Throughout the presentation, the following works are used as references:

Rosekind, M.R., Co, E.L., Gregory, K.B., Miller, D.L. (2000).  Crew Factors in Flight Operations XIII:  A Survey of Fatigue Factors in Corporate/Executive Aviation Operations, NASA Technical Memorandum 2000-209610.

This research report , which is a part of the NASA Fatigue Countermeasures Program, can be found online at:  http://human-factors.arc.nasa.gov/zteam/PDF_pubs/Flight_Ops/Flight_Ops_XIII_CorpSurv.pdf.  All bar graphs in this presentation were adapted from this work.

Kavanagh, Jennifer (2005).  Stress and Performance:  A review of the Literature and Its Applicability to the Military, Rand Corporation.

This literature review, while applied to the military, covers a wide range of research studies on stress and fatigue.  It can be found online at: http://www.rand.org/pubs/technical_reports/2005/RAND_TR192.sum.pdf

Battelle Memorial Institute, An Overview of the Scientific Literature Concerning Fatigue, Sleep and the Circadian Cycle, 1998. 

This literature review was prepared for the Office of the Chief Scientific and Technical Advisor for Human Factors, Federal Aviation Administration, and can be found online at:  http://cf.alpa.org/internet/projects/ftdt/backgr/batelle.htm.

Many of the recommendations for managing stress, while mentioned in the above articles, are described in detail on the website www.stressfocus.com.  This website amplifies the list of stress reducers, gives details on effects of stress on specific physiological systems, and includes recommendations on nutrition as well.  The classic (color) graph of the Physiological Stress Response, included in every introductory Psychology textbook, is located on this website.

The photographs included in this presentation are the property of Dennis Whitley, Karen Dunbar and Nicola Carr, and are used with permission.

Any other information source not referenced above is the result of my training and experience working in Clinical Psychology and are my own opinions.

A Note on the airport pictures:  These photos were taken on a cellphone camera at an overseas airport in approximately 2006.  The airport manager was notified and the photos were forwarded to him for action.
Some Definitions

Stress – the condition that results when person-environment transactions lead the individual to perceive a discrepancy, whether real or not, between the demands of a situation and the resources of the person’s biological, psychological or social systems.

Stress is believed to trigger 70% of visits to doctors, and 85% of serious illnesses. 

Fatigue – deterioration in human performance, arising as a consequence of several potential factors, including sleepiness 

At its’ simplest, stress is adaptation to circumstances and fatigue is the inability to adequately adapt to circumstances.

Physiological Stressors

Sleep is physio necessity

Sleep Loss


Loss of 1 hr decreases alertness


Loss of 2 hr decreases alertness and performance


Performance after 17 hours awake equal to BAC of .05%


Performance after 24 hours awake equal to BAC of .10%


Sleep loss accumulates into sleep debt

Age related changes


Sleep quantity and quality change with age

Environment


Dark, quiet, cool, comfortable sleep surface

Individual Factors


Adjustable environ is important


Stress, thoughts or worries is in top 5 interferences in onboard crew rest facilities

Physiological Stressors II
Circadian Rhythm is the cycle of physio function, where functioning of body systems is entrained to the light/dark cycle

Max alertness  9 -11 am and 9 - 11 pm

Min alertness   3 - 5 am and 3 - 5 pm

Difficult to sleep in max alert times

Difficult to stay awake in min alert times

Can’t adjust quickly to time zone changes

Can’t adjust quickly to irregular schedules

Adjustment can take days to weeks


Depends on individual factors 


Depends on number of time zones crossed


Depends on direction of time zone crossings 



(e to w is easier, w to e is harder)

Physiological Stressors III
Illness

Overexertion

Heat

Poor Nutrition

Noise

Psychological Stressors

Emotional – family conflicts, interpersonal conflicts

Social – includes traffic

Vocational – work pressures

Financial – we all know about that one

Family – includes family member illness, issues with children (or parents), etc.

Stress Response Graph

This is a graph of a response to a stressful situation that doesn’t go away.

It shows how stress can lead to fatigue.

Pic British Airways Check In Desk

Here’s an example of something that will weigh on your mind for the 9 hour flight to London:

You take a couple of pics of this interesting fellow at the check-in desk, but don’t look closely at the pics until the plane has taken off………..

Pic of Box being checked

Like I said, this could create a lot of stress that could last the whole flight!

Physiological Effects of Stress

Release of stress hormones – adrenaline and cortisol

Limbic System 




Emotional symptoms – anxiety, depression, mood swings

Frontal lobe – 



short and long term memory disturbances

Cardiovascular – 

adrenaline increases heart rate and force of contraction to 

increase cardiac output

Contraction of blood vessels, increasing blood pressure to 

improve blood supply to various tissues

Respiratory – 


increase rate of breathing to deliver oxygen to organ systems

Metabolism

release of energy in the form of sugars from glycogen stores in
 liver and muscle

Physiological Effects of Stress II
Immune system


cortisol is an immunosuppressant

Non-essential Systems


diversion of blood from less vital to more vital organs


Spleen, gastrointestinal tract (diarrhea) and skin get reduced blood flow (goosebumps)

Stress, Pilots and Flying

This data is from a study of 1488 corporate pilots

Off Duty Sleep Data

Nights at home between trips – 4.2

Average sleep at home    22 min to fall asleep , sleep duration 7h 17 min  BUT, NASA study of short haul pilots w/ 12.5 hrs between shifts got only 6.7 hours sleep


60% report snoring which can reduce effective sleep time, and overweight (n=916!) report significantly more snoring than normal weight pilots

Problems getting to sleep  - 39% report problems “sometimes” or “often”

Sleep promoters – pillows, readiness for sleep, sleep surface, ventilation, comfortable clothing

Sleep interference – thoughts/worries, thirst, hunger, heat, high humidity, random noise events, background lighting

Flight Information

13.8 days per month

35.2 hours per month flight time

Delays – Typical month


Actual IFR – 4.8 hr, (range 1.1 to 10.5)


Flight Delay – 17 min (range 4 min to 1 h 16 min)


ATC delay – 2.4 times per month


Weather delay – 1.4 times per month


Company mandated delay – 2.1 times per month


Mechanical delay – 0.3 times per month

High Density operating area – 3.8 times per week

Non-radar Environment – 4.4 times per month

Time on Ground between legs – avg 7 hr (range 2h to 26 h)

Types of Flights 


Domestic 18.5 per month


International 1 per month


>80% crossed 3 or fewer time zones, 


<4% crossed 4-6 time zones


<2% crossed more than 6 time zones

Duty Day Length and Fatigue 

Pilots working longer duty days rated pilot fatigue as a much more significant concern than pilots who typically work shorter days

Significantly more of long duty day pilots reported microsleeps/nodding off (74%) than shorter day pilots (69%).

Fatigue

Significance – 74% said fatigue is moderate or serious concern

Frequency – 61% said that it was a “common occurrence”

Interference with duties – Not surprisingly, approach/landing was most commonly cited flight phase affected by fatigue


71% reported microsleep during a flight and 39% arranged for a pilot nap in the cockpit during flight.


13% said fatigue prevented them from flying a scheduled trip

Research Based Considerations

Research other than corporate pilot study focus on the following issues for corporate/exec pilots and fatigue

Time on task 
Single Task
Cognitive - optimal performance - after about five hours,   lowest levels - after 12 to 16 hours on task

Monitoring/vigilance - monotonous vigilance tasks could decrease alertness by 80 % t in one hour based on increased EEG theta activity which correlates with a sleep-like state
Switching Tasks
Manufacturing environment – number of errors made was relatively high at the beginning of the shift, then decreased because of re-familiarization with the task. Optimal levels were reached within a few hours, then declined over the eight-hour shift. 

Workers on 12-hour shifts became considerably more fatigued than in more traditional eight- to 10-hour shifts 

Confirmed in nurses (Mills et al., 1983), industrial shift workers (Colligan & Tepas, 1986), night shift workers (Rosa & Colligan, 1987), sea watch workers (Colquhoun, 1985), and truck drivers (Hamelin, 1987). The latter study also found an increase in the number of accidents that occur when 12-hour shifts are used. 
Time since awake

NTSB analysis – (1978-1990) – Domestic air carrier accidents – 


Time since Awake (TSA) was dominant fatigue-related factor. 



Performance decrements of high time-since-awake crews tended to result from ineffective decision-making rather than deterioration of aircraft handling skills.

 
Two peaks in accidents: in the morning when time since awake is low and the crew has been on duty for about three to four hours, and when time-since-awake was high, above 13 hours


Sleep loss creates sleepiness leading to decrements in vigilance, reaction time, memory, psychomotor coordination, information processing, and decision-making (e.g., fixation on certain aspects of a situation to the neglect of other information) 

Task type 
Duties known to be fatiguing/increased workload – 

Increases in heart rate occurred during the approach and landing phases when 


compared with other duty period activities.


 Because heart rate increase is a common measure of workload, this suggests that 


proposals to limit landings for flights that have other known fatigue 


factors (e.g., time since awake, window of circadian low, extended flight 


duty periods) may be appropriate


 Weather/congestion/modifications requiring immediate adaptation
Duty period duration 
Length of Duty - at or above 12 hours are associated with a higher risk of error across a number of occupational settings

    Pilots - especially with other fatigue-related factors, including number of legs, whether the flight impinges on the window of circadian low (WOCL), and time since awake.   
 
Environmental factors
Physical environment of cockpit – vibration, poor ventilation, noise, and limited automation can contribute to the buildup of fatigue or accelerate its onset when coupled with time since awake, number of legs, and whether the flight involves the window of circadian low.

Time of Task/Circadian Rhythm factors – 


There is a substantial body of research that shows decreased performance during night shifts as compared with day shifts. The reasons for this decreased performance include: 


Circadian pressure to sleep when the individual is attempting to work. 


Circadian pressure to be awake when the individual is attempting to sleep. 


Time since awake may be substantial if the individual is up all day before reporting for the night shift. 


Cumulative sleep debt increases throughout the shift. 


Aviation Safety Reporting System researcher state that 31 percent of incidents occurring between 2400 to 0600 hours were fatigue related. 



Many pilots begin night flights already having been awake more than 15 hours.



Found as many as five micro-sleeps per hour per pilot after five hours into a night flight. 



62 percent of all pilots studied rated their fatigue great enough to be unable to fly any longer after their night flight.


Performance can also be affected by cumulative fatigue buildup across multiple days.



Pilots flying two consecutive nights with 24 hours between flights slept about two and a half hours less during their daytime layovers (8.66 hours versus 6.15 hours), experienced a significant decline in alertness on the second night flight. 





Alertness during the first six hours in both flights appeared to be the same. 



The latter part of the second flight showed increased desynchronization of EEG alpha wave activity, indicating lower levels of alertness. 



Spontaneous dozing indicated an increased susceptibility sleep. 





Subjectively, pilots felt greater fatigue on the second night.



Conclusion - providing opportunity to rest during the day may not be sufficient to compensate for the demands of night flying.

Location of task – 


Commute – long commutes add to the length of the duty day


Time zone crossings – increased circadian rhythm and sleep disruption as discussed earlier

Let’s Take a Simulated Flight
8-10 volunteers in circle – add in one koosh ball for each stressor

Stressful flight first


Poor sleep the night before/Worrying about downsizing rumors at work (physio 


and psych stress)


Have been dieting:  salad night before and skipped breakfast x/ 5 shots espresso 


(physio stress)


Late leaving home (Time pressure)


Rain on way to airport/Traffic Jam (Delay)/


Argument with spouse about leaving home late (increased blood pressure and 


adrenaline)

Flight


Ground delay (more time pressure)


IFR Flight (increased demand for vigilence)


ATC Rerouting (requires break in routine, prioritizing, delay))


Turbulence (more adrenaline, physio discomfort)


High Traffic Density at destination (lots of adrenaline, increased demand for 


vigilence)

Major Factors on “Most Fatiguing Work Day”
Graph

Long duty days

Early morning departures,

Multiple legs

Night flight

Weather or turbulence

Long waits (especially of unpredictable length, which can interfere with possible rest)

Consecutive duty days (especially when compounded with other of the top 10 stressors)

Delays

Note:  Excessive flight time was NOT identified as a fatigue factor, but 6 of the top 10 stressors related to length and scheduling of duty day.

Other stressors:

There are additional stressors that can add to the total stress load:

Mission – Lifeflight/Angelflight/other medical missions may create additional stress and time pressure for pilots (not addressed by the study)

Dealings with passengers – Passenger interactions may add stress, time pressure, cockpit 
distractions

Temperature – high or low ambient temperatures

Icing

ATC interactions

Sudden scheduling changes

A/C vibration

Unpressurized cockpit

Noise

Luggage handling

Aircraft servicing

Dehydration

Boredom

Age

Anticipation of a stressor (can increase physiological response to the stressor)

Uncertainty

Sense of Lack of Control

Pilot Reported Effects of Fatigue on Performance
Graph

Slowed and degraded cog abilities, esp judgment and decision making

Slowed rx time

Degraded alertness, incl loss of sitnl awareness

Inability to concentrate

Worsened mood, incl complacency and irritability

Errors of omission

Deteriorated Flying Skills

Increased errors of commission

Note:  These reported effects of fatigue on performance are consistent with established scientific findings

Also documented in the scientific literature:

Screen out peripheral stimuli and oversimplify

Make decisions based on heuristics (rules of thumb or guidelines)

Suffer from performance rigidity (do what you habitually do) or narrow thinking

Lose ability to analyze complicated situations and manipulate info
Decreased short term memory

Decreased work efficiency and accuracy

Reduced motivational drive (i.e., “don’t care”)

Increased variability in work performance

Change in the level of acceptable risk an individual will tolerate

Loss of ability to perceive and adjust to new aspects of the task

Slowed task completion

Extended exposure to stress can lead to:

Emotional exhaustion

Lower organizational commitment

Increased turnover intentions

Cardiovascular disease

Muscle pain

Stomach and intestinal problems

Decreased fertility

Reduced immune system strength

Anger,

Anxiety

Depression

Sleep problems

Stress Management Strategies

Before the flight/All the Time!
Pic of Nicola 

This pic demonstrates three:

Take a break

Get out into nature

Spend time with pets/Hang out with your best friend

Also:

Acknowledge stress, talk it over with someone helpful and supportive

Limit exposure to overly stressed people – stress can be contagious

Deep breathing – breathe in count to seven, breathe out count to 11

Stress release – laughter, mirror image game, have a contest to draw a map of the world from memory, mnemonics game with airline names or airplane names

AIR INDIA - After I Return I'll Never Do It Again.

ALITALIA - Airplane Lands In Tokyo And Luggage In Atlanta (etc, etc.)/


Always Late In Take-off, Always Late In Arrival/


A Little Italian Tradition And Lotsa Italian Attitude.

DELTA - Divert Everyone's Luggage To Atlanta/Don't Expect Luggage To Arrive/Doesn't Ever Leave The Airport/Didn't Expect To Land There Anyway/Don't Expect to Leave the Terminal Alive.
EASYJET - Economy Airline Slows Your Journey Every Time.

OR

Apache – A Plane a Child Can Handle Easily

Shuttle – Some have understood the tail, little else

Baron – Big airplane runs on nothing

Cessna – Charges excessive, seats skinny, no amenities

Piper – Practice in picking emergency runway

Self-Management of Stress

Self management of stress on off-duty time was not included in Dr. Rosekind’s study, but it is extremely important for increasing resilience to stresses on the job.

Physical – mild to moderate exercise, outdoor recreation, progressive muscle relaxation, yoga

Social – positive psychosocial activity/time with social support networks, family time, sports, pets

Behavioral – managing chemical stress (stay away from those hangovers!), minimizing environmental stress, acting to lower overall stress load, entertainment encouraging mental activity such as reading and video games

Cognitive – emotional and cognitive reframing/restructuring, meditation, mental imagery, self-hypnosis, music/relaxation tapes, hobbies

Recuperative – rest, relaxation, sleep
Stress Management Strategies

During the Flight
Graph
Strategies most often reported by the pilot participants

Move/stretch

Keep busy

Hydrate

Conversation

Caffeine

CRM/SOP’s

Eat

Nap

Cool/vent

Concentrate

Research also suggests:

Stretching and isometric exercises in seat

Writing, chewing gum

Complex carbs (to avoid sugar high and sugar crash from simple carbs)

Deep slow breathing – breathe in count to seven, breathe out count to 11

So Where Does That Leave Pilots?

I  llness

M edication

S tress

A lcohol

F atigue

E ating

Manage your stress before your stress manages to make you a statistic!
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