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Abstract: Fatigue is a dangerous issue that can impair every aspect of a pilot’s ability and in turn can influence the aircraft’s
safety. The effect of the number of flight takeoffs and landings on the pilot’s performance seems to be a factor of concern. To
analyze the impact of number of landing and take on the pilot fatigue level, we conducted an experiment with four experienced
pilots exposed to two flight scenarios (i) single take-off and landing and (ii) multiple takeoffs and landings. Five fatigue tests
were administered to subjectively measure the fatigue level. All test sessions contained the Karolinska Sleepiness Scale (KSS),
the Samn- Perelli (SP) and a 5-minute Psychomotor Vigilance Test (PVT). In addition, to eye tracking measurements (The
transition sequence). The study results showed that there were notable increases in pilot fatigue level, for both scenarios as the
flight went on to the destination. Pilots who made multi-takeoff and landing flights became fatigued more quickly compared
to a single-takeoff and landing flight case, even though the flight duration were similar in both cases. The study results showed
that there were significant differences in reaction time (p < 0.037) and the number of lapses (p < 0.047) in the two scenarios.
In subjective fatigue results, there have also been significant differences on the KSS scale (p < 0.039) and SP scale (p < 0.031).
Eye tracking results also showed differences in the pilot’s visual search patterns between the single and multi-takeoff and
landing cases.
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1. Introduction
Fatigue has been identified as a major reason for accidents and losses with the implications that a fatigued person is
most likely to produce unsafe performance and actions in a range of settings (e.g. aviation, rail, maritime and other transport
operations) (Drury, Ferguson, & Thomas, 2012). Fatigue takes different forms, including mental and physical fatigue depending
on the nature of its causes. According to Gislason, Bogdane and Vasiļevska-Nesbita (2017) fatigue is mainly affected by time
awake, time of the day, and work-related tasks. Therefore, insufficient recovery from fatigue leads to increasing fatigue and
performance impairment. Fatigue in the pilot may build up slowly over several working days or weeks and impair pilot
performance, including memory, concentration, judgment, decision-making, reaction time (RT), attention, and eye fixation
(Jackson & Earl, 2006). Fatigue is one of the major factors in aviation accidents, though the contribution of fatigue to accidents
is often underestimated in official reporting (Williamson, Lombardi, Folkard, Stutts, Courtney, & Connor, 2011). Jackson &
Earl (2006) found that fatigue was a cause of many aviation accidents. They stated that the critical factor is not what causes the
fatigue, but rather the negative effect of fatigue on a pilot's ability to perform tasks safely.
According to Petrilli, Roach, Dawson, and Lamond (2006), fatigue in flight operations has diverse and complex
causes, such as insufficient or irregular sleep time, irregular work, rest cycles, and crossing time zones. The National
Aeronautics and Space Administration (NASA’s.) Aviation Safety Reporting System has shown that 21% of the reported
aviation incidents were fatigue related (Jackson Earl, 2006). Several investigations have identified fatigue-related factors as
major causes of aviation accidents. Fatigue was involved in at least 8% of aviation mishaps (J. Caldwell & L. Caldwell, 2016).
The costs associated with fatigue in aviation are tremendous, both in terms of money (aviation accidents can exceed $500
million) and the loss of life. Considering the direct relation between pilot fatigue and accidents, the U.S. Federal Aviation
Administration (FAA) has introduced and enforced new rules about flight crew duty and rest requirements and regulations
(Federal Aviation Administration, 2011). Fatigue is still one of the primary concerning factors, which negatively affects the
pilot’s ability to concentrate and impairs his capacity to analyze complex processes (Avers and Johnson, 2011).
Limited evidence of some studies found that performance and alertness decrease with the number of takeoff and
landing flown in flight missions (Powell et al, 2007, 2008). Naeeri and Kang (2017) studied the differences of the eye movement
characteristics of novice and experienced pilots during normal and adverse short flight conditions. They showed that experts
pay greater amount of attention to every relevant information throughout all the phases of ﬂying. In a follow-up study, Naeeri
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