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Biography

Dr. John Caldwell has over 21 years of experience conducting applications-oriented research and
development aimed at improving safety and performance in operational contexts. He has
conducted numerous studies in specialized laboratories and specially-instrumented flight
simulators and aircraft, and he has collected and analyzed a wide variety of cognitive, mood,
physiological, and flight-performance data from pilots. He has developed and delivered a number
of tailored aviation counter-fatigue workshops and well over 100 presentations to physicians,
pilots, scientists, and the general public. He has published one book, six book chapters, over 32
first-author peer-reviewed scientific papers, and more than 60 first-author articles in user-focused
journals, conference proceedings, and government reports. He is a fatigue-management
consultant for a major airline, NASA, the Army, the Air Force, and the Marines. Before joining
Archinoetics, Dr. Caldwell was employed by the U.S. Air Force and the U.S. Army, conducting
research, training, and consultations designed to enhance and sustain the effectiveness of the
operational aviation community. He has completed two assignments with NASA’s Human
Factors Division at Ames Research Center in California where he focused on counter-fatigue
research and applications aimed at aviation and space personnel.
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This presentation will cover
four topics

Quick overview of the primary causes of pilot
fatigue

A summary of the general symptoms of pilot
fatigue

A review of what controlled studies have revealed
about the impact of fatigue on basic piloting
capabilities

A look at how fatigue-induced decrements
translate into operational performance problems
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What are the primary sources of pilot
fatigue
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Both long-haul and short-haul pilots
commonly associate fatigue with
scheduling issues

Night flights (operating at circadian low point)
Multiple time-zone crossings (jet lag)

Early wakeups (truncated sleep)

Time pressure (increased workload)

Multiple flight legs (extended work periods)

Consecutive duty periods without sufficient
recovery time (chronic sleep loss)
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Regional pilots also say scheduling
factors are top contributors to
operational fatigue

m Multiple take-offs and landings every day
(chronically high workload)

Continuous-duty overnights (shift lag)
Reserve status (acute sleep deprivation)
Night flights (operating at circadian low point)
Early report times (truncated sleep)

Breaks that are too short to eat or nap

Extended breaks that translate into long work
hours with minimal flight time
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What are some of the symptoms of
pilot fatigue
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Fatigue degrades performance and

mental abilities

Accuracy and timing degrade

Lower standards of performance become acceptable
Attentional resources are difficult to divide

A tendency toward perseveration develops

The ability to integrate information is lost

Everything becomes more difficult to perform

Social interactions decline

The ability to logically reason is impaired

Attention wanes

Attitude and mood deteriorates

Involuntary lapses into sleep begin to occur —
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Falling asleep on the flight deck is a
common result of fatigue

m Objectively-measured crew micro-sleeps have
been documented during many revenue flights

m Approximately 50% of military pilots admit to
having fallen asleep in the cockpit

m Eighty percent of regional pilots say they have
nodded off during a flight

m Seventy-one percent of corporate/executive pilots
have made a similar admission

m But remember: Long before nodding off occurs,
performance is already impaired!
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After several hours of continuous
wakefulness, alertness decrements In
the cockpit are clear
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Fatigue produces clear and dangerous
neurophysiological effects

m Long-haul pilots are particularly susceptible to
vigilance lapses during cruise segments, but
sleepy pilots will lapse anywhere

m Lapses are more pronounced during return trips
than during outbound trips

m The longer the flight, the greater the probability of
spontaneous micro-sleeps

m Micro-sleeps are 9 times more likely during night
flights than day flights

m One night-flight simulation study revealed
outright sleep episodes in over half the subjects
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Operational research has shown that
microsleeps occur even on final
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Fatigue often rears its head more on the
return trip than on the outbound leg

In-Flight EEG Micro-Events

m By the time of landing in 6 -
Seychelles, the crew had o o Gereeln s et
been awake 22 hours E
m Thelayover (with 5 hours  *°
of daytime sleep) was 12 ]
hours
m EEG micro-events clearly  °] M
indicated escalating 1]
fatigue on the return trip ]
-
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Long duty hours (and long wake periods)
Increase “dozing off” and accident risk

Captains' duty hours and accidents
by length of duty
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Alertness is especially compromised in the
late-night and morning hours

In-Cockpit Nodding Off Episodes

m A study of night flights 60
undertaken in the 1980’s
revealed numerous
Instances of nodding off in
the cockpit

m In the early morning hours,
the frequency of such
lapses increased tenfold

m Note than many of these O
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What are the effects of fatigue on pilot
capabilities
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Fatigue degrades basic piloting skills,
decision making, and teamwork

m Standardized laboratory tests show decrements
In pilots’ attention, reaction time, and accuracy

m Fatigue-induced mood changes compromise
Crew resource management

m Flight simulation and in-flight studies show
deteriorations in fundamental flight skills

m And the group effects fail to highlight the full
extent of impairments experienced by some
pilots
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Complex multi-task cognitive performance
degrades with one night of sleep loss

Responses to Wrong Dial
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Failures to Respond (Dials)
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Self-reported mood deteriorates as a
function of sleep deprivation

Depression Fatigue
300 300
More More
280 [+ 0 e e 250
% 200 F - - - - e e g 200
= g 150
< 150 F - - - - - oo e d =
5 150 S
S 100 $ 100
S 2
& so0 & 50
) 0
v v
50 . . . . . 50 X . . . .
Less 2230 330 830 1330 1830 Less 2230 330 830 1330 1830
Time Time
M Confusion Vigor
Aore 300 More 10
A
250 ........................................ O
D 200 F - - - - (<5}
% = A0
S 150 =
= ©
100 c
S 3
& s0 o 30
0 -40
\ 4 v
50 . . . . . =0 . . , . ‘
Less 2230 330 830 1330 1830 Less 2230 330 830 1330 1830
Time Time

Caldwell, Caldwell, Brown, and Smith (2004) Presented at the FAA_ Fatlgu_e Management Symposium: Partnerships for ARCH OETICS
Solutions; Vienna, VA: June 17-19, 2008



Fundamental flight skills suffer after long
hours of continuous wakefulness
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Some pilots are affected more by fatigue
than others
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What is the impact of fatigue on
operational safety
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The global effects of fatigue undermine
operational performance

m Although “planes aren’t falling out of the sky”,
fatigue increases the risk of a mishap and several

noteworthy mishaps have been attributed to
fatigue

m As they say, if you think safety programs are
expensive, just wait until you get the bill for an
accident

N
Presented at the FAA Fatigue Management Symposium: Partnerships for Solutions; Vienna, VA: June 17-19, 2008 ARCH OETICS



Some infamous aviation

examples
Amer. Intl. Flight 808 Korean Air Flight 801

oy . = >

A

erican Flight 1420 FedEx Flight 1478 w@
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The NTSB found fatigue to be a factor In
each one

m American International 808 (1993) probable cause of this

accident was the impaired judgment, decision-making, and flying abilities of the
captain and flightcrew

m Korea Air 801 (1997) probable cause of this accident was the

captain’s failure to adequately brief and execute the nonprecision approach and the
first officer’s and flight engineer’s failure to effectively monitor and cross-check the
approach.

m American Airlines 1420 (1999) probable causes of this

accident were the flight crew’s failure to discontinue the approach...and failure to
ensure that the spoilers had extended after touchdown.

m FedEx 1478 (2002) probable cause of the accident was the captain’s

and first officer’s failure to establish and maintain a proper glidepath during the night
visual approach to landing. Contributing to the accident was
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NASA’s Aviation Safety Reporting System

contains numerous fatigue reports
I |
m I

m A B747-400 PLT RPTS OBSERVING AN FROM
THE JUMPSEAT RESULTING IN A FAST, LONG LNDG. RPTR
FAILED TO REQUEST A GAR.

m B767 FLT CREW
WHICH CAUSES A WARNING
HORN TO SOUND. THE FLAP LEVER IS THEN MOVED TO 25
THEN BACK TO 30 WHEN THE HORN STOPS, RESULTING IN
TRAILING FLAPS STUCK AT 25.

7~ /0

m A B757 CAPT REPORTS HAVING

.POOR

CRM CITED ON AN EARLY MORNING FATIGUED FLT.
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Internal airline safety reports highlight
fatigue’s impact on operations

m In one company, fatigue was found to contribute
to 9 percent of FSAP reported events:

— 88% of
— 42% of
— 41% of
— 21% of
— 13% of
— 13% of
— Etc...
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And just last week, pilot fatigue made the
news in every major media outlet (again)
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Summary and conclusions

Fatigue is a major risk factor in aviation operations

Scheduling factors are primarily responsible for
fatigue-related problems

Sleep deprivation and circadian disruptions
compromise basic pilot functioning and
fundamental flight skills

In-flight and simulation studies have shown the
extent of cognitive, mood, and skill decrements

NASA’s ASRS and company FSAP reports have
documented the impact of fatigue on operational
performance

Fatigue is a ISsue requiring scientifically-

based solutions!
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