
Guidelines Manual for Investigating Human
Fatigue in Aeronautical Occurrences

May-2020

8. References:
[1] Shappell SA and Wiegmann DA. U.S. naval aviation mishaps 1977-92: Differences 
between single- and dual-piloted aircraft. Aviation, Space, and Environmental 
Medicine 1996; 67 (1), 65-9.

[2] Kern T. Culture, environment and CRM. New York: Mc-Graw-Hill, 2001.

[3] Mosier KL. Searching for coherence in a correspondence world. Judgment and 
Decision Making 2009; 4 (2), 154-63.

[4] Parasuraman R and Riley V. Humans and automation: Use, misuse, disuse, 
abuse. Human factors 1997; 39 (2), 230-53.

[5] Mosier KL, Skitka LJ, Heers S and Burdick M. Automation bias: Decision 
making and performance in high-tech cockpits. The International journal of aviation 
psychology 1998; 8 (1), 47-63.

[6] Cassiano SK. Fadiga na aviação civil: um desafio à investigação e prevenção de 
acidentes aeronáuticos. Revista Conexão Sipaer 2018; 9 (3): 12-21.

[7] Comissão Nacional da Fadiga Humana. Guia de investigação da fadiga 
humana em ocorrências aeronáuticas. Brasília: CNFH; 2017 [accessed 31 jan. 
2020]. Available at: http://cesv.cenipa.gov.br/index.php/publicacoes/219-guia-de-
investigacao-da-fadiga-humana-em-ocorrencias-aeronauticas

[8] International Civil Aviation Organization. DOC 9966 Fatigue Risk Management 
Systems-FRMS: Manual for Regulators. Montreal: ICAO; 2012.

[9] National Transportation Safety Board. National Transportation Safety Board 
Methodology for Investigating Operator Fatigue in a Transportation Accident. 
Version 2.0. USA: NTSB; 2006 [accessed 31 Jan. 2020] Available at: https://www.
ntsb.gov/investigations/process/Documents/fatigue_checklist_V%202_0.pdf

[10] Transportation Safety Board of Canada. Guide to investigating sleep related 
fatigue. Canada: TSB; 2014.

26



Guidelines Manual for Investigating Human
Fatigue in Aeronautical Occurrences

May-2020

[11] Dinges DF. Napping patterns and effects in human adults. In: Dinges DF, 
Broughton RJ, editors. Sleep and alertness: chronobiological, behavioral, and 
medical aspects of napping. New York7 Raven Press; 1989. p. 171 - 204.

[12] Tune GS. Sleep and wakefulness in 509 normal human adults. Br J Med Psychol 
1969; 42: 75 - 80.

[13] Mitler MM, Carskadon MA, Czeisler CA, et al. Catastrophes, sleep, and public 
policy: consensus report. Sleep 1988; 11 (1): 100 - 9.

[14] Monk T. (2005). The post-lunch dip in performance. Clinical Sports Medicine, 
24, e15-e23.

[15] Mello MT de, Esteves AM, Pires MLN, Santos DC, Bittencourt LRA, Silva RS 
and Tufik S. Relationship between Brazilian airline pilot errors and time of day. Braz 
J Med Biol Res 2008; 12 (41): 1129-31.

[16] Lei N0 13.475 de 28 de Agosto de 2017. [accessed on 31 jan. 2020] Available 
at: http://www.planalto.gov.br/ccivil_03/_ato2015-2018/2017/lei/L13475.htm

[17] Agência Nacional de Aviação Civil. Regulamento Brasileiro de Aviação Civil 
(RBAC 117): Requisitos para gerenciamento de risco de fadiga humana. Brasília: 
ANAC; 2019 [accessed 31 jan. 2020]. Available at: https://www.anac.gov.br/
assuntos/legislacao/legislacao-1/rbha-e-rbac/rbac/rbac-117-emd-00

[18] Richter S, Marsalek K, Glatz C and Gundel A. Task-dependent differences in 
subjective fatigue scores. Journal of Sleep Research 2005; 14, p.393-400.

[19] Waterhouse J, Reilly T, Atkinson G and Edwards B. Jet lag: trends and coping 
strategies. Lancet 2007; 369, pp.1117-29.

[20] Caldwell JA, et. al. Aerospace Medical Association, Fatigue Countermeasures 
in Aviation. Aviat Space Environ Med, 2009; 80: 29–59.

[21] Licati PR, Rodrigues TE, Wey D, Fischer FM and Menna-Barreto L. Correlação 
dos prognósticos do programa FAST com relatos de fadiga de pilotos da aviação 
civil brasileira.  Revista Conexão Sipaer 2015; 6 (1): 7-17.

[22] European Union Aviation Safety Agency. Effectiveness of Flight Time Limitation 
(FTL). EASA; 2019. [accessed 31 jan. 2020]. Available at: https://www.easa.europa.
eu/sites/default/files/dfu/Report%20on%20effectiveness%20of%20FTL_final.pdf

27



Guidelines Manual for Investigating Human
Fatigue in Aeronautical Occurrences

May-2020

[23] Dinges DF, Graeber RC, Rosekind MR, Samel A, Wegmann HM. Principles and 
guidelines for duty and rest scheduling in commercial aviation. Moffett Field, CA: 
NASA Ames Research Center; 1996. Report No: 110404.

[[24] Rodrigues TE, Fischer FM, Bastos EM, Baia L, Bocces R, Gonçalves FP, Licati, 
PR, Menquini A, Spyer P, Stefenon E and Helene AF. Seasonal variation in fatigue 
indicators in Brazilian civil aviation crew rosters. Article accepted for publication in 
the Revista Brasileira de Medicina do Trabalho.

[25] Gibb RW. Visual spatial disorientation: Revisiting the black hole illusion. Aviation, 
Space, and Environmental Medicine 2007; 78 (8), 801-8.

[26] Gibb RW, Schvaneveldt R and Gray R. Visual misperception in aviation: Glide 
path performance in a black hole environment. Human factors 2008; 50 (4), 699-
711.

[27] Perrone JA. Visual slant misperception and the black-hole landing situation. 
NASA; 1983. [accessed 31 jan. 2020]. Available at: https://ntrs.nasa.gov/archive/
nasa/casi.ntrs.nasa.gov/19840008727.pdf

[28] Bureau d’Enquêtes et d’Analyse pour la securité de l’aviation civile. Study on 
Airplane State Awareness during Go-Around. BEA; 2013. [accessed 31 jan. 2020]. 
Available at: https://www.bea.aero/etudes/asaga/asaga.study.pdf

[29] Palmer E. Oops, it didn’t arm-a case study of two automation surprises. In 
Proceedings of the Eighth International Symposium on Aviation Psychology 1995; 
pp. 227-32.

[30] Sarter NB, Woods DD and Billings CE. Automation surprises. Handbook of 
human factors and ergonomics 1997; 2,1926-43.

[31] Hursh SR, Redmond DP, Johnson ML, Thorne DR, Belenky G, Balkin TJ, Storm 
WF, Miller JC and Eddy DR. Fatigue Models for Applied Research in Warfighting. 
Aviat Space Environ Med 2004; 75 (3 Suppl): A44–53.

[32] by Vasconcelos CA, Vieira MN, Kecklund G, Yehia HC. Speech analysis for 
fatigue and sleepiness detection of a pilot. Aerosp Med Hum Perform 2019; 90 (4): 
415–18.

[33] Agência Nacional de Aviação Civil. Anuário do Transporte Aéreo – Gráficos e 
Tabelas. Brasília: ANAC; 2019 [accessed 31 jan. 2020]. Available at: https://www.
anac.gov.br/assuntos/dados-e-estatisticas/mercado-de-transporte-aereo/anuario-
do-transporte-aereo/dados-do-anuario-do-transporte-aereo

28



Guidelines Manual for Investigating Human
Fatigue in Aeronautical Occurrences

May-2020

The desktop publishing of this Manual was sponsored by the following entities:

29



Guidelines Manual for Investigating Human
Fatigue in Aeronautical Occurrences

May-2020
30

Topic Guidance questions YES NO

Sleep history
Does the history of the past 72 hours suggest that the individual 
slept less than 8 hours a day, or less than usual, if this pattern is 
known, or even if any of the sleep events were of poor quality?

Wakefulness period
Was the individual awake for 16 hours or more at the time of the 
aeronautical event?

Time of the day
Did the incident or accident occur during more critical periods of 
sleepiness, that is, between 0h00 and 06h00?

Jet lag
Is there evidence that the individual was not with his/her sleep-
wake cycle synchronized with the legal time in the time zone of 
occurrence?

Workload

Is there evidence that the workload (physical or mental) was high 
during the duty period or that the cognitive demand to perform the 
tasks was high and/or unusual? Is there evidence that there was 
monotony or underload at the time of the occurrence?

Performance
Does evidence suggest that the aeronautical event was the result of 
inaction (lethargy/inertia) or that there was forgetfulness or even a 
reduction in the individual’s attention capacity?

ANNEXES:
	 •	Initial	Screening
	 •	Checklist	Axis	1:	Fatigue	susceptibility
	 •	Checklist	Axis	2:	Performance

INITIAL SCREENING
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Topic Guidance Suggested questions

Sleep duration

Check, if possible, if the individual had 
adequate sleep periods in the days preceding 
the occurrence.

1.During your days off, assuming you can 
sleep normally at night, what time do you 
usually go to bed?

2.During your days off, what time do you 
wake up?

3.How much sleep do you think you should 
sleep to feel well?

4.Inform, if possible, what time you went to 
bed and woke up in the last 3 days before 
the aeronautical event.

5.Was there a brief nap/sleep period in the 
last 24 hours prior to the event?

Use, if possible, information on sleep and 
awake time for at least 72 hours before 
the event, and compare this data with the 
individual’s usual sleep time, if this pattern is 
known, including partial episodes of sleep 
during the day.

Try to identify when was the last time that 
the individual had the opportunity to recover 
the sleep debt, considering, at least, two 
consecutive nights of sleep and totally 
adapted to the legal time of the aeronautical 
occurrence.

Sleep quality

If possible, check whether the individual’s 
sleep was fragmented (for example, 
several episodes of sleep over a 24-hour 
period) and/or restless (for example, 
waking up during sleep due to individual or 
environmental factors) in the days preceding 
the occurrence.

1. Were there any factors in the resting 
environment that interfered with your 
sleep? For example: noise, light, phone 
calls, etc...?

2. Was your sleep pattern different or was it 
interrupted in the days before the event?

3. How do you rate your sleep at home? 
Poor, regular, good or excellent? 
Considering that your sleep at home is 
excellent, how do you rate your sleep at 
the rest facility provided by the company 
(poor, regular, good or excellent)?

4. On the day of the incident, were you 
subjected to an environment or unusual 
tasks that may have caused excitement or 
drop in alert? 

Wakefulness 
period

Check how long the individual was awake at 
the time of the occurrence, using interviews 
or records to estimate the time of the most 
recent awakening before the event under 
investigation.

1. What was your wake-up time? (it is 
suggested that the period of 16 hours 
or more of continuous wakefulness be 
adopted as a reference for suspected 
fatigue susceptibility.).

CHECKLIST AXIS 1: FATIGUE SUSCEPTIBILITY
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Topic Guidance Suggested questions

Biological 
rhythms, jet 
lag and sleep 
inertia

Check if the critical event occurred during the 
dawn, that is, from 0h00 to 06h00.

1. In the past few weeks, have you 
experienced any of the following:
•	Crossing	of	three	or	more	time	zones	

(east  west or west  east) without a 
period of at least three local nights for 
adaptation?

•	Starting	or	finishing	work	between	11	pm	
and 7 am?

•	Main	sleep	occurred	during	the	day	or	
during the afternoon?

•	Main	sleep	occurred	at	variable	times?

Assess whether there is evidence that the 
individual did not have his biological rhythms, 
especially those associated with sleep and 
wakefulness, adapted to the legal time of the 
occurrence.

Check for evidence that the individual could 
be under the effect of sleep inertia at the time 
of the occurrence.

Workload

Check if the workload to which the individual 
was subjected was high or if there was an 
underload in the period before the event.

1. Have you been subjected to an unusual 
environment or tasks that may have caused 
an underload or overload of work?

Check the cognitive demand for the activities 
that preceded the incident/accident in order 
to verify whether there are indications that 
the individual’s performance was not good 
enough to deal with the complexity of the 
tasks required for the correct management of 
the presented circumstances.

Individual 
and/or health 
aspects

Check if individual aspects or health 
problems (sleep disorders or use of 
psychoactive substances) were present in the 
individual’s history. Check if substances that 
affect sleep and/or alertness were used.

1. Do you have difficulty to fall asleep or to 
stay asleep?

2. Have you ever been diagnosed with a 
sleep disorder?

3. Do you use drugs/medication regularly? 
Which are they? What is the frequency?

4. Did you use drugs or medication on the 
day of the incident? Which are they?

5. Do you have medical problems that 
affect sleep, for example, chronic pain, 
gastroesophageal reflux or sleep apnea?

6. Do you have children? How old are they?

Verify that: the individual’s eating habits 
are adequate and that physical activity is 
practiced regularly; extra flight activities in 
general; travel time from home to work and 
vice versa.

If possible, check for any relevant 
psychological issues or family conflicts that 
are compromising the individual’s quality of 
rest.

CHECKLIST AXIS 1: FATIGUE SUSCEPTIBILITY
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Topic Guidance Suggested questions

Organizational 
and 
management 
aspects

Check for the existence of 
organizational and management 
factors that may contribute to fatigue 
susceptibility.

1. What were the last times you took a night flight 
before the event?

2. During this period, did you run consecutive 
schedules on alternate shifts without adequate 
recovery periods?

3. Did you have early-starts, typically between 6:00 
am and 8:00 am?

4. Were there multiple flight sectors of operation?

5. Were you subject to successive schedules with 
a counter-clockwise pattern (check-in times 
systematically anticipated in relation to the previous 
day)?

6. Have you had significant changes between your 
published and executed flight schedule, without 
due predictability to provide adequate rest?

7. Did the roster comply with the regulations (Law 
13.475/17, RBAC 117, or specific operation, as 
applicable)?

If possible, check the work 
schedules (planned and executed); 
time spent from hotel to airport 
and vice-versa; the check-in and 
check-out times of the duty period; 
whether the resting facility at the 
hotel or in flight was adequate to 
perform the schedule; and the 
policies and procedures adopted by 
the company/organization related to 
Fatigue Risk Management.

If possible, check whether union 
or association representatives 
have received fatigue reports or 
complaints from the individual 
or other individuals on similar 
schedules.

Check if there is evidence that the 
current regulation may not have 
been sufficient to mitigate the fatigue 
risk.

CHECKLIST AXIS 1: FATIGUE SUSCEPTIBILITY
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Topic Guidance Suggested questions

Performance of 
the individual

Assess whether the individual’s performance 
was consistent with the effects of fatigue.

1.Was there evidences that the individual 
forgot or ignored tasks or parts of tasks?

2. Did the individual’s focus on a task exclude 
other important information?

3. Was there evidence of delayed responses 
to stimuli or apathy? 

4. Was there evidence of impaired decision-
making or an inability to adapt the 
behaviour to new information?

5. Was there evidence of altered speech 
or any kind of misunderstanding in the 
communication between the pilots and the 
ATC?

Use available evidence to determine 
whether the individual’s performance was 
deteriorating prior to the aeronautical event.

Whenever possible, request a technical 
evaluation of the recorded speech data, 
in order to identify if there were variations 
compatible with signs of fatigue or 
sleepiness.

Behaviour and 
physiognomy of 
the individual

Analyze whether the individual’s physiognomy 
or behavior before the aeronautical event was 
suggestive of sleepiness or fatigue.

Use: (1) individual report on perception 
of fatigue; (2) testimonials from other 
crewmembers, co-workers or observers; (3) 
audio files [aspects of pilots’ communication 
with ATC and audios stored in the Cockpit 
Voice Recorder (CVR) for performance 
evaluation] and, (4) videos (crew room, 
boarding, ramp, etc.)

CHECKLIST AXIS 2: PERFORMANCE


