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Most Air Traffic Controllers (ATCOs) must cover uninterrupted work shifts for 24 h a day, seven days a week. The proper
planning of a shift schedule requires consideration of at least three elements: the specific characteristics of the controller
task, the physiological needs of the operator, and the definition of rest periods within rostering.
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| 1. Introduction

Most Air Traffic Controllers (ATCOs) must cover uninterrupted work shifts for 24 h a day, seven days a week. In these
operational contexts, fatigue can adversely affect performance by increasing response time and the number of errors L2
(Bl Additionally, shift workers can suffer consequences for sleep quality and job satisfaction 4S8! properly organized
shifts can mitigate the negative consequences of fatigue accumulation. One of the critical elements of a work shift is

scheduling rest periods, intended as the time intervals between consecutive turns and as breaks during the single period
of service &I,

Three elements contribute to creating a fit and safe shift planning. The first is related to the specific characteristics of
controller tasks, which usually reflect different levels of complexity and, therefore, require varying amounts of effort. The
second element is the physiological need of the operator, which varies according to individual differences. Task
characteristics and physiological needs greatly affect the third element, which is the organization of rest periods.

| 2. Shift Patterns Used by Leading Air Nation Service Providers

The shift scheme is one of the most critical features in defining rest periods within a shift cycle. Relevant information on
this issue comes from a 2006 report by EUROCONTROL 19, the international organization working to achieve safe and
seamless air traffic management across Europe. This document aimed at identifying best practices to help define
solutions for the management of shift work in air traffic management (ATM) and other sectors. The study resulted in some
recommendations to facilitate the planning and management of flexible working practices to improve safety and
productivity. Another major objective of the EUROCONTROL study was also to compare shift workers’ management
practices of 10 ANSPs from the European Union and three International ANSPs. European Union (EU) suppliers included
Austrocontrol (Austria), AENA (Spain), ANS (Czech Republic), Avinor (Norway), DGAC (France), DFS (Germany), LFV
(Sweden), Maastricht (EUROCONTROL), NATS (UK), and Skyguide (Switzerland). The comparison revealed that the
schedules’ features vary from country to country and depend on the presence of the roster organized by a team or by an
individual. The prevailing schemes include 4 working days and 2 rest days (4/2), 5 working days and 2 rest days, 6
working days and 3 rest days, or no fixed cycle. As shown in the report, there is an evident heterogeneity in the shift
workers’ management practices used by the 10 different European ANSPs. Practices vary depending on the different
characteristics of shift work, such as the direction of rotation, the duration of shifts, the organization of work individually or
in teams, and the distribution of rest days. Differences can be attributed to some extent to factors such as airspace size,
culture, or specific national legislation. It is not surprising, therefore, that such differences can also be observed among
the extra-European providers considered in the study: Airways New Zealand (New Zealand), Air Services Australia, and
the US Federal Aviation Administration (USA). In this case, the adopted rosters present are the 3/3 (Air Services
Australia), the 4/2 (Air Services Australia and Airways New Zealand), the 5/2 (USA), and the 6/3 (Airways New Zealand).

| 3. Shift Duration

Shift duration is a factor that has been studied by several researchers, both in laboratory and in various work settings
(e.g., mining, computing, and air traffic control). The durations typically considered vary between 8 and 12 h. Twelve-hour
shifts have been shown to have several advantages, including allowing more days off during the week 1112 and giving



more significant opportunities for rest. Some studies also report less absenteeism 14l and greater job satisfaction,
probably related to the possibility of having more free time WS  Fyrthermore, a 12-h rostering involves fewer
handovers, considered a risky time in different work contexts.

Twelve-hour shifts, however, also have disadvantages. Some studies have found increased fatigue in 12-h shifts 18 and
decreased performance Q2021 | 3 review conducted on an initial sample of over five hundred articles, an adverse
effect of 12-h shifts on performance was reported, compared to 8-h shifts. This effect is estimated to result in a 100%
increased risk of incidents, and is particularly relevant in the case of night shifts, as demonstrated in a study by Rosa and
Colligan [22]. Several other studies have confirmed this effect [23112411251[26] Another example is provided by Goode 24, who
found that even when the duration of the shift is between 10 and 12 h, the incident rate is slightly higher than with a
duration of fewer than 8 h. His study included pilots, and the author related the frequency of incidents in operation to the
hours of activity.

When choosing between a 12-h shift and an 8-h shift, another aspect must also be considered: while there is no evidence
that having more time to rest is sufficient for a full recovery, on the contrary, the long-term adverse effects of fatigue
accumulation are well documented 223128 | light of these problems, Rosa 22 suggests using shifts lasting more than 8 h
only in particular working contexts and after taking a series of measures related to the frequency and duration of breaks.
The research conducted by Schroeder, Rosa, and Witt BY on behalf of the Civil Aerospace Medical Institute (CAMI)
specifically concerned ATCOs. The research aimed to compare the effects of 8-h and 10-h shifts on both the vigilance and
test performance of ATCOs. Fifty-two highly experienced ATCOs were involved in the research: half of the participants
carried out the 10-h program, and the other half carried out the 8-h program (type 2-2-1 rotation: the first two afternoon
shifts followed by two morning shifts and, later, a night shift). In the study, the authors used a modified version of the
National Institute of Occupational Safety and Health (NIOSH) Fatigue Test Battery to measure eight variables: the quantity
of sleep; quality of sleep; mood; physical diseases; perceived workload (indicated by the Task Load Index); response
times; arithmetic task performance; and grammar reasoning 2. The researchers collected these performance data three
times during the shift: at the beginning, two hours before the completion of the shift, and at the end of the shift. The results
of the study showed an increase in reaction times for both 8-h shifts and 10-h shifts during morning shifts. However, there
were no differences between 8-h and 10-h shifts in performance during the day or afternoon shift in the first 4 days of
rotation. Additionally, the researchers observed a decrease in performance on the last day of the 8-h rotation,
corresponding to the night shift. Data on the amount of sleep reported by controllers were consistent with previous
studies. In the first 4 days of rotation, there were no differences between 8-h and 10-h shifts. The maximum hours of sleep
were reported on the night before the first day of rotation of the shift (8.3 h), while the minimum number of hours of sleep
(5.75 h) was reported earlier on the fourth day. In both groups, the reported sleep hours decreased during the week, to a
minimum of 3.75 h before the night shift in the 8-h program.

| 4. Rest Period between Consecutive Shifts Cycles

A review published by Fischer, Lombardi, Folkard, Willetts, and Christiani X! considered five studies analyzing the risk of
incidents as a function of the number of consecutive working days. The authors analyzed the data reported in these
studies and obtained a risk index based on the number of consecutive days of service. The risk of incidents increased by
about 2% on the second day, by 7% on the third day, and by 17% on the fourth-day shift compared to the first day. These
results indicate the existence of an increased risk in subsequent day shifts. However, the same study shows that the risk
is higher in the presence of a succession of night shifts. In an extensive study aimed at defining a Fatigue Index, Spencer,
Robertson, and Folkard 2 suggested limiting the maximum number of consecutive working days to no more than six and
providing for a minimum of two consecutive rest days.

Despite the relevance of this issue, few studies have considered the distribution of rest periods within a cycle of irregular
shifts. Below, researchers present several studies conducted on specific categories of workers other than ATCOs.
Interesting results are provided by the work of Folkard and Tucker B8 who conducted a questionnaire-based study
involving British aircraft maintenance engineers. The study aimed to provide recommendations for the design of work
shifts for staff, linking working hours (e.g., weekly worked hours, shift duration, breaks, annual leave, and notice days) and
performance measures, including guidance on vigilance, the likelihood of making mistakes, and confidence in driving
home after working hours. In light of their results, the authors recommended a limit of seven consecutive working days
before a break of at least 2 days off between two shift cycles.

Akerstedt and colleagues B4 sought to gather the information that would be useful for defining an optimal balance of
working and rest days, in the absence of information presented in the scientific literature. The authors then analyzed data
from previous studies on workers in different sectors who were on irregular shifts, or for whom the rest periods and the



regularity of shifts were not constant. Subjects were investigated using the Karolinska Sleepiness Scale B2, a self-report
measure of sleepiness level on a 9-point scale (9 = the maximum level of drowsiness, and 1 = the maximum level of
alertness) validated against electroencephalogram (EEG) parameters. The workers were involved in different kinds of
schedules: irregular shift patterns (locomotive train); traditional three-shift work (workers in the chemical industry); 12-h
day and night shifts (workers in the chemical industry); rapidly rotating shift system (paper industry); weekly shifts of 84 h
(construction workers who have had seven-day shifts in a row of 12 h each between 7.00 and 19.00, followed by a week
of vacation); two weeks of consecutive 12-h night shifts followed by three weeks of vacation (workers on an oil production
platform in the North Sea from 19:00 to 7:00); irregular and jet-lagged shifts (cabin crews); and a control group (daily
shifts, 5 days of work and 2 days off). The data provided by these studies led Akerstedt and collaborators B4 to conclude
that 2 days of recovery appear to be needed after periods involving a sequence of long working hours.

A study by Totterdell and colleagues 28] also sought to identify the time needed to recover energy after a shift cycle. The
study compared the levels of activation, pleasantness, tranquility, social and work satisfaction, mental workload, and
reaction times in memory tasks, for 1 or 2 days of rest after 3 days of service. For some variables, including mood, job
satisfaction, and performance in memory tasks, the results did not find significant differences. In contrast, 2 days of rest
were associated with better values of activation, mood, social satisfaction, and mental workload than a single day of rest.
In conclusion, 24 h does not seem to be sufficient time for a full recovery, even after a cycle of three service periods. With
a similar goal, Rosa and Colligan 28! showed that 2 days of rest are enough to normalize most psychological functions
after a 60-h working week. These results indicate the need for a break of at least 48 h following a shift cycle of
approximately 60 h.

| 5. Rest Period between Consecutive Shifts Cycles including Night Hours

A further variable to consider is the presence of shifts that include night hours, with consequent accumulation of fatigue
due to changes in biological rhythms. Knauth, Rutenfranz, Herrmann, and Poeppl BZ performed an experimental study by
measuring the rhythm of body temperature following several night shifts. The results indicated that when the person was
engaged in night shifts for 2 consecutive periods of service, 2 days of rest were required to restore physiological values,
but after 21 consecutive nights, 3 to 4 days were necessary for the restoration of body temperature. A subsequent review
by Kecklund and Akerstedt B8 cited Kecklund and colleagues B2 reporting that 3 days were needed to recover energy
following a cycle of night shifts.

A study by Cruz and Rocco ¥ focused on ATCOs, comparing the sleep quality of a group of ATCOs in three different shift
programs, two based on a fast and counter-clockwise rotation, and one fixed with the start of the shift in the morning. One
of the counterclockwise rotation programs was 2-2-1, with the first two afternoon shifts followed by two morning shifts and,
later, a night shift. The minimum duration of the service periods was 8 h. The second roster with quick rotation, instead,
consisted of two afternoon shifts followed by a mid-day shift and two morning shifts (2-1-2 type roster). In this case, there
were two 12-h shifts and no night shift. The variables analyzed were sleep and wakefulness times, total sleep time, and
subjective assessments of sleep quality and drowsiness. The results showed that the roster with the night shift was
associated with fewer hours of sleep. The average number of hours of sleep decreased from about 8 h before the
afternoon shifts to 5 h before the morning shifts, and to just 2.4 h before the night shift 9. The results of the study also
confirmed what had been previously found BA[2AEL aithough in these cases, the minimum sleep hours were higher
(about 3.5). In addition, in the other roster with fast rotation, there was a reduction in sleep hours, which remained
substantially more significant than in the first shift system. In that case, the amount of rest decreased from 8 h of sleep
before the first 3 shifts (the two afternoons and the day shift) to 6 h before the last two morning shifts. In this case, there
was a substantial difference between the hours of sleep, even where there were no consecutive periods of service that
include night hours.

The reduction in sleep hours in conjunction with a service period that includes night hours increases when a roster
provides for multiple consecutive night shifts. A study by Harma and collaborators 42 investigated the relationship
between periods of service that include night hours and perceived fatigue during work and on days off. Using a
guestionnaire, the authors collected information on a sample of more than 7000 hospital employees. Surveys took place
at different stages of collection between 2008 and 2015, and the data were associated with daily records of working time
in the 3 months preceding each survey. The authors found an association between the performance of several periods of
service with night hours and fatigue level (both during work and on days off), altered sleep duration, and difficulty falling
asleep. The suggestion resulting from the research was to limit the allocation of consecutive night shifts as much as
possible.



The same conclusion was reached by Folkard and Tucker 3l in a review on the same subject. The authors summarized
data on the proportion of incidents as a function of various shift characteristics, including the presence of several
consecutive night shifts. The studies considered in the review investigated the relationship between incidents and the
number of consecutive shifts, night shift time, and consecutive service periods, including night hours. Concerning the
latter variable, data on the number of incidents were summed up between seven different studies and subsequently
expressed in proportion regarding the first night shift. Authors found that the average risk increased by about 6% between
the first and second night, by 17% on the third night, and by 36% on the fourth night.

Despite a moderately pronounced effect, the authors report the absence of data useful to explain this phenomenon.
Indeed, the studies analyzed showed a clear increasing trend in the relative risk of incidents following consecutive night
shifts, but there is insufficient information to explain this effect. A possible interpretation lies in the loss of sleep associated
with the performance of a service that includes night hours, which accumulates when multiple shifts are worked out at
night in succession, without the availability of a night to be able to recover from sleep loss. In the same study and using
the same methodology, the authors also compared four consecutive daily shifts to determine whether the increased risk
was due exclusively to the night shift or, in general, to the succession of shifts. The results showed a slight increase after
four consecutive day shifts. The proportion of the incident risk was approximately 2% more on the second day, 7% more
on the third day, and 17% more on the fourth-day shift than on the first day.

The comparison of these studies demonstrate that the increase in risk of incidents is greater after consecutive night shifts
than when subsequent shifts are daytime. An additional risk in performing consecutive night shifts is the so-called “night
shift paralysis”, reported by several ATCOs and described as a short-lived but disabling paralysis that occurs during the
night shift, when workers must maintain a state of wakefulness despite the pressure of sleep. This phenomenon was
reported by 6% of a group of 435 ATCOs in a survey conducted by Folkard and Condon 43 and was related to sleep
deprivation.

| 6. Minimum Rest Periods following a Day Shift

The results reported so far refer to the rest period available following consecutive cycles of shifts, whether day or night.
However, the accumulation of fatigue also depends on the amount of rest available between individual shifts, understood
as the time between the end of one shift and the beginning of the next. This interval is typically variable, and its reduction
typically results in a corresponding reduction in the duration of sleep. One way to allow the operator to avoid an
accumulation of sleep loss is to identify the interval between two shifts necessary for sufficient rest.

A series of studies commissioned by CAMI in 1999 collected information on this issue involving ATCOs. The objective of
the research program was to monitor sleep, mood, fatigue, and cognitive performance in a group of controllers to assess
the association between these factors and the shift system. As reported by Nealley and Gawron &, one of these projects
consisted of a study involving a 21-day data collection on controllers conducted at a Terminal Radar Approach Control
(TRACON) and an Air Route Traffic Control Center (ARTCC). The objective of the study was to assess the effect of shift
times and time off between shifts on quality of sleep, mood, fatigue, and cognitive performance inf ATCOs. Both self-
reported scales—the Positive and Negative Affect Schedule (PANAS) and the Stanford Sleepiness Scale (SSS)—as well
as objective measures (logfile), were collected over the period of 21 days. Results showed a linear relationship between
guantity and quality of sleep, highlighting an overall reduction in sleep hours when the interval between two shifts
decreased. For example, controllers who had 9 h of rest reported higher scores in terms of affect and sleep quality than
controllers who had 8 h of rest. These and other studies confirm the importance of the amount of rest time for the
maintenance of adequate performance. It seems that sleeping fewer than 7 or 8 h per night can compromise the ability to
maintain prolonged attention on a task 24145l even if only 2 h of sleep are lost 4€, and a continuous and prolonged
restriction over time can affect cognitive performance 44,

A shift interval of fewer than 11 h is also called a quick return. In a review on the topic, Vedaa and colleagues 48! found a
reduction in sleep hours to 6.5 h (or fewer) following a quick return. Harma and colleagues 2 reported the association
between a change in the rate of rapid returns and the fatigue reported during the following workdays and days off, as well
as an increase in difficulty falling asleep. Other studies have found associations between quick returns and increased
sleepiness BABABL ang increased fatigue BABAE3 Two studies found that reducing the number of 9-h rapid returns
between evening and morning shifts improved sleep and alertness 24 and caused less fatigue than a control group 22!,
The study by Costa and colleagues 28! also reported a higher level of drowsiness in an 8-h shift interval compared to a
12-hinterval.



Roach, Reid, and Dawson B4, on the other hand, conducted a study to identify the minimum number of hours of break
needed for people to sleep for at least 6 h between two shifts. The data refer to a sample of train drivers who had 24-h
shifts. The authors reported the results in terms of hours of sleep as a function of the duration of the interval, which could
be 12, 16, or 24 h, and of the start of the interval within 24 h. The results showed that participants slept, on average, 5.2 h
when they had a 12 h break, from a minimum of 3.1 h for the break that began in the morning (between 08:00 and 10:00)
to a maximum of 7.9 h for the break that began in the evening (between 20:00 and 22:00). In comparison, an average of
6.5 h of sleep was obtained in the 16-h intervals, again from a minimum of 4.8 h for breaks beginning in the morning
(between 04: 00 and 06: 00) to a maximum of 7.7 h for breaks beginning in the evening (between 18:00 and 20:00). The
average sleep time during the 24-h intervals was 8.9, from a minimum of 6.8 h for breaks beginning in the time slot
between 14:00 and 16:00 to a maximum of 12.3 h for breaks beginning in the morning (between 06:00 and 08:00).

References

1. Botella, J.; Contreras, M.J.; Shih, P.C.; Rubio, V. Two short tests fail to detect vigilance decrements. Eur. J. Psychol.
Assess. 2001, 17, 48-55.

. Eysenck, M.W. Attention and Arousal. In Cognition and Performance; Springer: Berlin, Germany, 1982.

. Mackworth, N.H. The breakdown of vigilance during prolonged visual search. Q. J. Exp. Psychol. 1948, 1, 6-21.

A WD

. Akerstedt, T. Shift work and disturbed sleep/wakefulness. Sleep Med. Rev. 1998, 2, 117-128.

5. Lavie, P.; Chillag, N.; Epstein, R.; Tzischinsky, O.; Givon, R.; Fuchs, S.; Shahal, B. Sleep disturbances in shift workers:
A marker for maladaptation syndrome. Work Stress 1989, 3, 33—40.

6. Wedderburn, A.A.l. Social factors in satisfaction with swiftly rotating shifts. Occup. Psychol. 1967, 41, 85-107.

7. Chang, Y.H.; Yang, H.H.; Hsu, W.J. Effects of work shifts on fatigue levels of air traffic controllers. J. Air Transp. Manag.
2019, 76, 1-9.

8. Folkard, S.; Robertson, K.A.; Spencer, M.B. A Fatigue/Risk index to assess work schedules. Somnol.-Schlafforschung
Schlafmed. 2007, 11, 177-185.

9. Nealley, M.A.; Gawron, V.J. The effect of fatigue on air traffic controllers. Int. J. Aviat. Psychol. 2015, 25, 14-47.

10. Heimdal, J.0.; Strand, S.; Skraaning, G.; Mellett, U.; Vogt, J.D. Shiftwork Practices Study—ATM and Related
Industries; Eurocontrol: Brussels, Belgium, 2006.

11. Rosa, R.R.; Bonnet, M.H.; Cole, L.L. Work schedule and task factors in upper-extremity fatigue. Hum. Factors 1998,
40, 150-158.

12. Baker, K.; Olson, J.; Morisseau, D. Work practices, fatigue, and nuclear power plant safety performance. Hum. Factors
1994, 36, 244-257.

13. Colligan, M.J.; Tepas, D.I. The stress of hours of work. Am. Ind. Hyg. Assoc. J. 1986, 47, 686—695.

14. Latack, J.C.; Foster, L.W. Implementation of compressed work schedules: Participation and job redesign as critical
factors for employee acceptance. Pers. Psychol. 1985, 38, 75-92.

15. Duchon, J.C.; Keran, C.M.; Smith, T.J. Extended workdays in an underground mine: A work performance analysis.
Hum. Factors 1994, 36, 258—-268.

16. Rosa, R.R.; Colligan, M.J. Long workdays versus restdays: Assessing fatigue and alertness with a portable
performance battery. Hum. Factors 1988, 30, 305—-317.

17. Williamson, A.M.; Gower, C.G.l.; Clarke, B.C. Changing the hours of shiftwork: A comparison of 8-and 12-hour shift
rosters in a group of computer operators. Ergonomics 1994, 37, 287-298.

18. Bendak, S. 12-h workdays: Current knowledge and future directions. Work Stress 2003, 17, 321-336.

19. Rosa, R.R. Performance, alertness, and sleep after 3-5 years of 12 h shifts: A follow-up study. Work Stress 1991, 5,
107-116.

20. Rosa, R.R.; Bonnet, M.H. Performance and alertness on 8 h and 12 h rotating shifts at a natural gas utility. Ergonomics
1993, 36, 1177-1193.

21. Rosa, R.R.; Colligan, M.J.; Lewis, P. Extended workdays: Effects of 8-hour and 12-hour rotating shift schedules on
performance, subjective alertness, sleep patterns, and psychosocial variables. Work Stress 1989, 3, 21-32.

22. Rosa, R.R.; Colligan, M. Shift schedule, hours worked, and circadian rhythm influences on performance/alertness.
Sleep Res. 1987, 16, 811.



23.
24.

25.

26.

27.

28.

29.
30.

31.

32.

33.
34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Akerstedt, T. Work injuries and time of day-national data. Shiftw. Int. Newsl. 1995, 2, 12.
Folkard, S. Black times: Temporal determinants of transport safety. Accid. Anal. Prev. 1997, 29, 417-430.

Folkard, S.; Akerstedt, T.; Macdonald, I.; Tucker, P.; Spencer, M. Refinement of the three-process model of alertness to
account for trends in accident risk. In Shiftwork in the 21st Century: Challenge for Research and Practice; Hornberger,
S., Knauth, P, Costa, G., Folkard, S., Eds.; Peter Lang: Frankfurt am Main, Germany, 2000; Volume 21, pp. 49-54.

Nachreiner, F.; Akkermann, S.; Haenecke, K. Fatal accident risk as a function of hours of work. In Shiftwork in the 21st
Century: Challenges for Research and Practice; Hornberger, S., Knauth, P., Costa, G., Folkard, S., Eds.; Peter Lang
Publishing: Frankfurt am Main, Germany, 2000; pp. 19-24.

Goode, J.H. Are pilots at risk of accidents due to fatigue? J. Saf. Res. 2003, 34, 309-313.

Macdonald, W.; Bendak, S. Effects of workload level and 8-versus 12-h workday duration on test battery performance.
Int. J. Ind. Ergon. 2000, 26, 399-416.

Rosa, R.R. Extended workshifts and excessive fatigue. J. Sleep Res. 1995, 4, 51-56.

Schroeder, D.J.; Rosa, R.R.; Witt, L.A. Some effects of 8-vs. 10-hour work schedules on the test performance/alertness
of air traffic control specialists. Int. J. Ind. Ergon. 1998, 21, 307-321.

Fischer, D.; Lombardi, D.A.; Folkard, S.; Willetts, J.; Christiani, D.C. Updating the “Risk Index": A systematic review and
meta-analysis of occupational injuries and work schedule characteristics. Chronobiol. Int. 2017, 34, 1423-1438.

Spencer, M.B.; Robertson, K.A.; Folkard, S. The Development of a Fatigue/Risk Index for Shiftworkers; Research
Report 446; Health and Safety Executive: Norwich, UK, 2006.

Folkard, S.; Tucker, P. Shift work, safety and productivity. Occup. Med. C 2003, 53, 95-101.

Akerstedt, T.; Kecklund, G.; Gillberg, M.; Lowden, A.; Axelsson, J. Sleepiness and days of recovery. Transport. Res. F
Traffic 2000, 3, 251-261.

Akerstedt, T.; Gilloerg, M. Subjective and objective sleepiness in the active individual. Int. J. Neurosci. 1990, 52, 29-37.

Totterdell, P.; Spelten, E.; Smith, L.; Barton, J.; Folkard, S. Recovery from work shifts: How long does it take? J. Appl.
Psychol. 1995, 80, 43.

Knauth, P.; Rutenfranz, J.; Herrmann, G.; Poeppl, S.J. Re-entrainment of body temperature in experimental shift-work
studies. Ergonomics 1978, 21, 775-783.

Kecklund, G.; Akerstedt, T. Effects of timing of shifts on sleepiness and sleep duration. J. Sleep Res. 1995, 4, 47-50.

Kecklund, G.; Akerstedt, T.; Géranson, B.; Séderberg, K. Omlaggning av skiftschema: Konsekvenser for valbefinnande,
halsa, somn/vakenhet och arbetstrivsel. In Resultatrapport 2: Frageformular, Dagbok och Halsoundersokning; Stress
Research Reports; Karolinska Institute: Stockholm, Sweden, 1994.

Cruz, C.E.; Della Rocco, P.S. Sleep Patterns in Air Traffic Controllers Working Rapidly Rotating Shifts: A Field Study
(No. DOT/FAA/AM-95/12); Federal Aviation Administration Washington DC Office of Aviation Medicine: Washington,
DC, USA, 1995.

Saldivar, J.; Hoffman, S.; Melton, C. Sleep in Air Traffic Controllers; Techical Report No. DOT/FAA/AM-77-5; Federal
Aviation Administration, Office of Aviation Medicine: Washington, DC, USA, 1977.

Harma, M.; Karhula, K.; Ropponen, A.; Puttonen, S.; Koskinen, A.; Ojajarvi, A.; Hakola, T.; Pentti, J.; Oksanen, T.;
Vahtera, J.; et al. Association of changes in work shifts and shift intensity with change in fatigue and disturbed sleep: A
within-subject study. Scand. J. Work Environ. Health 2018, 44, 394-402.

Folkard, S.; Condon, R. Night shift paralysis in air traffic control officers. Ergonomics 1987, 30, 1353-1363.
Ferrara, M.; De Gennaro, L. How much sleep do we need? Sleep Med. Rev. 2001, 5, 155-180.

Hudson, A.N.; Van Dongen, H.P.A.; Honn, K.A. Sleep deprivation, vigilant attention, and brain function: A review.
Neuropsychopharmacology 2020, 45, 21-30.

Wilkinson, R.T.; Edwards, R.S.; Haines, E. Performance following a night of reduced sleep. Psychon. Sci. 1966, 5,
471-472.

Van Dongen, H.; Maislin, G.; Mullington, J.M.; Dinges, D.F. The cumulative cost of additional wakefulness: Dose-
response effects on neurobehavioral functions and sleep physiology from chronic sleep restriction and total sleep
deprivation. Sleep 2003, 26, 117-126.

Vedaa, @.; Harris, A.; Bjorvatn, B.; Waage, S.; Sivertsen, B.; Tucker, P.; Pallesen, S. Systematic review of the
relationship between quick returns in rotating shift work and health-related outcomes. Ergonomics 2016, 59, 1-14.



49.

50.

51.

52.

53.

54.
55.

56.

57.

Eldevik, M.F.; Flo, E.; Moen, B.E.; Pallesen, S.; Bjorvatn, B. Insomnia, excessive sleepiness, excessive fatigue, anxiety,
depression and shift work disorder in nurses having less than 11 hours in-between shifts. PLoS ONE 2013, 8, e70882.

Axelsson, J.; Akerstedt, T.; Kecklund, G.; Lowden, A. Tolerance to shift work-how does it relate to sleep and
wakefulness? Int. Arch. Occup. Environ. Health. 2004, 77, 121-129.

Karhula, K.; Harméa, M.; Sallinenac, M.; Hublina, C.; Virkkalaa, J.; Kiviméaki, M.; Vahteraaef, J.; Puttonen, S. Association
of job strain with working hours, shift-dependent perceived workload, sleepiness and recovery. Ergonomics 2013, 56,
1640-1651.

Barton, J.; Folkard, S. Advancing versus delaying shift systems. Ergonomics 1993, 36, 59-64.

Lowden, A.; Kecklund, G.; Axelsson, J.; Akerstedt, T. Change from an 8-hour shift to a 12-hour shift, attitudes, sleep,
sleepiness and performance. Scand. J. Work Environ. Health 1998, 24, 69-75.

Hakola, T.; Paukkonen, M.; Pohjonen, T. Less quick returns—greater well-being. Ind. Health 2010, 48, 390-394.

Kandolin, I.; Huida, O. Individual flexibility: An essential prerequisite in arranging shift schedules for midwives. J. Nurs.
Manag. 1996, 4, 213-217.

Costa, G.; Anelli, M.M.; Castellini, G.; Fustinoni, S.; Neri, L. Stress and sleep in nurses employed in “3 x 8" and “2 x 12"
fast rotating shift schedules. Chronobiol. Int. 2014, 31, 1169-1178.

Roach, G.D.; Reid, K.J.; Dawson, D. The amount of sleep obtained by locomotive engineers: Effects of break duration
and time of break onset. Occup. Environ. Med. 2003, 60, 17.

Retrieved from https://encyclopedia.pub/entry/history/show/55690



