-
ber of subjects completing the second baseline after 2 d off. In 
addition, some subjects were excluded from the second base-
line because they had a 5-d working period, which made their 
new baseline after 2 d off not comparable with the new baseline 
of subjects with a 4-d work period.

According to the logs and the subject’s rosters, the work 
periods ranged from 39 to 41 h in both professional groups. The 
night before the fourth workday, 14 out of 15 pilots and 13 out 
of 25 cabin crewmembers had a hotel layover. The average duty 
time on the first workday among the cabin crewmembers was 
11.2 h (SD 1.1) and 10.6 h (SD 1.8) on the fourth day. Mean 
check-in time for duty was 07:45 (SD 2.0) on the first workday 
and 09:19 (SD 2.6) on the fourth workday. The duty time among 
the pilots was 10.9 h (SD 1.3) on the first workday and 10.1 (SD 
1.6) on the fourth workday. The mean check-in time for the 
pilots on the first workday was 08:13 (SD 2:47), and 10:17 (SD 
3.3) on the fourth workday. The total number of flight sectors 
during the work period ranged from 10 to 20, with a mean of 
15.3 among both cabin crewmembers and pilots. The mean 
number of flight sectors among the cabin crewmembers on the 
first workday was 3.8 (range 2–6), and on the fourth 3.5 (range 
2–5). Among the pilots the number of flight sectors was 3.4 
(range 2–6) on the first workday and 3.9 (range 3–5) on the 

Fig. 2.  Flowchart of the data collection among cabin crewmembers and pilots.

fourth workday. Reported sleep quality among both groups 
improved the night preceding the fourth workday (Fig. 3).

Neither cabin crewmembers nor pilots reported fatigue, as 
measured by the SP, at the start of the first or the last day of the 
work period. Cabin crewmembers had a mean score of 2.1 at 
the start of the first workday and 2.4 at the start of the fourth 
workday, while the pilots had a mean score of 2.2 on both days. 
The cabin crewmembers reported a mean SP score of 4.2 after 
the first day and 4.4 after the last day of the work period. Using 
a t-test, we did not observe any significant difference in the SP 
score between cabin crew who spent the night preceding the 
fourth workday in hotels and those who spent this night at 
home, neither at the start of the fourth workday (t 5 0.2, df 5 
19.3, P 5 0.90), nor at the end (t 5 1.5, df 5 20, P 5 0.16). The 
pilots scored a mean of 4.6 on the SP after the first workday and 
4.1 after the fourth workday (Fig. 4).

The main observation was that overall cognitive perfor-
mance, as measured by the ACT, did not deteriorate in the 4 d 
compared to baseline performance, neither among the pilots 
nor among the cabin crewmembers, when adjusting for age, 
sex, and practice effects (Table II and Table III). However, the 
effects of each additional flight sector during the work period 
was elevated RT both among cabin crewmembers (B 5 5.05 
ms, 95% CI 0.6, 9.5) and pilots (B 5 4.95 ms, 95% CI 0.4, 9.5). 
Check-in times for duty and duration of the workdays did not 
influence the overall RT (not shown).

Overall cognitive performance as measured by the SART 
did not deteriorate during the 4 d, neither among the pilots nor 
among the cabin crewmembers. Precision among cabin crew-
members increased after the first workday compared to base-
line (B 5 4.6, 95% CI 0.3, 8.9), while precision among pilots 
increased after the fourth workday compared to baseline (B 5 
9.3, 95% CI 1.8, 16.9) (Table IV).

DISCUSSION

As expected, there was a clear 
increase in self-reported fatigue 
levels from the start to the end of 
the work period, in both cabin 
crewmembers and pilots. Con-
trary to our hypothesis, we found 
no evidence of a decrease in 
objective performance, as mea-
sured by the ACT and SART, in 
any of the groups looking at work 
hours only. However, we found 
evidence of longer RT, as mea-
sured by the ACT, when the 
number of flight sectors increased 
during the 4 workdays in both 
pilots and cabin crewmembers.

The safety risk associated with 
fatigue is widely recognized in 
commercial aviation operations.4 
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The findings in the present study show that the majority of both 
cabin crewmembers and pilots managed to obtain satisfactory 
length of sleep9 before and during their work periods. Both pro-
fessional groups reported sleep disturbances the nights preced-
ing the workdays; however, most prominently the night before 
the first workday. Of the pilots, 47% had children under 18 yr at 
home and 56% were not content with their work pattern, which 
could have influenced sleep disturbances the night before the 
first workday. The hotel layovers before the fourth workday may 
have made it easier for both groups of subjects to unwind and 
sleep undisturbed during that night.

The cabin crewmembers obtained 1 h less sleep than the pilots 
the night before the first day of flight duty. This finding could be 
due to the cabin crewmembers having earlier start times. Other 
questionnaire-based studies of short-haul pilots in the commer-
cial aviation industry indicate that duty periods with early-
morning starts is one of the major causes of fatigue.2 The earlier 
workers must start work, the less sleep they will obtain, and the 
more tired or fatigued they will be.20 A study of short-haul 

Fig. 4.  Mean scores and SD, according to the Samn-Perelli Fatigue Check List, during day 1 and day 4 among cabin 
crewmembers (N 5 41 d 1, N 5 26 d 4) and pilots (N 5 18 d 1, N 5 16 d 4).

Fig. 3.  Percentage of subjects reporting sleep parameters during nights preceding day 1 and day 4, among cabin 
crewmembers (N 5 41 d 1, N 5 26 d 4) and pilots (N 5 18 d 1, N 5 16 d 4).

Australian pilots found that self-
rated fatigue among pilots at the 
start of duty was highest for duty 
periods that commenced between 
04:00 and 05:00 and lowest for 
duty periods that commenced 
between 09:00 and 10:00.20 In 
the present study, none of the 
cabin crewmembers started their 
duty before 05:00, and only one 
pilot had to check in for duty at 
04:55 on one of his workdays. This 
finding may explain why most of 
the subjects were able to obtain at 
least 6 h of sleep and reported 
that they were rested before both 
days of their flight duty.

According to the cabin crewmembers’ and the pilots’ scores 
on the SP, they appeared to be well-rested when commencing 
their work in the morning of both the first and the fourth day of 
flight duty. SP score was elevated toward the end of both work-
days in both professional groups. However, among the pilots, 
the elevation was less pronounced on the fourth day, which may 
be due to the fact that their mean working hours were 48 min 
shorter on this day compared to the first, and that the majority 
of them had a hotel layover with reduced sleep disturbances. 
The cabin crewmembers’ mean SP score at the end of the fourth 
workday was elevated compared to the first day. This in spite of 
the fourth workday being 24 min shorter and the mean check-
in time 1.5 h later than on the first workday.

We did not observe any significant differences between the 
SP scores when comparing the cabin crewmembers with hotel 
layovers on the fourth workday with the ones who started their 
duty from the home base. Cabin crewmembers reported smaller 
variations than pilots regarding sleep duration the nights pre-
ceding both workdays, and less sleep disturbances the night 

preceding the fourth workday. A 
possible explanation may be the 
very different work content.

Our finding of a significantly 
longer RT, as measured by the 
ACT, in both professional groups 
with an increasing number of 
flight segments during the 4-d 
on-duty period supports earlier 
research on short-haul flight 
operations.2,10,19 Cognitive slow-
ness is known to be one indicator 
of fatigue.3 The subjects’ preci-
sion, however, was unchanged, 
which may be a result of a speed/
accuracy trade-off.8 It may seem 
that they did their best to be pre-
cise, but they took more time 
because they were tired. Most 
short-haul days of duty involve 
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multiple flight sectors and the number of takeoffs and landings 
per pilot during the work period varied between 10 and 20. For 
cabin crewmembers, multiple flight sectors involve a potential 
increase in workload due to the need to monitor a higher num-
ber of passengers and perform multiple safety and service tasks 
for each flight. In the course of a day with 5–6 flight sectors, 
cabin crewmembers may attend to up to 700 passengers. For 
airline pilots, the multiple takeoffs and landings involve the 
highest cognitive demand and represent increased workload.19 
Harsh weather conditions, heavy traffic, delays, and other 
unforeseen irregularities could exaggerate the strain of multiple 
takeoffs and landings. In the Nordic countries, harsh weather 
conditions and less daylight during the winter months repre-
sent an additional operational challenge. Because of this recog-
nized hazard, the airline from which the subjects in the current 
study were recruited strive to avoid the longest work schedules 
during the winter months and, consequently, none of the evalu-
ated work periods occurred during the months of November, 
December, and January. This eliminated certain operational 
conditions, which probably would have influenced the work-
load, and thus the results in the present field study.

RT and number of lapses have also been assessed in other 
studies of flight personnel. Thomas et al.25 administered the 
Psychomotor Vigilance Test and found a significant difference 
between rested and fatigued airline pilots, with the fatigued 
pilots showing a faster mean RT, while the number of lapses 
remained unchanged. The authors argue that their tests may 
not be sufficiently sensitive to fatigue.25 In our study, we 
observed that the number of errors as measured by the SART 
remained statistically unchanged from baseline to the subse-
quent tests. This finding could be due to the test not being suf-
ficiently sensitive to the effects of fatigue, or that the actual work 
periods were not sufficiently strenuous to produce a risk of 
making errors. It could also be explained by inadequate adjust-
ments for practice effects.

Although the SP scores on workdays indicate somewhat 
strenuous days of work, questionnaire-based registrations 
reflect subjective perceptions, and a variety of factors of both 
psychological and situational origins may influence question-
naire responses.27 The focus on fatigue in aviation, the effect of 
being studied, or the interpretation of the consequences of the 
research may explain some of the discrepancies between the 
results based on self-report and the neurobehavioral results.

Other factors that may play a role include the conditions 
under which one performs the task, the time of the day the test 
is performed, and whether one is tired or hungry.6 The neu-
robehavioral tests were all performed in the evening. However, 
due to the slight variations in subjects’ schedules and irregulari-
ties of arrival times, it was not possible to carry out the tests at 
exactly the same time, which may have influenced the results of 
these tests.

A strength of the current study is the use of a case-crossover 
design, which minimizes confounding effects.23 In addition the 
study was conducted in a real-life situation with detailed expo-
sure information, thus increasing its external validity. A limi-
tation is the relatively small number of subjects. Another 
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weakness is that the practice effect was not fully adjusted for 
when analyzing the change in ACT and SART outcomes from 
baseline to day 4. Furthermore, the few individuals at the sec-
ond baseline (day 6) influence the precision of the estimated 
practice effect. However, when studying the impact of the num-
ber of flight sectors, check-in times for duties, and duration of 
the workdays with respect to the neurobehavioral outcomes, 
the models did fully adjust for the practice effect.

An increasing number of flight sectors during the 4 d was 
associated with a significantly longer RT among both pilots and 
cabin crewmembers. However, subjects’ precision remained 
unchanged. While subjective fatigue increased during the 4-d 
work period, the overall objective performance, as measured by 
the neurobehavioral tests, did not reveal any deterioration 
when focusing on work hours only. This emphasizes the impor-
tance of looking at both work content and work hours when 
studying the effect of long workdays. The present study illus-
trates the complexity of factors that contribute to the develop-
ment of fatigue among airline crew. Further research with  
a larger sample size would strengthen the validity of our 
findings.
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