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AVIATION RULEMAKING ADVISORY COMMITTEE
RESERVE REST WORKING GROUP

PROPOSAL OF 77,955 AIRLINE PILOTS
January §, 1999

PREAMBLE
This document is submitted on behalf of approximately 78,000 commercial airline
pilots. The proposal that follows contains our recommendations for Federal Aviation
Regulations concerning rest requirements and duty limitations for reserve pilots. Itis
applicable to all Domestic and International Part 121 operations under FAR Subparts Q,
R, and S. Part 135 regulations should be revised to provide a level of safety equivalent to
this proposal.

Our proposal is presented in two parts. Part I is the proposed regulatory language.

Part II provides our intent, examples, and rationale. The scientific support for our
proposal is included in the endnotes. =

We are pleased that both pilots and air carriers were able to agree on the

following elements of a proposed reserve rest rule:

1. A pilot should be scheduled by the operator to receive a protected time period
as an opportunity to sleep for every day of reserve duty. The operator may not
contact the pilot during this period.

2. An operator should limit the movement of a pilot's protected time period
during consecutive days of reserve duty to ensure circadian stability.

3. Areserve pilot’s availability for duty should be limited to prevent pilot fatigue

as a result of lengthy periods of time-since-awake.



4. Sufficient advance notice of a flight assignment can provide a reserve pilot

with a sleep opportunity.

We believe that it is incumbent upon the Federal Aviation Administration (FAA)
to include time-of-day as a factor in designing duty and rest limitations. A substantial
body of research and pilot reports shows that a decrease in performance frequently occurs
during “back-side-of-the-clock” operations due to circadian factors. To address this
issue, our proposal provides for a reduction in the reserve availability period when
scheduled duty touches the 0200 — 0600 time period, or what the scientists refer to as the
“window of circadian low.”

Our submission refers to several documents that have provided us with a
foundation of scientific support. Prominent among them is NASA Technical
Memorandum 110404, Principles and Guidelines for Duty and Rest Scheduling in
Commercial Aviation, (May 1996). This document, herein referred to as NASA TM.
offers NAS/X;S _specific recommendations on duty and rest limitations based on more than
20 years of extensive research into the cause and prevention of pilot fatigue. Itis
attached hereto as Appendix A.

Another reference is An Overview of the Scientific Literature Concerning
Fatigue, Sleep, and the Circadian Cvcle, Battelle Memorial Institute Study (January
1998). This study, herein referred to as the Battelle Study, commissioned by the FAA's
Office of the Chief Scientific and Technical Advisor for Human Factors, provides an in-
depth review of scientific research concerning sleep and fatigue. Drawing upon 165
scientific references. the Battelle Report identifies major trends in the scientific literature.
and has provided valuable information and conclusions. This study is attached as

Appendix B.



Another reference is A Scientific Review of Proposed Regulations Regarding
Flight Crewmember Dury Period Limitations, Docket #2808 1, The Flight Duty
Regulation scientific Study Group. This study was sponsored by the Independent Pilots
Association to provide a scientific review of NPRM 95-18. It is referred to as the
Scientific Study Group and is attached as Appendix C.

The pilots met with sleep expert, Dr. William Dement, Director of Sleep Research
and Clinical Programs at Stanford University. The transcript of that meeting appears in
Appendix D.

We have attached an article titled Fatigue, Alcohol, and Performance Impairment
that summarizes a study conducted by The Centre for Sleep Research at the Queen
Elizabeth Hospital in South Australia in Appendix E. This study quantifies the
performance impairment associated with sustained wakefulness in terms of equivalent

percent blood alcohol impairment. A subsequent study, titled Quantifying the

_Performance Impairment associated with Sustained Wakefulness, by Lamond and

Dawson replicates this study and extends the initial findings. It is attached as Appendix
F.

The NTSB requested that the FAA conduct an expedited review of the FARS after
pilot fatigue and continuous hours of wakefulness were found to be key findings in the
crash of a DC-8 at Guantanamo Bay, Cuba in 1993. A NASA/NTSB report titled Crew
fatigue factors in the Guantanamo Bay aviation accident is attached as Appendix G.

Several airlines have switched to reserve pilot schemes very similar to the one we
propose. These carriers include Continental Airlines, UPS. America West. Alaska
Airlines. and British Airways. The reserve pilots at these airlines have protected time

periods of 8 to 12 hours with reserve availability periods of 14 to 18 hours.



We owe a debt of gratitude to the many pilots who provided us with reports of their
encounters with pilot fatigue. These reports reveal that pilot fatigue typically occurs during
back-side-of-the-clock operations and after long periods of time-since-awake.

The pilots would like to thank the FAA for providing this forum and the air
carriers for contributing to the debate. We hope that this ARAC has demonstrated to all
interested parties how unregulated scheduling can lead to dan gerously high levels of pilot

fatigue for reserve pilots. We urge the FAA to quickly remedy this very serious safety

problem.



PART I: PROPOSED REGULATORY LANGUAGE

121.xxx Reserve Rest

(a)

(b)

(€)

Except as provided in paragraphs (b) and (d), no certificate holder may schedule
any flight crewmember and no flight crewmember may accept an assignment to
reserve status unless a minimum prospective Protected Time Period (PTP) of 10
hours during a 24-consecutive hour period is scheduled. The Protected Time
Period must begin at the same time during any scheduled period of consecutive
days of reserve status and the flight crewmember must be given no less than 24
hours notice of the Protected Time Period.

A certificate holder may reschedule a specific Protected Time Period during any
scheduled period of consecutive days of reserve by the following:

(H Rescheduling the beginning of a Protected Time Period a maximum of
three hours later without prior notification.

(2) Rescheduling the beginning of a Protected Time Period a maximum of
three hours earlier if the flight crewmember is provided 6 hours notice
prior to the beginning of the originally scheduled Protected Time Period.

(3) Rescheduling the Protected Time Period by more than 3 hours once during
any 7 consecutive days by providing the flight crewmember 10 hours
notice.

A certificate holder may assign a flight crewmember and a flight crewmember

may accept an assignment for flight time in scheduled air transportation or other

commercial flying if such assignment is permitted by this subpart;

(1) If the assignment is scheduled to be completed within 16 hours after the end
of the preceding Protected Time Period; however.

(2)  If the flight crewmember is given a flight assignment for any part of the
period of 0200 to 0600 hours. any such flight assignment must be scheduled
to be completed within 14 hours after the end of the preceding Protected
Time Period. The operator with the concurrence of the administrator and
the pilot group may designate any 4-hour period for all operations between
0000-0600 hours in place of 0200-0600 hours.

These limitations may be extended up to 2 hours for operational delays.



(d) When there are no other reserve pilots who have sufficient reserve availability
periods to complete an assignment, the certificate holder may schedule a flight
crew member for an assignment for flight time in scheduled air transportation or
other flying permitted by this subpart, provided that the crew member is given a
minimum of 14 hours of advance notice and is released to protected time at the
time of the notice.

(e) Each certificate holder shall prospectively relieve each flight crewmember
assigned to reserve for at least 24 consecutive hours during any 7 consecutive
days.

(f) For augmented International operations, a certificate holder may assign a flight
crewmember and a flight crewmember may accept an assignment for flight time
in scheduled air transportation or other commercial flying as follows:

(1)  For single augmentation, the assignment must be scheduled to be completed
within 18 hours after the end of the preceding Protected Time Period; or

(2) For double augmentation, the assignment must be scheduled to be
completed within 22 hours after the end of the preceding Protected Time
Period.

These limitations may be extended up to 2 hours for operational delays.

DEFINITIONS —

Operational Delay — Any delay that would cause the Reserve Crewmember to be
extended beyond the applicable duty limit for up to two hours; except a delay caused by
changing the Reserve’s original flight assignment.

Protected Time Period (PTP) — Same as 121.471(b)(6), NPRM 95-18, except “has no
responsibility for work” replaced by “has no responsibility for duty.”

Reserve Availability Period (RAP) — The period of time from the end of the PTP to the
time that the reserve crewmember must complete flight duty.

Reserve Time — Same as 121.471(b)(7), NPRM 95-18, except “two hours” for report
time versus “one hour.”

Standby Duty — Same as 121.47(b)(9), NPRM 95-18. except “less than two hours” to
report versus “one hour.”



Part II: Pilots’ Proposal with Intent, Examples, and Rationale

121.xxx Reserve Rest

(a) Except as provided in paragraphs (b) and (d), no certificate holder may
schedule any flight crewmember and no flight crewmember may accept an
assignment to reserve status unless a minimum prospective Protected Time
Period (PTP) of 10 hours during a 24-consecutive hour period is scheduled.
The Protected Time Period must begin at the same time during any scheduled
period of consecutive days of reserve status and the flight crewmember must be
given no less than 24 hours notice of the Protected Time Period.

Intent: To ensure that all reserve pilots are scheduled for and receive a prospective, and
predictable, 10-hour opportunity every reserve day to obtain 8 hours of sleep and to

maintain circadian stability.

Example:
Pilot - PTP 2000-0600

2200 0600

— RAP

10 hr PTP:
2000 0600

Rationale: The human body requires an average of 8 hours of uninterrupted, restorative
sleep in a 24 hour period when sleeping during normal sleeping hours. When attempting
to sleep outside of normal sleeping hours, 8 hours of sleep is still required. However,
scientific data indicates additional time is needed to obtain the required 8 hours of sleep.
The 10 hour Protected Time Period (PTP) would, therefore, include an opportunity to
prepare for and actually receive 8 hours of restorative sleep in all circumstances.
Additionally, a 10-hour PTP was selected with the assumption that the minimum required
rest for all pilots would be 10 hours (See NPRM 95-18). A 10-hour PTP would maintain
consistency of rest for all pilots. Starting consecutive PTPs at the same time is
imperative to maintaining circadian stability. The desired method of assigning PTP
would be when the crewmember is assigned reserve. A minimum of 24 hours
notification of a Protected Time Period will provide an opportunity to prepare for
impending reserve days. '



(b) A certificate holder may reschedule a Protected Time Period during any
scheduled period of consecutive days of reserve by the Jollowing:

Intent: To provide the reserve pilot with a predictable, prospective rest period and also
give the operator scheduling flexibility to accommodate unforeseen circumstances.
Rescheduling a PTP +/- 3 hours is only applicable to that PTP. Remaining reserve days in
a block would begin at the original start time. Shifting of a PTP does not extend a
Reserve Availability Period (RAP).

(1) Rescheduling the beginning of a Protected Time Period a
maximum of three hours later without prior notification.
Example:
(In this example, under no circumstances may a PTP start time be later than 2300)

Day 1
PTP 2000 to 0600 (original PTP)

2200 0600

R RAP

10 hr PTP.
2000 0500

Day 2
PTP 2300 to 09500

0100 0800
RAP

3 hrs 10 hr PTP.
2000 2300 0900

Day 3
PTP 2000 to 0600

2220 0600

E— RAP

10 hr PTP

2000 3600

Rationale: Delaying a sleep opportunity, up to three hours. is not excessively disruptive
to circadian stability. In this case, no prior notification is required.



(2)  Rescheduling the beginning of a Protected Time Period a maximum of
3 hours earlier if the flight crewmember is provided 6 hours notice prior
to the beginning of the originally scheduled Protected Time Period.

Example:
(In this example, under no circumstances may a PTP start time be earlier than 1700)

Day 1
PTP 2000 to 0600 (original PTP)

2200 0600
— RAP

10 hr PTP:
2000 0600

Day 2
PTP 1700 to 0300

0300 1900
RAP

PTP F—PTP—

0300 1400 1700
Notice

Day 3
PTP 2000 to 0600
200 e 0800 )
—_— RAP
10 hr PTP

2000 0600

Rationale: Moving a sleep opportunity earlier, up to three hours. is disruptive to
circadian stability. To accommodate and prepare for this rescheduled sleep opportunity
additional notice is required.



3) Rescheduling the Protected Time Period by more than 3 hours once
during any 7 consecutive days by providing the flight crewmember 10
hours notice.

Rationale: Changing a sleep opportunity more than +/- 3 hours is very disruptive to
circadian stability. For extreme circumstances beyond the control of the operator (i.e.,
inclement weather, closed airports, etc.) an operator has the ability to reschedule a PTP
more than 3 hours from the original start time. A minimum of 10 hours prior notification
of the new PTP is required to allow the pilot a period of time to adjust for the rescheduled
sleep opportunity. This provision is restricted to once in every 7 days because it is so
detrimental to circadian stability. This restriction also would preclude the operator from
arbitrarily utilizing this provision and 2yet allows the certificate holder the flexibility to
operate under extreme circumstances.
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(c) A certificate holder may assign a flight crewmember and a Sflight
crewmember may accept an assignment for flight time in scheduled air
transportation or other commercial flying if such assignment is
permitted by this subpart;

(1) If the assignment is scheduled to be completed within 16 hours
after the end of the preceding Protected Time Period;

Intent: To establish a “Reserve Availability Period” (RAP).>

Example:
2200 2400 0600
—)—Eaﬁ‘%oﬂ 16 hr RAP

10 hf PTP—0mo—

2000 0600

11

2000



(2)  Ifthe flight crewmember is given a flight assignment for any part of the
period of 0200 to 0600 hours, any such flight assignment must be
scheduled to be completed within 14 hours after the end of the preceding
Protected Time Period. The operator with the concurrence of the
administrator and the pilot group may designate any 4-hour period for
all operations between 0000-0600 hours in place of 0200-0600 hours.

Examples:

2000 0400 1800

'_E:Ti:'_;nm 14 hr RAP

K———10 hr PTP If Duty Occurs Between 0200 - 0600

1800 0400 1800

2000 2200 0400

ﬁﬁ;::?’ior;l 16 hr RAP

K————————————10 hr PTP If Duty Occurs Outside 0200 - 0600

1800 0400

These limitations may be extended up to 2 hours for operational delays.

Rationale: Time-since-awake contributes to fatigue. This section acknowledges time-
since-awake by limiting the RAP to 16 hours if the pilot is afforded the opportunity to
sleep during a normal sleep period. The science further indicates fatigue occurs sooner
when given a sleep opportunity at a time other than normal sleeping hours. This section
addresses that fact by reducing the RAP to 14 hours should duty occur during this normal
sleep period.*



d) When there are no other reserve pilots who have sufficient reserve availability
periods to complete an assignment, the certificate holder may schedule a flight
crew member for an assignment for flight time in scheduled air transportation
or other flying permitted by this subpart, provided that the crew member is given
a minimum of 14 hours of advance notice and is released to protected time at
the time of the notice.

Intent: All pilots are originally scheduled in a PTP system. Circadian stability is
ensured by all pilots having a definitive, prospective sleep opportunity. When all such
pilots have been utilized, 14 hours notice may be used by the operator to assign a pilot to
a flight. Once notified of a flight assignment a crewmember is released from further
responsibility until he reports for duty. While this method of assigning reserve is less
than desirable, it enables the certificate holder to continue operations as necessary.

Rationale: While advance notice can present a sleep opportunity, scientific research is
very clear that circadian factors make it very difficult and sometimes impossible to take
advantage of it. For example, consider a pilot who finishes his PTP at 0800 and is then
contacted by the carrier for an assignment that reports at 2200. This would be an

application of 14 hours advance notice. Circadian factors make it very difficult, if not
impossible, for the pilot to sleep again until later, typically during the afternoon circadian
low point (1500 — 1800) or earlier if possible. However, by receiving the notice early, he
can schedule his morning activity accordingly to best prepare himself for the afternoon
sleep opportunity (like a line-holder does). Typically, he would go to bed around 1500 —
1600 and set the alarm clock for 1900 — 2000 to provide enough time to shower, dress,

eat, and report for duty. Even with 14 hours of advance notice, this pilot could only

expect to sleep 4 — 5 hours prior to reporting for a back-side-of-the-clock assignment that
could last until 1200 the following day. It should be apparent that less than 14 hours ___o .
notice could result in less than 4- 5 hours of sleep and raise the probability of serious -
pilot fatigue during the assignment.

The above example was discussed durin g the Denver ARAC meeting. At one
point. Dr. Don Hudson was asked for his expert opinion regarding what should be
required for a minimum amount of advance notice. Dr. Hudson’s response was 13 to 14
hours.*

13



(e) Each certificate holder shall prospectively relieve each flight crewmember
assigned to reserve for at least 24 consecutive hours during any 7 consecutive
days.

Intent: All reserve pilots must receive a prospective 24 hour period free from duty
during any 7 consecutive days.

Rationale: Pilots assigned to reserve status must be continually prepared for any flight
duty. These pilots should be relieved from this obligation for 24 hours during any 7
consecutive days. The pilot must be notified prior to the beginning of that off duty
period.

14



o For augmented International operations, a certificate holder may assign a
flight crewmember and a flight crewmember may accept an assignment for
flight time in scheduled air transportation or other commercial flying as

Sfollows:

(1) For single augmentation, the assignment must be scheduled to be
completed within 18 hours after the end of the preceding Protected Time

Period; or

Example:

0000 0600

—_— RAP

K— 10 hr PTP.

2000

0600

(2) For double augmentation, the assignment must be scheduled to be
completed within 22 hours after the end of the preceding Protected Time

Period.
Example:

0400 0600
RAP

e—— 10 hr PTP =~ -

2000 0600

These limitations may be extended up to 2 hours for operational delays.

Intent: To establish a Reserve Availability Period (RAP) for long-héul international
reserve pilots.

Rationale: Long-haul international flights necessarily involve back-side-of-the-clock
flying. Therefore, for a single pilot augmentation, we added 4 hours to the 14-hour back-
side-of-the-clock duty period and 8 hours for double augmentation. This is in accord

with the NASA TM. ¢



Scientific Support

1'121.xxx Reserve Rest

(a)

Except as provided in paragraphs (b) and (d), no certificate holder may
schedule any flight crewmember and no flight crewmember may accept an
assignment to reserve status unless a minimum prospective Protected Time
Period (PTP) of 10 hours during a 24-consecutive hour period is scheduled.
The Protected Time Period must begin at the same time during any scheduled
period of consecutive days of reserve status and the flight crewmember must be
given no less than 24 hours notice of the Protected Time Period.

Scientific support:
(a) 10 hour Protected Time Period to provide an opportunity to obtain 8 hours of sleep.

Each individual has a basic sleep requirement that provides for optimal levels of
performance and physiological alertness during wakefulness. On average, this is
8 hours of sleep in a 24-hour period, with a range of sleep needs greater than and
less than this amount. Losing as little as 2 hours of sleep will result in acute sleep
loss, which will induce fatigue and degrade subsequent waking performance and
alertness.

NASA TM, {1.1.1, p.2.

Off-duty period (acute sleep and awake-time-off requirements) - Therefore,
the off-duty period ,§gqgld be a minimum of 10 hours uninterrupted within any
24-hour period, to include an 8-hour sleep opportunity].]

NASATM.92.1.2,p.5

Standard Sleep Requirements and Off-Duty Period - Research by Drs. Carskadon
& Dement, 1982 and Wehr et al., 1993 support a minimum of 8 hours of sleep
based upon a range of studies that use several approaches including:

Historical levels of sleep

. Measures of daytime alertness
Sleep levels achieved when given the opportunity to sleep as long as
desired

Battelle Report, p. 15.

... There appears to be substantial evidence that a minimum of eight hours of
sleep is required for most people to achieve effective levels of alertness and
performance.

Battelle Report. p. 21.

16



... It is important to realize that an individual working nights is at risk for
significant sleepiness for two distinct reasons: . . . an individual working
successive nights is forced to obtain sleep during the daylight hours at a time
when the circadian pre-disposition to sleep is minimal. . . . As mentioned, sleep
under these circumstances is typically fragmented. sleep state architecture is
distorted, and the restorative nature of sleep . . . 1s reduced.

A Scientific Review of Proposed Regulations Regarding Flight Crewmember Duty period

Limitations, The Flight Duty Regulation Scientific Study Group, §2.6, p. 5-6.

Minimum rest periods should be adjusted upward for sleep periods that include
the time of peak circadian alertness (4 — 6 PM.).

Reserve time arrangements should be adjusted so that protected windows during
the time of peak circadian alertness are extended to compensate for decreased
efficiency of sleep during that time. (Emphasis added.)

Scientific Study Group, {1 5.1.2,5.1.4, p. 11.

Remarks of Dr. Dement:

Q: . . . One of the most basic tasks is for us to agree on a recommendation for a sleep
opportunity . . . to afford every reserve pilot the opportunity of a protected time
period so that he or she is absolutely insulated from contact from the operator.
How many hours do you recommend for a minimum fixed sleep opportunity?

A: I will start out by assuming that we would take 8 hours of sleep as the most
ggommon requirement. Then you need to add to that in order to be able to get the
“proper amount of sleep. In your situation, I would think it would be a little larger

than it might be for someone who really wasn’t doing anything. So, I'd add a
couple of hours to get the proper amount of sleep.

Appendix D, p. 4.

Q: Dr. Dement, . . . we’re really at the point now where we’re going beyond the
philosophy and we’re trying to put our finger on numeric values. Our position at
least from the pilots’ standpoint, is that we see the need for a 10-hour sleep
opportunity knowing that the opportunity may not always be at the best time of
the day. We’re facing an industry position that is looking for 8 hours as the
minimum. Our position is predicated on the fact that 8 hours may be adequate if it
overlaps the WOCL. But since we don’t know for sure when we're going to have
that opportunity, we believe that, or we think that having that extra 2 hours is
going to give us a little more of a buffer, especially when it comes during the
daytime. Would you consider that to be a conservative and a justified position?

A: Absolutely. I don’t think you could possibly assume someone is going to fall
asleep instantly and then sleep continuously for 8 hours. not even under the most
ideal circumstances. Maybe it should be longer.

Appendix D, pp. 5-6.
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Scientific support:
(a) Scheduling the Protected Time Period for the same time each day

Time-of-day / Circadian Physiology Affects Sleep and Waking Performance -
. . » Time-of-day or circadian effects are important considerations in addressing 24
hour operational requirements because circadian rhythms do not adjust rapidly to
change.

... Thus, circadian disruption can lead to acute sleep deficits, cumulative sleep
loss, decreases in performance and alertness, and various health problems . . .
Therefore, circadian stability is another consideration in duty and rest scheduling,

NASA recommends a sleep opportunity that is predictable (24 hours notice
recommended), does not vary more than 3 hours on subsequent days to ensure circadian
stability, and is protected from interruption. (Emphasis added.)

NASATM, 1.3, p. 3-4; 92.6.2, p. 8.

Conclusion — Reserve assignments should attempt to maintain a consistent 24
hour cycle.

Battelle Report, p. 28.

Remarks of Dr. Dement

Q:

Dr. Dement, there’s one area that we really haven't touched upon at this point and
I'don’t want to miss. These are questions regarding the maintenance of circadian
stability. In your opinion, why is maintaining circadian stability so important?

Well because usually... and by that you mean' your sleep opportunities and your
wake opportunities are in that period of stability, then you have the best sleep and
the best wake. If you get out of that cycle, then both sleep and wake will be
impaired.

What happens to the body as you change a person’s cycle?

All sorts of things happen, but the major thing of course is that you are now trying
to sleep when the body wants to be awake and you're trying to be awake when the
body wants to be asleep because you left the circadian stability that you talked
about.

Appendix D, pp. 16-17.
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(3) Rescheduling the Protected Time Period by more than 3 hours once
during any 7 consecutive days by providing the flight crewmember 10
hours notice.

Scientific support:

(b) Limiting the movement of the Protected Time Period to Plus or Minus 3 hours
. . . the 8-hour sleep opportunity should not vary by more than 3 hours on
subsequent days to ensure circadian stability. . . .

NASA TM, 42.6.2, p. 8.

Remarks of Dr. Dement

Q: ... we're trying to insure that the protected time period, the rest period, stayed the
same from day to day, assuming the reserve crewmember is not called. Or for
that matter when he is called, he goes back into his cycle. We're attempting to try
to snap him back to as close to that original cycle and maintain that same rhythm
from day to day. NASA has findings on that. Their recommendation was to
maintain that circadian stability plus or minus 3 hours. Do you agree or disagree?

A: I absolutely agree that’s better than no stability. Obviously the smaller that
number, the better. I think practically it couldn’t be zero, but I think we tend to
feel there’s kind of a daily flexibility within that range, like O to 3 hours, 0 to 2
hours. To go outside of that is, again, inviting a condition of sleep deprivation.
So deliberately creating a bad situation.

Appendix D, pp. 16-17.



’ (c) A certificate holder may assign a flight crewmember and a flight
crewmember may accept an assignment for flight time in scheduled air
transportation or other commercial flying if such assignment is
permitted by this subpart;

(1) If the assignment is scheduled to be completed within 16 hours
after the end of the preceding Protected Time Period;
Scientific support:
(c) 16 hour Reserve Availability Period Limitation

Continuous Hours of Wakefulness/Duty Can Affect Alertness and
Performance - Extended wakefulness and prolonged periods of continuous
performance or vigilance will engender sleepiness and fatigue.

Extended flight duty period — An extended flight duty period should be limited
to 12 hours within a 24-hour period to be accompanied by additional restrictions
and compensatory off-duty periods. This limit is based on scientific findings
from a variety of sources, including data from aviation, that demonstrate a
significant increased vulnerability to performance-impairing fatigue after 12
hours. It is readily acknowledged that in current practice, flight duty periods
extend to 14 hours in regular operations. However, the available scientific data
support a guideline different from current operational practice. The data indicate
that performance-impairing fatigue does increase beyond the 12-hour limit and
could reduce the safety margin.

NASATM, {§ 1.4,2.3.4, pp. 4, 6.

NASA does not provide a specific recommendation for the duration of a Reserve
Availability Period. However, it follows that NASA’s recommended maximum duty limit
of 12 hours plus 2 hours for operational delays (total - 14 hours) obviously requires a
pilot to be awake at least that much time. By adding report time to NASA’s
recommended maximum duty limit. it is apparent that NASA’s duty limit is
commensurate with our proposed !6-hour reserve availability period limit for un-
augmented flying.

The results of an NTSB analysis of domestic air carrier accidents occurring from
1978 to 1990 suggest that time since awake (TSA) was the dominant fatigue-
related factor in these accidents (NTSB, 1994). Performance decrements of high
time-since-awake crews tended to result from ineffective decision-making rather
than deterioration of aircraft handling skills. . . . There did appear to be two peaks
in accidents: in the moming 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. Similar accident peaks in other modes of transportation and industry
have also been reported (Folkard, 1997). Akerstedt & Kecklund (1989) studied
prior time awake (four to 12 hours) and found a strong correlation of accidents
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with time since awake for all times of the day. Belenky et al. (1994) found that
flight time hours (workload) greatly increase and add to the linear decline in
performance associated with time since awake.

Battelle Report, p. 13.

Some symptoms of fatigue are similar to other physiological conditions. For

example, with fatigue one’s ability to attend to auxiliary tasks becomes more

narrow, very much analogous to the effects of alcohol (Huntley et al., 1973;

Moskowitz, 1973), hypoxia (McFarland 1953), and heat stress (Bursill, 1958).
Battelle Report, p. 5.

Australian researchers Drew Dawson and Kathryn Reid (1997) evaluated performance
after 17 hours of wakefulness and found performance degraded to a level equal to that
caused by a blood alcohol concentration (BAC) of 0.05 percent. At 24 hours,
performance decrements were equivalent to that of a 0.10 BAC. After ten hours of
sleeplessness, the decline in performance averaged .74 percent per hour. Their study
titled Fatigue, Alcohol and Performance Impairment appeared in Nature, Vol. 338, July-
August 1997. (See Appendix E). These findings were replicated and extended by
Nichole Lamond and Drew Dawson in 1998. (See Appendix F).

If an individual has been awake for 16 to 18 hours, decrements in alertness and
performance are intensified. If time awake is extended to 20 to 24 hours, alertness
can drop more than 40 percent (WRAIR, 1997: Morgan et al.. 1974; Wehr, 1996).

Battelle Report, p. 25.

The NTSB cited pilot fatigue as the probable cause of the crash of a DC-8 at Guantanamo
Bay in 1993. The individual crewmembers were continuously awake for 19, 21, and 23.5
hours prior to the accident.

Mark R. Rosekind, et al., Crew fatigue factors in the Guantanamo Bay aviation accident.

(See Appendix G).

Remarks of Dr. Dement

Q: Dr. Dement, after our reserve pilots receive their sleep opportunity, they become
available for duty. We call the availability period the “reserve availability period”
and that’s basically the time they are available for work. for flving. After the
sleep opportunity, what would you consider to be a safe limit of time since awake
for a crewmember?

For the 10-hour (sleep opportunity) period?
Yes.

A Fourteen hours. And I wouldn’t say that's 1007 safe but if vou have a number,
that adds up to the 24-hour day. It ought to be reasonably safe.
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Where do you get your number from?

Well, it comes mainly in my head from circadian type 24-hour studies to see the
pattern of the manifestation of the drive to sleep versus the awakening effect of
the biological clock. If you're getting outside the 24-hour cycle, then you're
going to have periods of greater risk. . . .

That assumes that the individual wakes up as soon as his protected time period is
over. So in other words, you see a complimentary factor: 9 hours of rest should
dictate a 15-hour availability period?

Yes. I think most people would agree that would be the ideal.

Going beyond that, what is probably the most greatest points of contention right
now — the debate between the pilots and the industry operators — is the fact that
the operators would like to extend this reserve availability period in excess of
what you say is 14 or 15 or 16 hours, whatever the case may be, to a larger
increment, extending that reserve availability period based upon an advance
notice of a nap opportunity. In other words, a pilot comes on call at 8:00 a.m. He
is then told at 9:00 a.m. that he is to report for duty 5 hours later. The industry’s
position is that the notice constitutes an opportunity for additional rest which then
would be utilized to add more restorative energy or analogous to putting more
charge into a battery, and then carry that pilot into more of an extended duty
period with an additional amount of time.... up to in certain cases 24 hours of
duty. What is your feeling on that type of scenario?

PO
To me, that’s a recipe for disaster because if you have a responsible, professional
pilot -- who has a reasonable schedule, - who is not horribly sleep deprived, and
who has a fairly stable circadian rhythm, then the likelihood that he can get
adequate sleep by trying to nap I think is relatively small. I would not depend on
it at all. T would think also to have to do it sort of unexpectedly like this....Oh!
Take a nap....Only people who are very sleep deprived....

Let’s say I have a 10-hour sleep opportunity: 10 p.m. to 8 a.m. That means I'm
available for 14 hours unless they fly me into the next 10 p.m. slot tonight. Could
I not get a call say at noon and say instead of you being off tonight at 10 p.m., we
want you to work until seven tomorrow morning but you aren’t going to go to
work until 10:00 that night. So they call me at noon, they give a 10-hour notice
that I'm not going to have to go to work until 10 hours from noon, so at 2200 1
report for work, and they want me to fly until 0800. So that would be a total of 24
hours from the time I theoretically woke up and I've had a 10-hour notice that I
was going to be flying this fatiguing schedule. Would that be safe?

Well, I wouldn't be on your plane. No. Ithink that’s almost insanity in the

sense of saving that is safe. First of all. naps can’t be depended on — even under

ideal circumstances — to get you through this period when the biological clock
22



alerting is gone, when you’re alone with your sleep debt so to speak, during the
WOCL. There’s no way that isn’t going to be dangerous. . . .
Appendix D, pp. 8-9.



' (2) If the flight crewmember is given a flight assignment for any part of the
period of 0200 to 0600 hours, any such flight assignment must be
scheduled to be completed within 14 hours after the end of the preceding
Protected Time Period. The operator with the concurrence of the
administrator and the pilot group may designate any 4-hour period for
all operations between 0000-0600 hours in place of 0200-0600 hours.

Scientific support:
(c ) Reducing the Reserve Availability Period by two hours during Back-Side-Of-The-

Clock Operations (0200 — 0600)

Off-duty period (following standard flight duty periods during window of
circadian low) - Extensive scientific research, including aviation data,
demonstrate that maintaining wakefulness during the window of circadian low is
associated with higher levels of performance-impairing fatigue than during
daytime wakefulness. . . .

Definition: “window of circadian low” - The window of circadian low is best
estimated by the hours between 0200 and 0600 for individuals adapted to a usual
day-wake/night-sleep schedule. This estimate of the widow is calculated from
scientific data on the circadian low of performance, alertness, subjective report
(i.e. peak fatigue), and body temperature. . . .

NASA TM. {] 2.1.4,2.3.2, pp. 5-6.

" The ingredient of day versus night long-haul flights raises a second concemn, the
time-afzday departure. Because sleepiness and fatigue are strongly related to
circadian rhythmicity, they should not be controlled by regulations, which ignore
time-of-day in favor of elapsed time. . . . For the sake of efficiency and safety, it is
incumbent upon regulatory authorities to include time-of-day as a factor in
designing flight crew duty and rest limitations.

R. Curtis Graeber, et al., Aircrew Sleep and Fatigue in Long-Haul Flight Operations,
Tokyo, Japan (October 26-29, 1987), p. 13.

Back of the Clock Operations, Circadian Rhythm and Performance

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.

e Cumulative sleep debt increase throughout the shift.

Research conducted by Monk et al. (1989) indicates that subjective alertness is
under the control of the endogenous circadian pacemaker and one’s sleep-wake
cycle (time since awake). When time since awake is long and coincides with the
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circadian low there is a very sharp drop in alertness, a strong tendency to sleep
and a significant drop in performance (Perelli, 1980). Alertness is relatively high
when the circadian rhythm is near the acrophase and time since awake is small.
Monk (1996) argues that this cycle is consistent with the NTSB (1994) finding of
a peak accident rate occurring in the evening. . . .

Battelle Report, p. 23.

Microsleeps have been shown to be a useful approach to assessing the effects of
time of day on sleepiness levels. EEG brain wave changes confirm that pilots
experience greater sleepiness and decreased alertness between 2:00 to 4:00 a.m.
(Gundel, 1995).. ..

Battelle Report, p. 9.

. . . In determining maximum limits for extended duty periods, consideration also
needs to be given to other fatigue-related factors that could contribute to excessive
fatigue levels during extended duty periods, including number of legs, whether
the flight impinges on the window of circadian low (WOCL), and time since
awake. (Emphasis added.)

Battelle Report, p. 14.

Night operations are physiologically different than day operations due to circadian
trough and sleep loss. This carries a higher physiological cost and imposes
greater risks of accidents. One of the most established safety issues is working in
the circadian rough between 0200 and 0600. During this period workers
experience considerable sleepiness, slower response times. increased errors and
accidents (Mitler, 1991; Pack. 1994). Many recent accidents from various
transportation modes have been associated with this circadian trough (Lauber &
Kayten, 1988). Lyman and Orlady (1981), in their analysis of the Aviation Safety
Reporting System researcher state that 31 percent of incidents occurring between
2400 to 0600 hours were fatigue related.

In Japan, 82.4 percent of drowsiness-related near accidents in electric motor
locomotive drivers (Kogi & Ohta, 1975) occur at night. Other landmark studies
over the past several decades have documented the increase in accidents and error
making. Klein et al. (1970) argue that their research with simulators proves that
night flights are a greater risk than day flights. Their research found 75- to 100-
percent mean performance efficiency decrements in simulator flights during the
early morning hours, regardless of external factor such as darkness or increasing
night traffic or possible weather conditions.

... A study of naval watch keepers found that between 0400 to 0600, response
rates drop 33 percent, false reports rates 31 percent, and response speed eight
percent, compared with rates between 2000 to 2200 hours (Smiley. 1996).

Samel et al. (1996) determined that many pilots begin night flights already having
been awake more than 15 hours. The study confirms the occurrence of as many
as five micro-sleeps per hour per pilot after five hours into a night flight. . . . The
authors concluded that “During day time, fatigue-dependent vigilance decreases
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with task duration. and fatigue becomes critical after 12 hours of constant work.
During night hours fatigue increases faster with ongoing duty. This led to th.2
conclusion that 10 hours of work should be the maximum for night flying.”

[Note Samel’s conclusion - Reduce the duty period from 12 to 10 hours.]

Gander et al. (1991) found in an air carrier setting that at least 11 percent of pilots
studied fell asleep for an average of 46 minutes. Similarly. Luna et al. (1997
found that U.S. Air Force air traffic controller [sic] fell asleep an average of 55
minutes on night shift. A possible explanation for these sleep occurrences, in
addition to circadian nadir, is the finding of Samel et al. that many pilots begin
their night flights after being awake for as long as 15 hours.

Battelle Report, pp. 24-25.

Duty periods conducted during the WOCL already carry a fatigue penalty due to
the circadian cycle. Consequently, duty periods involving WOCL should be
reduced. (Emphasis added.)

Battelle Report, p. 28.

... flight duty regulations that adequately account for circadian modulation in
the capacity of sleep and in human performance have been used in the United
Kingdom for 6 years . . . and by account appear to be working well. The Study
Group is aware of no qualitative reason why adjustments such as those
incorporated in the UK regulations could not be used in the US as well.

Scientific Study Group. §4.2. p. 10.
Flight duty periods during window of circadian low.
. . . Therefore, it is recommended that in a 7-day period, there be no extended

flight duty period that encroaches on any portion of the window of circadian low.

[Note: a standard flight duty period should not exceed 10 hours within a 24-hour period.]
NASATM, 9 2.3.5.B.; 2.3.3.



¥ (d) When there are no other reserve pilots who have sufficient reserve
availability periods to complete an assignment, the certificate holder may
schedule a flight crew member for an assignment for flight time in scheduled
air transportation or other flying permitted by this subpart, provided that the
crew member is given a minimum of 14 hours of advance notice and is released
to protected time at the time of the notice.

Scientific support:
(d ) Minimum of 14 Hours Advance notice

Considerable research into other arenas has taught us that individuals are better
able to cope with unusual or extended duty schedules when they can plan for them
in advance. This forewarning allows them to develop time-linked performance
goals and to schedule their rest and activity optimally before reporting for duty.
R. Curtis Graeber, et al., Aircrew Sleep and Fatigue in Long-Haul Flight Operations,
Tokyo, Japan (October 26-29, 1987), p. 12.

... In other words, simply being off duty was not a sufficient condition for crew
members to be able to fall asleep. . . .
Philippa N. Gander, et al., Crew Factors in Flight Operations: VIII. Factors Influencing
Sleep Timing and Subjective Sleep Quality in Commercial Long-Haul Flight Crews
(December 1991), p. 29.

... In the limited time remaining, he attempts to sleep irrespective of his
physiological readiness to sleep (circadian phase) and the local time, both of
which may compromise the quality and quantity of sleep he is able to obtain. e
Philippa N. Gander, et al., Crew Factors in Flight Operations: VIII. Factors Influencing

Sleep Timing and Subjective Sleep Quality in Commercial Long-Haul Flight Crews

(December 1991), p. 31.

This reinforces the importance of ensuring that adequate time is available for sleep.

Conclusions ~ . . . Flight and duty time regulations can be interpreted as a means
of ensuring that reasonable minimum rest periods are respected. However, the
perspective highlighted by this study is that the time available for sleep is less
than the scheduled time off duty. . ..
Philippa N. Gander, et al., Crew Factors in Flight Operations: VIII. Factors Influencing
Sleep Timing and Subjective Sleep Quality in Commercial Long-Haul Flight Crews
(December 1991), p. 33.



Remarks of Dr. Dement

Q: How about that the flight is going to happen. There is going to be every day in
America, pilots that report to work at 2300 or whatever and fly until 0800 the next
morning. Now, what’s different about the man who knows a week, a month in
advance that this is going to be his schedule and the reserve pilot who finds out at
noon after having woken up at 8 a.m.? What would be the difference?

A: You know that the time you do all of the things you can to move toward a better
situation . . . You can never get to perfection, but the more practice, the more
warning, the better you’ll be able to handle it. Some people learn that there is a
time when it’s quiet and if I do this, I can pretty much depend that I will fall
asleep. It’s not 100% but you kind of learn that or you practice or whatever. But
if it’s without waming, all bets are off.

Q: Dr. Dement, you’ve kind of led the discussion into another area of this
rulemaking that has to do with an alternative method. Assuming that the pilots in
this protected time period method were depleted, the carriers then want to give
pilots advance notice to cover any mission or any assignment. They are looking
at 10 hours as the criteria. We don’t believe that to be adequate based upon . . .

Are you talking 10-hour warning?

Ten-hour warning, yes. To do anything.
A: That would be 100% wrong. =
Q: Why?

A: Well, because the 10 hours could fall sort of toward the beginning of what we call
“clock dependent learning.” There’s no way you could sleep. And then you go
into your duty period at the worse possible time you could have in that situation.

Q: What sort of time would you think would be adequate to give a guy enough time
to get an opportunity to rest so that he would be safer than 10 hours?

A: Twenty-four hours. At least a day before. Wouldn't you think? Idon’t see how
vou can get notified as the day is beginning and feel you could depend on being
able to take a nap. If it happened every day or somehow vou know that you could
certainly get the probability up, but it’s not something that you could ever really
control. Again, there ought to be a better way.

Appendix D. pp. 10-11.



We're shooting around the subject. I hate to break any of this up, but this
question has been plaguing this committee. The industry keeps harping on the
fact that there should be no difference between the schedule holder who knows
he’s got to fly from midnight to 8:00 a.m. If he can do it safely. why can’t a
reserve that wakes up at the same time in the morning (8:00 a.m. or 6:00 a.m.).
Why is it not safe for this reserve pilot who does it with notice?

I don’t think it’s safe for either pilot. Maybe a little less dangerous in the sense of
performance, etc. But Ithink at least he has preparation, waming, etc. and knows
his own strengths and weaknesses whereas the other pilot I think is always
without warning and has really no chance to prepare. Idon’t think the two groups
are the same.

Are you implying that the preparation should actually start the previous night?

Yes. If I was going to drive all night, I wouldn’t want someone to tell me that
day.

They’re really killing us for making that same argument. I mean we make that
argument across the table and we get smiles and nods of the head and shrugs of
the shoulders from the other side. They say it’s not a valid argument. That’s
always what they come up with.

They say it’s not a valid argument? It is a supremely valid argument. I mean
that’s just like saying down is up.

Appendix D, p. 13.



¢ €] For augmented International operations, a certificate holder may assign
a flight crewmember and a flight crewmember may accept an
assignment for flight time in scheduled air transportation or other
commercial flying as follows:

(1) For single augmentation, the assignment must be scheduled to be
completed within 18 hours after the end of the preceding
Protected Time Period; or

(2) For double augmentation, the assignment must be scheduled to
be completed within 22 hours after the end of the preceding
Protected Time Period.

These limitations may be extended up to 2 hours for operational delays.

Scientific support:
(f) (1) and (2) augmented crews

Extended flight duty period: additional flight crew - Additional flight crew
afford the opportunity for each flight crew member to reduce the time at the
controls and provide for sleep during a flight duty period. Consequently, with
additional flight crew and an opportunity for sleep, it would be expected that
fatigue would accumulate more slowly. In such circumstances, flight duty
periods can be increased beyond the recommended limit of 12 hours within each
24-hour period. For each additional flight crew member who rotates into the
flight deck positions. the flight duty period can be extended by 4 hours as long as
the following requirements are met: 1) each flight crew member be provided one
or more on-duty sleep opportunities; and 2) when the extended flight duty period
is 14 hours or longer, adequate sleep facilities (supine position) are provided that
are separated and screened from the flight deck and passengers. Controlled rest
on the flight deck is not a substitute for the sleep opportunities or facilities
required for additional flight crew members.

NASA TM,J2.3.6.p. 7.
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PREFACE

This document is intended to provide scientific input to the issue of duty and rest scheduling of flight crews
in commercial aviation. It is available to any interested party that is addressing these complex issues.

The global aviation industry requires 24-hour activities to meet operational demands. To address this
challenge, a scientific working group with expertise relevant to these demands met to develop principles
and guidelines for duty and rest scheduling in commercial aviation.

Scientific Working Group Methodology. First, the group identified areas of scientific knowledge
relevant to flight safety. This included identifying arcas where relevant data were available and also areas
where no scientific data currently exist. Based on current scieatific knowledge, general principles directly
related to aviation operational considerations were established. With the general principles as a basis,
specific principles, guidelines, and recommendatioas for duty and rest scheduling in commercial aviation
were developed. There was no intention to create regulatory policy. This was beyond the scope of the
scientific working group. Although the group is aware of current operational practices, it adhered to the
preset guideline of requiring scientific data relevant to specific recommendations. The group noted that
there may not be a single solution to the challenges posed by the 24-hour demands of the aviation
industry. Therefore, other industry strategies are suggested to complement the duty and rest scheduling
guidelines. Throughout this process, input was obtained from individuals with extensive operational
experience and familiarity with these issues.

Scientific Basis for Principles and Guidelines. The scientific working group was composed of
scientists actively involved in examining these issues in aviation settings. The group intends to produce two
documents based on their work. This first document is intended to be concise, to be focused on operational
considerations, and to provide scientific input to this complex issue. The second document will follow and
will provide the specific scientific references that support the principles and guidelines outlined here. This
second document will be longer and will focus on the scientific considerations related to these issues. It is
planned that an initial draft of this second document will be #vailable within approximately 12 months.
Implementation. It is acknowledged that implementation of these principles and guidelines may
require additional considerations. These considerations include economic, legal, cost/benefit, and other
factors. It was beyond the scope of the scientific worldng group to address these issues, and they are left
to appropriate operational and regulatory expertise for deliberation.

The scientific working group met as individuals and not as representatives of any organization or of a
particular position on any issue. Therefore, the views and opinions expressed in this document are those
of the scientific working group and do not necessarily reflect those of any organization.

In alphabetical order, the scientific working group included: David F. Dinges,Ph.D, R. Curtis Graeber,PhD,

Mark R. Rosekind, PhD,, Alexander Samel,Ph D, and Hans M. Wegmann,MD: To refer questions about
this document to the scientific working group, please use either of the following points of contact:

Mark R. Rosekind, Ph.D. Hans M. Wegmann, M.D.

NASA Ames Research Center DLR-Institute of Aerospace Medicine

Mail Stop 2624 Linder Hoehe

MofTett Field, CA 94035-1000 D-51147 Koeln

(415) 604-3921 (Office) Germany

(415) 604-3729 (Fax) 49 2203 601 1 ext. 3667 (Office)
49 2203 696 372 (Fax)



Principles and Guidelines for
Duty and Rest Scheduling in Commercial Aviation

David F. Dinges, R. Curtis Graeber, Mark R. Rosekind,
Alexander Samel, and Hans M. Wegmann
(in alphabetical order) '

INTRODUCTION

Twenty-four Hour Requirements of the Aviation Industry

The aviation industry requires 24-hour activities to meet operational demands. Growth in global long-
haul, regional, overnight cargo, and short-haul domestic operations will continue to increase these
round-the-clock requirements. Flight crews must be available to support 24-hour-a-day operations to
meet these industry demands. Both domestic and international aviation can also require crossing multiple
time zones. Therefore, shift work, night work, irregular work schedules, unpredictable work schedules,
and time zone changes will continue to be commonplace components of the aviation industry. These
factors pose known challenges to human physiology, and because they result in performance-impairing
fatigue, they pose a risk to safety. Itis critical to acknowledge and, whenever possible, incorporate
scientific information on fatigue, human sleep, and circadian physiology into 24-hour aviation
operations. Utilization of such scientific information can help promote crew performance and alertness
during flight operations and thereby maintain and improve the safety margin.

Challenges to Human Physiology

Throughout aviation history, operatiohal capabilities and technology have evolved dramatically, while
human physiological capabilities have not. Flight operations can engender fatigue, sleep loss, and
circadian disruption and these physiological factors can result in decreased performance and reduced
alertness during operations. Over the past 40 years, scientific knowledge about sleep, circadian
physiology, sleepiness/alertness, and the performance decrements associated with these factors has
increased significantly. Scientific research has extended its examination of these factors to operational
environments, including field and simulator studies. These studies have confirmed the presence in
aviators of performance-impairing fatigue resulting from the sleep loss, circadian disruption, and
workload engendered by current flight and duty practices.

Humans are central to aviation operations and continue to perform critical functions to meet the
24-hour requirements of the industry. Therefore, human physiological capabilities, and limitations,
remain crucial factors in maintaining safety and productivity in aviation.

Principles Based on Scientific Knowledge

Though research on fatigue, sleep and circadian physiology, and shift work schedules has generated
an extensive body of scientific knowledge, the application of this information to the requirements of
operational settings is relatively new. While acknowledgment of this scientific information is
increasing, its transfer to operations (¢.g., scheduling, regulatory considerations, personal strategies,
countermeasures) offers the greatest potential for its benefit. Current federal regulations and industry
scheduling practices rarely acknowledge or incorporate such knowledge. The primary purpose of this



document is to outline scientifically-based principles that can be applied to the duty and rest scheduling
requirements of the aviation industry.

Shared Responsibility

There is no one absolute or perfect solution to the demands of duty and rest scheduling in aviation. It
is critical that safety be acknowledged as a shared responsibility among all the industry participants.
Each component of the aviation system should be examined for avenues to incorporate scientific
information and to apply guidelines and strategies that will maximize performance and alertness during
flight operations. Regulatory considerations, scheduling practices, personal strategies, and technology
design are specific components of the industry that could be subject to such an examination.

Each of these components is complex and presents unique challenges. This document is focused on
scientifically-based principles and guidelines for duty and rest scheduling. However, it is acknowledged
that regulatory action involves many considerations, such as legal, economic, and current practice. It is
the intent of this document that relevant scientific information be considered in the regulatory domain.

“Safe” can be Difficult to Quantify

Determining a “‘safe” operation is a complex task. Aircraft accidents are such rare occurrences that they
may not provide the best outcome variable to estimate safe operations. The aviation industry and flying
public demand a high margin of safety and redundancy. Among modes of transportation, the aviation
industry’s reputation for safety is well-deserved. As many segments of the industry increase their
activities, as technology enables longer flights, and as overall growth continues, the challenge will be to
maintain, and where possible, improve the safety margin. The fatigue factors addressed in these pnnmples
can create a vulnerability for decrements in performance and alertness that can reduce the safety margin.
Guidelines designed to specifically address these factors can help to minimize this vulnerability.

Objectives

The primary objective of this document is to provide empirically derived principles and guidelines for
duty and rest scheduling in commercial aviation. In the first section, scientifically-based principles
related to operational issues posed by the aviation industry are outlined. In the second section, the
principles are applied to guidelines for duty and rest scheduling in commercial aviation, with specifics
provided where appropriate and available. In the third section, a brief overview of other potential
industry strategies to address these issues is provided.

1.0 GENERAL PRINCIPLES

1.1 Sleep, Awake Time Off, and Recovery are Primary Considerations

1.1.1 Sleep- Sleep is a vital physiological need. Sleep is necessary to maintain alertness and
performance, positive mood, and overall health and well-being. Each individual has a basic sleep
requirement that provides for optimal levels of performance and physiological alertness during
wakefulness. On average, this is 8 hours of sleep in a 24-hour period, with a range of sleep needs
greater than and less than this amount. Losing as little as 2 hours of sleep will result in acute sleep
loss, which will induce fatigue and degrade subsequent waking performance and alertness. Over
days, sleep loss—any amount less than is required—will accrue into a cumulative sleep debt. The
physiological need for sleep created by a deficit can only be reversed by sleep. An individual who



has obtained required sleep will be better prepared to perform after long hours awake or altered
work schedules than one who is operating with a sleep deficit

1.1.2 Awake time off- Fatigue-related performance decrements are traditionally defined by
declines in performance as a function of time spent on a given task. Breaks from continuous
performance of a required task, such as monitoring, are important to maintain consistent and
appropriate levels of performance. Therefore, awake time off is introduced here to describe time
spent awake and free of duty. Thus both awake time off and sleep are needed to ensure optimum
levels of performance.

1.1.3 Recovery- Recovery from an acute sleep deficit, cumulative sleep debt, prolonged
performance requirement, or extended hours of continuous wakefulness is another important
consideration. Operational requirements can engender each of these factors and it is important that a
recovery period provide an opportunity to acquire recovery sleep and to re-establish normal levels of
performance and alertness.

Required sleep and appropriate awake time off promote performance and alertmess. These are
especially critical when challenged with extended periods of wakefulness Gi.c., duty) and circadian
disruption (ie., altered work/rest schedule). Recovery is important to reduce cumulative effects
and to return an individual to usual levels of performance and alertness.

1.2 Frequent Recovery Periods are Important

More frequent recovery periods reduce cumulative fatigue more effectively than less frequent ones.
For example, weekly recovery periods afford a higher likelihood of relieving acute fatigue than
monthly recovery periods. Consequently, guidelines that ensure minimum days off per week are
critical for minimizing cumulative fatigue effects over longer periods of time (e.g., month, year).

1.3 Time-of-day/Circadian Physiology Affects Sleep and Waking Performance

There is a clock in the human brain, as in other organisms, that regulates 24-hour patterns of body
functions. This clock controls not only sleep and wakefulness alternating in parallel with the
environmental light/dark cycle, but also the oscillatory nature of most physiological, psychological,
and behavioral functions. The wide range of body functions controlled by the 24-hour clock includes
body temperature, hormone secretion, digestion, physical and mental performance, mood, and many
others. On a 24-hour basis, these functions fluctuate in a regular pattern with a high level at one time
of day and a low level at another time. The circadian (circa = around, dies = day) pattern of
wakefulness and sleep is programmed for wakefulness during the day and sleep at night. The
circadian clock repeats this pattern on a daily basis. Certain hours of the 24-hour cycle, that is 0200 to
0600, are identified as a time when the body is programmed to sleep and during which performance
is degraded. Time-of-day or circadian effects are important considerations in addressing 24-hour
operational requirements because circadian rhythms do not adjust rapidly to change.

For example, an individual operating during the night is maintaining wakefulness in direct opposition
to physiological programming to be asleep. Physiological, psychological, and behavioral functions are
set by the circadian system to a low status that cannot be compensated by being awake and active.
Conversely, the same individual sleeping during the day is in direct opposition to physiological
programming to be awake. The circadian system provides a high level of functioning during day that
counteracts the ability to sleep. Thus, circadian disruption can lead to acute sleep deficits, cumulative



sleep loss, decreases in performance and alertness, and various health problems (e.g., gastrointestinal
complaints). Therefore, circadian stability is another consideration in duty and rest scheduling.

1.4 Continuous Hours of Wakefulness/Duty Can Affect Alertness and Performance

Extended wakefulness and prolonged periods of continuous performance or vigilance on a task will
engender sleepiness and fatigue. Across duty periods, these effects can accumulate further. One
approach to minimize the accumulation of these effects is to limit the duty time (i.¢., continuous hours
of wakefulness during operations). Acute effects can be addressed through daily limitations while
cumulative effects can be addressed by weekly limitations. There is more scientific data available to
support guidelines for acute limitations than to determine specific curnulative limitations. Nevertheless,
cumulative limitations (weekly and beyond) remain an important consideration for minimizing
accumulation of fatigue effects.

1.5 Human Physiological Capabilities Extend to Flight Crews

Fatigue has its basis in physiological limits and performance deficits reflect these physiological limits.
Flight crews’ human physiology is not different from that of other humans. Therefore, it must be
expected that the same fatigue-producing factors affecting performance and alertness in experimental
subjects, physicians on-call, shift workers, military personnel, and others also affect flight crews. It
follows that scientific findings relevant to human physiological capabilities and performance deficits
from fatigue, sleep loss, and circadian physiology extend to flight crews.

1.6 Flight Crews are Made Up of Individuals

There are considerable individual differences in the magnitude of fatigue effects on performance,
physiological alertness, and subjective reports of fatigue. These differences extend to the effects of
sleep loss, night work, and considerations of required sleep and recovery time for an individual.
Individual differences can vary as a function of age, sleep requirement, experience, overall health, and
other factors. Individuals can also vary in their participation in off-duty activities that engender fatigue
during a subsequent duty period (¢.g., commuting across long distances immediately prior to starting
a duty period).

1.7 Differences and Variability Preclude an Absolute Solution

It must be acknowledged that the aviation industry represents a diverse range of required work
demands and operational environments. Sections 1.5 and 1.6 highlight the diverse situations and
individuals that are encompassed by gencralized guidelines. This further illustrates that guidelines and
regulations cannot completely cover all personnel or operational conditions and that there is no single
absolute solution to these issues.

2.0 SPECIFIC PRINCIPLES, GUIDELINES, AND RECOMMENDATIONS

The following are specific principles, guidelines, and recommendations to address the 24-hour duty
and rest scheduling requirements of the aviation industry. These principles and guidelines, based on
the General Principles introduced in section 1.0, are intended to provide a consistent margin of safety
across aviation operations. Therefore, they are intended for application to minimum flight crew
complements of two or more. Similarly, they are intended for consistent application across Part 121
and Part 135 operations. There is no scientific basis to differentiate between these operations. These



specific principles and guidelines also apply across all flying duty of flight crew members required to
perform Part 91 or military flight operations before or after scheduled commercial operations.

In order to provide specific guidelines, it is necessary to define the terms used in these guidelines.
Altering these definitions may invalidate the principles that follow.

2.1 Off-Duty Period

2.1.1 Definition: “off-duty”~ A continuous period of uninterrupted time during which a crew
member is free of all duties.

2.1.2 Off-duty period (acute sleep and awake-time-off requirements)- The off-duty
period should allow for three components. The first critical component of the off-duty period is an
8-hour sleep opportunity. The general principles clearly describe that an acute sleep deficitand a
cumulative sleep debt can degrade performance and alertness. Also, it should be recognized that an
appropriate “spin down” time may be required > fall asleep. The second component is awake time
off, an opportunity to break from the continuous performance of required tasks. The third
component is the other activities necessary during an off-duty period. These other necessary
activities can include transportation to and from layover accommeodations, hotel check in/out, meals,
shower, and personal hygiene. Therefore, the off-duty period should be a minimum of 10 hours
uninterrupted within any 24-hour period, to include an 8-hour sleep opportunity, awake time off,
and time for other necessary activities. (In the case of extended flight duty period, see section
2.3.5)

2.1.3 Off-duty period (recovery requirement)- The general principles outline the
importance of recovery to minimize the cumulative effects of sleep loss and fatigue. Two
consecutive nights of usual sleep is a minimum requirement to stabilize sleep patterns and return
waking performance and alertness to usual levels. Two consecutive nights of recovery sleep can
provide recovery from sleep loss. Therefore, the standard off-duty period for recovery should be

a minimum of 36 continuous hours, to include two consecutive nights of recovery sleep, within a
7-day period.

2.1.4 Off-duty period (following standard flight duty periods during window of
circadian low")- Extensive scientific research, including aviation data, demonstrate that
maintaining wakefulness during the window of circadian low is associated with higher levels of
performance-impairing fatigue than during daytime wakefulness. Therefore, flight duty periods that
occur during the window of circadian low have a higher potential for fatigue and increased require-
ment for recovery. It is recommended that if two or more flight duty periods within a 7-day period
encroach on all or any portion of the window of circadian low, then the standard off-duty period (36
continuous hours within 7 days) be extended to 48 hours recovery.

2.2 Duty Periods

2.2.1 Definition: “duty”~ Any task a crew member is required by the operator to perform,
including flight time, administrative work, training, deadheading, and airport standby reserve.

2.2.2 Definition: “duty period”- A continuous period of time during which tasks are
performed for the operator; determined from report ime until free from all required tasks.

* For definition of “window of circadian low,” see section 232,

S



2.2.3 Duty period- To reduce vulnerability to performance-impairing fatigue from extended
hours of continuous wakefulness and prolonged periods of continuous performance requirements,
cumulative duty per 24 hours should be limited. It is recommended that this limit not exceed

14 hours within a 24-hour period. (In the case of additional flight crew, see section 2.3.6.)

2.3 Flight Duty Periods

2.3.1 Definition: “flight duty period”- The period of time that begins when a crew member

is required to report for a duty period that includes one or more flights and ends at the block-in
time of the final flight segment. At a minimum, this period includes required pre-flight activities
and flight time.

2.3.2 Definition: “window of circadian low”- The window of circadian low is best
estimated by the hours between 0200 and 0600 for individuals adapted to a usual day-wake/night-
sleep schedule. This estimate of the window is calculated from scientific data on the circadian low of
performance, alertness, subjective report (i.c., peak fatigue), and body temperature. For flight duty
pcnodstha:cross3orfcwcrt1mczoncs, the window of circadian low is estimated to be 0200 to
0600 home-base/domicile time. For flight duty periods that cross 4 or more time zones, the window
of circadian low is estimated to be 0200 to 0600 home-base/domicile time for the first 48 hours only.
After a crew member remains more than 48 hours away from home-base/domicile, the window of
circadian low is estimated to be 0200 to 0600 referred to local time at the point of departure.

2.3.3 Standard flight duty period- To reduce vulnerability to performance-impairing fatigue
from extended hours of continuous wakefulness and prolonged periods of continuous performance
requirements, cumulative flight duty per 24 hours should be limited. It is recommended that for
standard operations, this cumulative flight duty period not exceed 10 hours within a 24-hour
period. Standard operations include multiple flight segments and day or night flying.

2.3.4 Extended flight duty period— An extended cumulative flight duty period should be
limited to 12 hours within a 24-hour period to be accompanied by additional restrictions and
compensatory off-duty periods. This limit is based on scientific findings from a variety of sources,
including data from aviation, that demonstrate a significantly increased vulnerability for
performance-impairing fatigue after 12 hours. It is readily acknowledged that in current practice,
flight duty periods extend to 14 hours in regular operations. However, the available scientific data
support a guideline different from current operational practice. The data indicate that performance-
impairing fatigue does increase beyond the 12-hour limit and could reduce the safety margin.

2.3.5 Extended flight duty period: restrictions and compensatory off-duty periods-
If the cumulative flight duty period is extended to 12 hours then the following restrictions and
compensatory off-duty periods should be applied.

A. Cumulative effects: maximum cumulative hours of extension. Over time, extended flight duty
periods can result in cumulative effects of fatigue. To support operational flexibility and still
minimize the potential for cumulative effects, it is recommended that extended flight duty periods
can be scheduled for a cumulative total of 4 hours within a 7-day period. For example, there could
be two 2-hour extensions of the standard 10-hour flight duty period (2 x 2 = 4 hr) or four 1-hour
extensions (4 x 1 = 4 hr).

B. Flight duty periods during window of circadian low. As described in Section 2.1.4, the
window of circadian low (as defined in Section 2.3.2) is associated with higher levels of



performance-impairing fatigue. Therefore, it is recommended that in a 7-day period, there be no
extended flight duty period that encroaches on any portion of the window of circadian low.

C. Restricted number of landings during window of circadian low. If an extended flight duty
period contains a single continuous block-to-block flight period greater than 10 hours that
encroaches on any portion of the window of circadian low, then it is recommended that flight crew
members be restricted o no additional landings following the flight.

D. Recovery: compensatory off-duty period. To promote recovery from the acute fatigue
associated with an extended flight duty period, additional off-duty time is recommended. The
subsequent 10-hour required off-duty period should be extended by the time duration of the flight
duty period extension. For example, an extended flight duty period of 11.5 hours would be
accompanied by the subsequent off duty period being extended to 11.5 hours.

2.3.6 Extended flight duty period: additional flight crew- Additional flight crew afford
the opportunity for each flight crew member to reduce the time at the controls and provide for sleep
during a flight duty period. Consequeatly, with additional flight crew and an opportunity for sleep,
it would be expected that fatigue would accumulate more slowly. In such circumstances, flight duty
periods can be increased beyond the recommended limit of 12 hours within each 24-hour period.
For each additional flight crew member who rotates into the flight deck positions, the flight duty
period can be extended by 4 hours as long as the following requirements are met: 1) each flight
crew member be provided one or more on-duty sleep opportunities; and 2) when the extended flight
duty period is 14 hours or longer, adequate sleep facilities (supine position) are provided that are
separated and screened from the flight deck and passengers. Controlled rest on the flight deck is not
a substitute for the sleep opportunities or facilities required for additional flight crew members.

If an extended flight duty period is increased according to the above requirements, the maximum
flight duty period limit supersedes the 14-hour duty period limit (section 2.2).

2.3.7 Flight duty period (cumulative)- A 24-hour cumulative flight duty period limit, a
minimum off-duty period per 24 hours, and a specified off-duty recovery period per 7 days focus
specifically on short-term vulnerabilities and considerations. To minimize fatigue that is not
compensated by short-term recovery and to reduce excessive accumaulation across longer periods
of time, cumulative flight duty period limitations are recommended. There is not sufficient
scientific data to provide specific guidance in this area. However, the general principles apply. For
example, when determining cumulative flight duty limitations, shorter time frames should be
considered. Therefore, in addition to 30-day and yearly cumulative flight duty period limitations, a
2-week limit should also be set. Also, these cumulative flight duty period limitations should be
adjusted downward across the longer time period. Rather than just multiplying the 2-week
cumulative flight duty period limitation to calculate the 30-day and yearly amounts, the 30-day
amount should be decreased a percentage from the 2-weeck amount. The yearly cumulative flight
duty period limitation should be decreased a percentage from the 30-day amount. This will further
reduce the potential for long-term accumulation of fatigue factors.

2.4 Exceptions Due to Unforeseen Operational Circumstances

Exceptions allow the flexibility needed to respond to unforeseen circumstances beyond the control
of the operator that occur during operations. They are not intended for use in regular practice.
These exceptions must not be scheduled.



2.4.1 Reduced off-duty period (exception)- To support operational flexibility, it is
recognized that due to circumstances beyond the control of the operator, it may be necessary to
reduce an off-duty period to 9 hours. This reduction would occur only in response to an
unforeseen operational requirement. In this situation, the subsequent off-duty period should be
extended to 11 hours.

2.4.2 Extended flight duty period (exception)- To support operational flexibility, an
extended flight duty period can be increased by up to a maximum of 2 hours due to unforeseen
circumstances beyond the control of the operator. The subsequent required off-duty period should
be increased by the time by which the flight duty period is increased.

2.5 Time Differences

In general, the longer a flight crew member is away from the home-base/domicile time zone, the more
recovery time is needed for readjustment back to home-base/domicile time. Therefore, it is
recommended that for flight duty periods that cross 4 or more time zones, and that involve 48 hours or
more away from the home-base/domicile time zone, a minimum of 48 hours off-duty be allowed upon
return to home base/domicile time.

2.6 Reserve Status

Flight crew members on reserve status provide a critical element to operational flexibility and the
opportunity to meet unanticipated needs. It is important that flight crew members on reserve status
obtain required sleep prior to a flight duty period.

2.6.1 Definition: “airport standby reserve”- A reserve flight crew member required to be
available (on standby) at an airport for assignment to a flight duty period.

An airport standby reserve flight crew member should be considered on duty and the previous duty
period guidelines apply.

2.6.2 Definition: “on-call reserve”- A reserve flight crew member required to be available
10 an operator (away from the airport) for assignment to a flight duty period.

On-call reserve status should not be considered duty. However, it is important that the flight crew
member has an opportunity to obtain sleep prior to an assigned flight duty period. Two specific
principles should be applied. The flight crew member should be provided a: 1) predictable and 2)
protected 8-hour sleep opportunity. “Predictable” indicates that the flight crew member should have
prior information (24 hours notice is recommended) as to when the 8-hour sleep opportunity can be
obtained within the 24-hour on-call reserve time. The 8-hour sleep opportunity should not vary by
more than 3 hours on subsequent days to ensure circadian stability. “A protected 8-hour sleep
opportunity” should be protected from interruption by assignment to a flight duty period. Any
approach that meets the requirements of these two principles could be utilized.



2.7 Summary Overview: Guidelines and Recommendations

Figure 1 provides a summary overview of the guidelines and recommendations discussed in
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Figure 1. Sumnmary overview of guidelines and recommendations.




3.0 OTHER INDUSTRY STRATEGIES

A general principle previously stated is that addressing issues of fatigue, sleep loss, and circadian
disruption in the aviation industry is a shared responsibility. These principles and guidelines for duty
and rest scheduling are intended to provide scientific input to the regulatory process that addresses
these issues in aviation. However, there is no single solution to the challenges posed by the 24-hour
demands of the aviation industry. To highlight this shared responsibility, several other industry
strategies for addressing these issues will be described. These are intended to complement the
recommendations listed above.

3.1 Education and Training

An important first step for the industry is to become informed about the extensive knowledge now
available regarding fatigue, sleep, and circadian physiology as it relates to performance and aviation
operations. This knowledge can then be incorporated into daily operations. The information can be
useful in providing specific recommendations for personal strategies to manage performance and
alertness in flight operations. Education and training modules to meet this need are available and
currently implemented successfully within the industry.

3.2 Scheduling Practices

The scientific information available can be particularly useful in guiding rational and physiologically-
based scheduling practices. Scheduling is a complex and multi-determined process. However, it is
possible and essential to include scientific data on human physiology as a factor for consideration.
Obviously, priorities need to be established, and cost/benefit considerations are critical. There are
examples of successful integration of scientific information on fatigue into schedule construction.

3.3 Controlled Rest on the Flight Deck

Scientific data obtained during flight operations have clearly demonstrated the effectiveness of a
planned cockpit rest period to promote performance and alermess in nonaugmented long-haul flight
operations. Controlled rest is a single operational strategy and is not an answer to all fatigue
engendered by flight operations. It is absolutely not intended as a substitute for additional flight crew,
appropriate rest facilities, or as support for extended duty. All possible strategies that maintain or
improve the safety margin should be considered.

3.4 Operational Countermeasures

A variety of other strategies for use during flight operations should be examined and utilized where
appropriate. This includes the design and use of technology to promote performance and alertness
during operations. Varying work demands or other creative uses of flight deck automation could be
developed to maintain alertness and performance. Several activities in this area are underway with
some successful applications currently in use.

3.5 Future Developments

There are a number of other possibilities that are in different stages of development. Provocative
laboratory studies of several countermeasures are often cited. However, validation of their effectiveness
and safety in operational settings is still needed prior to widespread implementation. Research continues
and may provide further findings on countermeasures relevant to regulatory, scheduling, personal
strategies, and technology approaches to manage alermess in aviation operations.

10
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An Overview of the Scientific Literature
Concerning Fatigue. Sleep, and the Circadian Cycle

Introduction

This document provides a brief review of the scientific research relating to issues of pilot fatigue
arising from crew scheduling practices. A massive amount of research has been conducted on
such issues as the environmental conditions that contribute to the occurreace of fatigue, acute and
chronic sleep debt and their effects on performance, and the influence of the circadian cycle on
alertness. This paper attempts to identify major trends in this literature that might be of value in

addressing scheduling regulatory issues.

The paper is organized into seven sections. The first section, “What is Fatigue,” attempts to
provide a functional definition of fatigue that serves to define the scope of issues that need to be
considered, including variables that contnbute to the occurrence of fatigue and methodologies for
assessing the impact of fatigue on human functioning.

Section two, “Indications and Effects of Fatigue,” briefly reviews the human performance and
physiological indicators of fatigue. The intent is to identify possible decrements in performance
that could have a safety impact. This section also briefly addresses the complexities involved in
measuring fatigue levels. As this section explains, fatigue is a complex concept that does not
always produce expected measurable decrements in performance.

Section three, “Fatigue and the Aviation Environment,” addresses the issue of fatigue within the
aviation environment. Before changes are made to existing regulations, the question of whether
there is a problem that needs to be resolved should be addressed. Available research on the extent
of fatigue within the aviation environment is reviewed. In addition. factors that complicate the
assessment of the extent of the fatigue problem in an operational environment are also described.

A pilot's level of alertness at any time depends upon a complex interaction between a number of
variables. Four variables, in particular, need to be considered: time on task, time since awake, any
existing sleep debt, and the pilot's own circadian cycle. Section four, “Standard Duty Period,”
describes the research trends pertaining to ime on task and time since awake while section five,
“Standard Sleep Requirements,” addresses acute and chronic sleep debt, including
recommendations for sleep debt recovery. Section six, “The Circadian Cycle and Fatigue,” which
looks at the research on circadian cycles and their implications for back-of-the-clock and
transmeridian flying. Finally, section seven, “Augmented Crews.” looks at the limited data on the
use of augmented crews to extend duty periods.
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What Is Fatigue

The objective of the regulations proposed in the NPRM is to idenuify scheduling constraints that
will minimize the impact of pilot fatigue that arises from duty ume and sleep debt due to crew
schedules. The term. “fatigue,” has yet to be defined in a concrete fashion (Maher & McPhee,
1994): Mendelson, Richardson & Roth, 1996). Fatigue, as addressed in the human performance
literature. refers to “deterioration in human performance, arising as a consequence of several
potential factors, including sleepiness” (p. 2). Sleepiness, in contrast, has a more precise
definition: “Sleepiness, according to an emerging consensus among sleep researchers and
clinicians, is a basic physiological state (like) hunger or thirst. Deprivation or restriction of sleep
increases slecpiness and as hunger or thirst is reversible by cating or drinking, respectively, sleep
reverses slecpiness” (Roth et al., 1989, cited by Mendelson, Richardson & Roth, 1996, p. 2).

In keeping with current thinking on the concept of fatigue, Maher and McPhee's approach is used
here:

“Fatigue” must continue to have the status of a hypothetical construct, an entity
whose existence and dimensions are inferred from antecedent and consequent
events or variables™ (p. 3-4).

This means that fatigue is treated as a concept that occurs in response to predefined conditions
and has physiological and performance consequences. The antecedent conditions of interest here
include:

o Time on task, including flight time and duty penod duration
e Tume since awake when beginning the duty penod

¢ Acute and chronic sleep debt

o Circadian disruption. multiple time zones, and shift work

The objectives of this document are to review the scientific research in order to:

o ldentify the impact of these antecedent variables on human performance
e Relate these variables to appropriate physiological measures that have been demonstrated
to be accompanied by decrements in human performance
1dentify. to the extent possible, limitations and requirements concerning duty period durations,
minimum sleep requirements, etc. that should be reflected in the regulations.
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Indications and Effects of Fatigue

The massi\e hiterature on fatigue has identified a number of symptoms that indicate the presence
of fatigue, including: increased anxiety, decreased short term memory. slowed reaction time,
decreased work efficiency, reduced motivational drive. decreased vigilance, increased variability
in work performance, increased errors of omission which increase to commission when time
pressure is added to the task, and increased lapse with increasing fatigue in both number and
duration (Mohler, 1966; Dinges, 1995). Many of these symptoms appear oaly after substantial
levels of sleep deprivation have been imposed. A review of the literature that involved fatigue
levels likely to be experienced by pilots suggests that a common fatigue symptom is a change in
the level of acceptable risk an individual will tolerate.

Brown et al. (1970) had subjects drove for four 3-hour sessions. The performance measure used
was a count of the number of occasions in which the subject executed what the experimenter
considered a risky passing manecuver. When driving performance between the 1st and 4th sessions
were compared, a S0% increase in the occurrence of risky passing maneuvers in later sessions,
when subjects were presumably more fatigued, was obtained.

This change in the level of acceptable risk was confirmed by Barth et al. (1976) and
Shingledecker and Holding (1974) who found that fatigue caused subjects to engage in greater
risk taking activity in an effort to avoid additional effort. In the Shingledecker and Holding study,
subjects performed 36 choice-of-probability (COPE) tasks, which involved locating a fault in one
of three removable banks of one-watt resistors, each with varying degrees of probability that the
bank had failed. Twenty—ight days separated the first and last three sets of six trial blocks. In this
interim, the experimental group received 24 to 32 hours of continuous work on different
monitoring-type fatiguing tasks immediately preceding the second trial block set, while the
control group did not. The experimental group was found to shift their selections toward niskier,
but less effortful strategies. and made more errors when compared with their own non-fatigued
results or control group results. Also. subjects who reported they were tired, although not exposed
to intentionally fatiguing activities, behaved similarly . Barth et al. performed a simular
experiment, except that fatigue was induced by either a variable pitch speed bicycle ergometer or
a treadmull.

In the aviation domain, this strategy of avoiding effort when fatigued has recently been reported.
Neri et al. (1992) found a change in strategy toward risk taking in naval pilots during carmier
landings. Risk taking behavior also appears in the form of over reliance on autornated systems
(Graeber, 1988). This increased passivity, which takes the form of a mental aversion o or
avoidance of further effort, is common in both the sleep deprived state and when the individual is
experiencing the diurnal low point for body temperature during the circadian trough (Hamilton et
al., 1972).

A report of some of the occurrences moments before the crash of the aircraft carrying Commerce
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Secretary Ron Brown further illustrates the type of inaction typical of fatigue (Newman, 1996).
Although the pilots detected an error on approach a full minute before the crash, they made no
attempt to correct the error—a common characteristic of fatigue. This is due to a reduced level of
adherence to one's normal standard and a reduced ability to cognitively make a connection
between cause and effect. One may recognize a problem but not translate its effect due to lack of
full comprehension of the situation or simple failure to initiate an action.

Related evidence exists that fatigued workers are satisficd with lower performance and that
perceived errors go uncorrected. There is a “loss in the ability of the worker to perceive and
adjust to new aspects of the task. The worker seems unable to shift quickly and effectively from
one subpart to another” (Broadbent, 1953: cf. Horne, 1988). The latter quality has beea found to
be a factor when aircraft crews are concentrating on one problem and allow other problems to
develop due to neglect.

In the case of the 1985 China Airlines Flight 006 mishap, the pilot became focused on the loss of
power in one engine, neglecting other flight duty tasks. Major structural damage and 2 serious
injuries occurred when the aircraft experienced more than § g's during its uncontrolled descent
from 31,000 feet to 9,500 feet, before control was regained (Lauber & Kayten, 1988).
Contributing fatigue factors to the accident were the Captain’s failure to properly monitor the
airplane’'s flight instruments, over-reliance on the autopilot after the loss of thrust due to eagine
failure, and performance of duties during the Captain's circadian trough. The accident occurred 4
to S hours after the time he had been beginning sleep during the 6 nights preceding the accident.

In the Guantanamo Naval Base accident, the pilot was so focused on finding a strobe light that he
failed to respond to other crew members’ warnings that they were approaching a stall speed  _
(NTSB Aircraft Accident Report, 1993). In an investigation of Air Force C-S mishaps or near’
mishaps, it was reported that 55 percent were related to attentional focus problems and 24 percent
to decision making problems (Majors, 1984).

Some symptoms of fatigue are similar to other physiological conditions. For example, with
fatigue one's ability to attend to auxiliary tasks becomes more narrow, very much analogous to
the effects of alcohol (Huntley et al., 1973; Moskowitz, 1973), hypoxia (McFarland 1953), and
heat stress (Bursill, 1958). Dawson and Reid (1997) evaluated performance after 17 hours awake
and found performance degraded to a level equal to that caused by a blood alcohol concentration
(BAC) of 0.05 percent. At 24 hours, performance decrements were equivalent to that of 2 0.10
BAC. After ten hours of sleeplessness, the decline in performance averaged .74 percent per hour.

Finally. Harrison and Horne (1979) found that sleep loss resulted in a difficulty of generating the
ideal word or phrase for the idea or thought the person wanted to convey. In addition, there was a
loss in intonation and an overall dullness which suggested loss of interest. The authors suggest
that this may very well result in personal communication problems in real life situations.
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Effects of Fatigue and Sleep Loss on the Brain

Sleep is mainly a restorative process for brain function. Horne (1991) states that this restoration is
primarily a function centered on the cerebral cortex of the brain. This is consistent with the
findings of Perelli (1980), who found that a high time since awake significantly increased the
threshold for information processing. Pternitis (1981) found that dominant EEG frequencies in
power plant operator shift workers showed a progressive decline, with each shift beginning in the
moming and continuing to night shift. Morning shift employees showed EEG readings of 12-30
Hz, evening shift workers 6-12 Hz, and those on duty during the night shift, 2-6 Hz. Gevens et al.
(1997) has shown that observable performance decrements are preceded by observable EEG brain
wave changes that clearly indicate decreasing attentional focus. These EEG changes are
observable some time before noticeable performance decrements occur. Howitt et al. (1978)
measured EEG activity in operational pilots and found that under high workload situations the
fatigued pilots’ EEG rose to only half the level of those displayed by fresh pilots.

Another physiological measure of fatigue and sleep is brain glucose levels. All tissue of the body.
whether it be heart muscle, kidneys. lungs, or the brain, works electrochemically, and conforms to
one principle: the more work done, the more fuel used. Thus, by measuring glucose utilization,
oxygen consumption, and blood flow in the brain, areas which are very active during various
tasks can be determined.

Thomas et al. (1993), using positron emission topography (PET) scan has provided strong
physiological evidence that sleep loss is accompanied by a decrease in brain glucose metabolism.
The areas most involved were the prefrontal cortex, the inferior panetal cortex, and thalamus.
Duning 48 hours sleep depnvation, the overall brain glucose utilization declined™? percent, while
in the areas of higher order thinking declines ranged from 10 to 17 percent (Thornas, 1997).
Although these reductions seem relatively minor over a 48 hour penod. Gold (1995) recentdy
found that comparatively small blood glucose changes could significantly enhance cognitive
performance in a variety of subjects including healthy young adults, elderly, and severe states of
pathology such as Al sheimer's and Downs Syndrome patients.

PET scans of recovery sleep, taken sequentially through the night and synchronized with EEG
changes. show that slow wave sleep appears to have its greatest effects on the same brain areas
that Thomas et al (1993, 1997) showed were most affected by sleep loss (Braun et al., 1997). This
indicates that areas of the brain involved in alertness, attentional focus, concentration, short term
memory. drive and initiative, problem solving, complex reasoning, and decision making are the
greatest beneficiaries of deep sleep (Lamberg. 1996).

Since the front brain is responsible for analysis of information, judgment, planning, decision
making. and the initiation of actions. it is not surprising that NTSB found decision making
abilities suffered with high time since awake.
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The orderly planning and sequencing of complex behaviers. the ability to attend to
several components simultaneously, and then flexibly alter the focus of
concentration. the capacity for grasping the context and gist of a complex
situation, resistance to distraction and interference, the ability to follow multi-step
instructions, the inhibition of immediate but inappropniate response tendencies,
and the ability to sustain behavioral output... may each become markedly
disrupted (Restak, 1988).

Many of the functions described by Restak are the same functions necessary to a pilot’s ability to
competently fly an aircraft. _

Measuring Fatigue

Although the studies just listed do show performance decrements due to fatigue, other studies
have shown no effect (e.g., Rosenthal, 1993), particularly when sleep loss levels up to 24 hours,
or small chronic partial sleep loss levels of only one or two hours per day are used. The lack of
definitive results in partial sleep deprivation studies may be due to differences in testing
procedures. Rosenthal tested on four separate occasions, whereas others tested only once per day.
In a more severe sleep deprivation study, Thorne (1983) made the testing instrument the primary
task. which lasted 30 minutes of each hour. As sleep loss became increasingly greater, subjects
became slower. Therefore, the time to complete the self-paced task increased about 70 percent,
and at times doubled.

Evans et al. (1991), in a review of fatigue in cornbat, clearly staied that studies using embedded
testing. such as Thorne (1983), Angus and Heslegrave (1985), acd Mullaney et al. (1981),
consistently show greater effects of fatigue and sleep loss performance decrements than short
duration isolated intrusive tests Belenky et al. (1986) notes that ccnunuous embedded testing
reveals larger performance decrements sooner than does intermuaent tesung. In Angus and
Heslegrave (1985), analysis of results found a 28% decrement 1n erceding/decoding performance
and a 43% decrement in logical reasoning after 24 hours awake Haslam (1982), using non-
embedded testing, found no decrements and 29%, respectively

The greater sensitivity of embedded testing is not surprising given that they measure performance
for a more prolonged period. Brief, intrusive psychometric tests. in contrast, are novel and act as a
rest break, distraction, and temporary stimulus, thereby increasing short term mobilization of
effort thus boosting performance. The use of such an instument would function similar to the
effect Chambers (1961) found in an industrial output study where output remains higher when a
worker was switched to different jobs periodically than to stay at ope job.

Another explanation for the varying effects of performance due 10 fatigue is that performance is.
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in part, dependent upon the circadian physiology of the subject. Subjects experiencing circadian
dysrhythmia or operating during their circadian trough are mare likely to yield substandard
performance.

Also, motivation can play a major role in the relationship between fatigue and performance.
“Both experimenter and subject motivation can have a large impact on results, particularly in the
behavioral and subjective domains. Motivation effects are frequently most apparent pear the end
of studies (where performance improvement is sometimes found) but also may account for the
difficulty in showing decremeats early in periods of sleep loss™ (Bonnet, 1994, p. 50).

In addition to embedded testing, other parameters considered to increase seasitivity in testing for
fatigue and sleep loss performance decrements include continuous performance, prolonged
vigilance, and multiple task jobs, similar to what is shown to work in decrement due to noise
(Belenky 1986; Dejoy, 1984). Self-paced tasks have been reported to be less affected by sleep
loss than tasks that are faster work-paced (Johnson & Naitoh. 1974). Fatigue effects tend to be
minimal when tasks are self-paced, brief, highly motivating, and feedback is given. On the other
hand, tasks which involve sustained vigilance and attention, the use of newly acquired skills, and
new information retention tend to challenge short term memory. This is because work-paced tasks
accelerate the rate of information processing, thereby decreasing the reserve capacity of brain
function.

Roth et al. (1994) support long monotonous objective testing and the MSLT as good measures of
sleep loss decrement and sleepiness. respectively. McFarland (1953) considered the deterioration
of skills over time a promising framework for the study.of fatigue. This has recenty been
arternpted in aviation research by Neville et al. (1992) gh the use of flight data recorders for
measuring parameters of flight over time. This procedure may be the best avenue yet for truly
measuring performance decrements in an operational setting.

Microsleeps

Performance measures have obvious value for assessing the effects of fatigue and sleep-related
variables. Microsleeps are another useful approach. Microsleeps were first recognized by Bills
(1931) and were first called “blocks.” Over the intervening years they have also been called
“gaps,” “lapses” and, more recently, “microslecps.” The physiological drive to sleep can result in
a microsleep lasting a few seconds to a few minutes. The latter terminology is the result of EEG
recording showing that during these lapses in information processing, subjects momentarily slip
into a light sleep. This occurs with the eyes open and usually without the knowledge of the
individual, an observation first reported by Miles (1929). Bonnet and Moore (1982) found that
before SO percent of normal subjects became consciously aware of falling asleep, they had been
asleep two to four minutes. These intermiftent lapses in consciousness impair performance by
leading to errors of omission due to missed information. In serial tasks that are work paced.
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mucrosleeps can also lead to error of commission and. if frequent enough or long enough, can lead
to loss of situational awareness.

Microsleeps have been shown to be a useful approach to assessing the effects of time of day on
sleepiness levels. EEG brain wave changes confirm that pilots experience greater sleepiness and
decreased alertness between 2:00 to 4:00 a.m. (Gundel, 1995). Alpha waves in EEGs indicate
micro events or micro sleeps and have been found to be three times greater during night than
during day flights (Samel, 1995). Samel et al. (1997) found that during outbound flights, pilots
experienced 273 microslecps or an average of 1.38 microsleeps per pilot per hour. On retumn
flights the following night, pilots experienced 544 microsleeps or 2.47 microsleeps per hour per
pilot. Both feelings of fatigue and the occurrence of microsleeps increased as duty time
progressed. Rosekind et al. (1994) also observed micro sleep in pilots and a progressive increase
as flights progressed, particularly in the latter portion of the flight. These findings confirm both
the physiological occurrence of microsleeps in commercial aviation pilots, and the accumulative
nature of fatigue in successive night operations.

The beneficial effects of taking breaks have also been demonstrated by measuring microsleeps.
Workers performing continuous tasks without breaks (Bills, 1931; Broadbent, 1958) or suffering
from sleep loss began to demonstrate signs of micro sleeps much sooner than those with rest
breaks or getting adequate rest, respectively (Kjellberg, 1977b).

The research cited in this section suggests that fatigue may be a factor in the aviation environment
due to direct performance decrements and, indirecty, through muicrosleeps that disrupt pilot
functioning. The next section looks at data relating to the occurrence of fatigue in the aviation

envigonment

Fatigue and The Aviation Environment

The unique characteristics of the aviation environment may make pilots particularly susceptible 1o
fatugue. Environmental factors such as movement restriction, poor air flow, low light levels,
background noise, and vibration are known causes of fatigue (Mohler. 1966). In addition, the
introduction of advanced automation into the cockpit has changed the nature of the job for many
pilots. Hands-on flying has been replaced by greater demands on the crew to perform vigilant
monitoring of these systems, a task which people tend to find tinng if performed for long periods
of time. For example, Colquhoun (1976) found that monotonous vigilance tasks could decrease
alertness by 80 percent in one hour, which is correlated with increased EEG theta activity or
sleep-like state. Since physical activity and interest in the task can help to minimize the decline in
performance due to continuous work and sleep loss (Wilkinson, 1965; Lille, 1979), automation
may contribute to increased drowsiness in pilots suffering from fatigue or sleep loss. Also, as will
be shown below, these cognitive-based activities may be susceptible to the effects of fatigue.
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Although these environmental characteristics are suggestive, the actual extent to which fatigue is
a safety issue needs to be assessed. A study of ASRS incident reports suggested that 21 % of
incidents were fatigue-related. This figure was challenged by Baker (1996). who pointed out that
the database is a biased system due to self reporting, and the data were further biased by the
researchers’ interpretation of the reports. Kirsch (1996) argues that the actual ASRS estimate is
four to seven percent. Graeber (1985) clarifies the situation as follows:

An initial analysis of NASA's Aviation Safety Reporting System (ASRS) in 1980
revealed that 3.8 percent (77) of the 2006 air transport crew member error reports
received since 1976 were directly associated with fatigue (Lyman & Orlady,
1980). This may seem like a rather small proportion, but as the authors emphasize,
fatigue is frequently a personal experience. Thus, while one crew member may
attribute an error to fatigue, another may attribute it to a more directly perceived
cause such as inattention or a miscommunication. When all reports which
mentioned factors directly or indirectly related to fatigue are included, the
percentage increases to 21.1 percent (426). These incidents tended to occur more
often between 00:00 and 06:00 [local time) and during the descent, approach or
landing phases of flight. Furthermore, a large majority of the reports could be
classified as substantive, potentially unsafe errors and not just minor errors.

In a study of flightcrew-involved major accidents of domestic air carriers during the 1970 through
1990 peniod (NTSB, 1994), one conclusion pertained directly to the issue of fatigue: “Half the
captains for whom data were available had been awake for more than 12 hours prior to their
accidents. Half the first officers had been awake more than 11 hours. Crews comprising captains
and first officers whose time since awakening was above the median for their crew position made
more errors overall, and significanty more procedural and tactical decision errors™ (p. 75). This
finding suggests that fatigue may be an important factor in the carmer accidents. Because the
study involved only domestic camer accidents, it remains unclear as to whether other fatigue-
related factors, such as long flight times and circadian disruption due to multiple time zones
would also appear as causative factors. On the basis of this study. the NTSB recommended that
the FA A address the issues of flight duty times and rest penods.

Although the results of this study are suggestive, the actual impact of fatigue has yet to be
determined. Since no real effort has been made to identify the effects of fatigue in accident and
incidence investigation, it is difficult to assess the magnitude of the problem. In addition, it is
possible that self-reporting systems, such as ASRS, may be affected by the inability of people to
accurately assess their own fatigue levels (Sasaki et al., 1986; Richardson et al., 1982; Dinges,
1989). Subjective evaluations of sleepiness have not been found to be reliable except in extreme
sleepiness. Rosekind and Schwartz (1988) noted that the scientific literature generally
demonstrates a discrepancy between subjective reports and psychophysiological measures, the
result being underestimations of one's level of sleepiness (cf. Dement & Carskadon, 1981).
Dement et al. (1978) and Roth et al. (1994) reported that some subjects judged themselves alert,
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when in fact they were in the process of falling sleep.

Graeber et al. (1986). summarizing the collaborative efforts between European. Japanese. and
American investigators to evaluate sleep in long haul aircrew s. reported that subjective
evaluations are sometimes erroneous as to the true nature of the psychophysiological state of
sleepiness. These results were obtained in two separate studies by Dement et al. (1986) and
Sasaki et al. (1986). Mullaney et al. (1985) also found that subjects subjectively felt that they
performed better under sleep loss conditions when paired with another subject, when in reality it
had no effect on actual performance decrements. Rosekind et al. (1994) found pilots unable to
subjectively evaluate changes in performance duc to a short inflight nap. Although pilots did
show physiological improvements in alertness, they could not subjectively notice a difference.
Belenky et al. (1994) points out that due to the psychophysiology changes in higher order
cognitive judgment areas with fatigue and sleep loss, these changes automatically preempt ones
ability to evaluate his or her own performance accurately.

One possible reason for these findings is that the presence of centain factors masks sleepiness and
the absence of other factors unmasks sleepiness. Environmental factors that have a masking affect
include noise, physical activity, caffeine, nicotine, thirst, hunger, excitement, talking about
something interesting, etc. For example, Howitt et al. (1978) found that slecp deprived pilots in
operational settings felt no noticeable fatigue once flight preparations were under way and flight
commenced. This explanation is supported by research that used the multiple sleep latency test
(Dement et al., 1986, Sasaki et al., 1986; Rosckind et al., 1994; Roth et al., 1994). In contrast to
the subjective evaluation, the multiple sleep latency test asks subjects to quietly lie down, close
their eyes and try to sleep. This in essence removes many of the masking factors, whereas
subjective aleriness in relation to EEG recording appears to have better correlation because both
can be recorded in the same environmental setting. Ogilvie et al. (1989) reporied that subjective
sleepiness responses to the Sanford Sleepiness Scale only reached significance when subjects
were entering stage I sleep Thus it may be that when EEG alpha and theta activity appears there
is truly a feeling of sleepiness.

Although masking reduces perceived feelings of sleepiness. it does not counteract the effects of
fatigue on performance. Kecklund and Akerstedt (1993) conclude that although sleep-depnved
subjects may not feel their sleepiness or fatigue due to environmental vanables, the sleep pressure
1s still latently present.

Standard Duty Period

The first regulatory issue that needs to be addressed concerns the duration of the standard duty

period. “Standard” is used bere 1o refer to duty periods that do not involve window of circadian
low (WOCL) effects or time zone changes. The primary focus of the standard duty period issue
addresses the buildup of fatigue as a function of performing the various tasks involved in a duty
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penad Six factors that may need to be considered are:

¢ Time on task

¢ Time since awake

e Task type

e Duty period extension
¢ Cumulative duty times
¢ Environmental factors.

Each of these factors is discussed below.

Time-On-Task

There appears to be some consensus that the effects of time-on-task on performance are difficult
to assess (e.g., Maher & McPhee, 1994) and are affected by a number of variables, including time
of day, the nature of the task, the subject’s motivational level, and if fatigue or sleep loss are
already present (Dinges & Kribbs, 1991; Maher & McPhee, 1994; Mendelson, Richardson &
Roth. 1996). In spite of this, performance on many laboratory tasks follows a similar curve
(Vries-Griever & Meijman, 1987): relatively low starting performance, followed by optimal
performance, which then declines due, presumably, to fatigue. The points at which optimal
performance begins and then starts to degrade varies with the task. For some cognitive tasks,
optumal performance is achieved after about five hours. then declines to its lowest levels after 12
to 16 hours on task (Spencer. 1987, Nicholson. 1987). Some tasks. such as monitoring tasks that
require high levels of vigilance, show performance decrements after shorter durations. Colquhoun
(1976) found that monotonous vigilance tasks could decrease alertness by 80 percent in one hour
based on increased EEG theta activity which correlates with a sleep-like state. Reductions in task
performance over time are also accompanied by an increased need to sleep, as shown by Lisper et
al 11986). who found that car dnivers showed an increased likelihood of falling asleep after 9
hours of dniving.

Time-on-task measures for a single task may have limuted applicability to the aviation domain as
the pilot’s job involves performing a number of tasks during a given duty period. Switching
between individual tasks may override some of the effects of fatigue due to time-on-task. Studies
which have investigated the effects of extended shift durations on worker performance may be
relevant as they assess fatigue and performance as a function of the set of tasks that are performed
during a shift rather than performance decrements that accrue on a single task. In a manufacturing
environment (Rosa & Bonnet, 1993), the 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. In general, workers on
12-hour shifts became considerably more fatigued than in more traditional eight- to 10-hour shifts
(Rosa & Colligan. 1987). This finding has been confirmed in nurses (Mills et al., 1983). industrial
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shift workers (Colligan & Tepas, 1986). night shift workers (Rosa & Colligan, 1987). sea watch
workers (Colquhoun, 1985). and truck dnvers (Hamelin, 1987). The lanter study also found an
increase in the number of accidents that occur when 12-hour shifts are used.

This increased likelihood of accident risk due to long duty penods has been found in other
studies. The relative risk of an accident at 14 hours of duty nises to 2.5 times that of the lowest
point in the first eight hours of duty. Askertedt (1995) reports accident risks to be threefold at 16
hours of duty, while Harris and Mackie (1972) found a threefold risk in just over 10 hours of
driving. These levels of risk are similar to that associated with having narcolepsy or sleep apnea
(Lavie et al., 1982), or a blood alcohol level of 0.10 percent. Wegmann et al. (1985), in a study of
air carrier pilots, argued for a duty period of 10 hours with 8.5 hours or less of flight duty period.

Time Since Awake

The results of an NTSB analysis of domestic air carmier accidents occurring from 1978 to 1990
suggest that time since awake (TSA) was the dominant fatigue-related factor in these accidents
(NTSB, 1994). Performance decrements of high time-since-awake crews tended to result from
ineffective decision-making rather than deterioration of aircraft handling skills. These decrements
were not felt to be related to time zone crossings since all accidents involved short haul flights
with a maximum of two time zones crossed. There did appear to be 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. Similar accident peaks in other
modes of transportation and industry have also been reported (Folkard, 1997). Akerstedt &
Kecklund (1989) studied prior tume awake (four to 12 hours) and found a strong correlation of
accidents with time since awake for all times of the day. Belenky et al. (1994) found that flight
time hours (workload) greatly increase and add to the linear decline in performance associated
with ume since awake.

Task Type

The effects of task type, as they contribute to the buildup of fatigue. need to be considered from
two perspectives:

e Whether certain activities can be excluded from duty period time
e  Whether certain acuvities are inherently more fatiguing and may need to be restricted.

The current regulations regulate only flight time. No limits are provided for duty time. The
regulations proposed in the Notice of Proposed Rulemaking 95-18 (NPRM) allow for the concept
of “assigned time,” which also is unreguiated as to maximum limits The extent to which
activities categorized as non-flight time or assigned time contribute to fatigue has yet to be
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empirically ascertained. However, it is clear that these activities would contribute to fatigue in the
form of time since awake. Consequently, it may be appropriate to limit these activities in either of
WO ways:

e With respect to when they occur relative to flight time so as to avoid pilots achieving high
time-since-awake levels during flight time periods.
e Provide maximum levels for these activities comparable to duty period time levels.

The second issue pertaining to task type concems activities which are known to be inherently
more fatiguing. One such activity is the approach and landing. Gander et al. (1994) found that
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 (¢.g.,
time since awake, window of circadian low, extended flight duty periods) may be appropriate.

The relationship between task type and fatigue buildup in the aviation domain remains to be
determined. The demands placed on long-haul pilots are clearly different from those of the
regional carrier pilot flying many legs in a propeller-driven airplane with limited automation.
Flights across the ocean typically involve a single leg of six or more hours. The main task-related
fatigue sources in this case are boredom and cognitive fatigue due to vigilance. The regional pilot,
in contrast. may be more susceptible to fatigue due to the high workload involved in performing
six or more takeoffs and landings. For this reason, it may prove necessary (0 develop separate
regulations that are appropriate for each major type of operation.

Duty-Period Extensions

The research cited on duty period duration suggests that duty penods at or above 12 hours are
associated with a higher nsk of error. This factor. together with the time-since-awake factor,
suggests that extended duty penods also invohve a higher potential for crew error. In determining
maximum limits for extended duty periods. consideration also needs to be given to other fatiguct
related factors that could contribute to excessive fatigue levels during extended duty periods.
including number of legs, whether the flight impinges on the window of circadian low (WOCL),
and time since awake.

Cumulative Duty Time

\o data were found that provide guidance for maximum duty times over longer time periods, such
as one month or one year.
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Environmental Factors

The phy sical environment of the cockpit is a source of other factors that ¢can contribute to fatigue
(Mohler. 1966). Factors such as vibration, poor ventilation, noise, and the availability of limited
automation can contribute to the buildup of fatigue or accelerate its oaset when coupled with time
since awake. number of legs, and whether the flight involves the WOCL. This may have
implications for regional carmier pilots who fly propeller-driven aircraft.

Conclusions

The research cited suggests an increase in the likelihood of error as duty periods are extended
beyond 12 hours. This finding is especially critical for extended duty periods which are likely to
occur under conditions (e.g., weather) that, in and of themselves, may increase the probability of
crew error.

The interactions between multiple fatigue-related factors must also be considered. Separately,
duty period duration, time since awake, number of legs, and environmental factors contribute to
fatigue buildup. When any one of these factors reaches a high level, consideration should be
given to reducing the maximum allowable levels on these other factors. Time since awake also
has obvious implications for reserve assignments and for pilots who commute.

Standard Sleep Requirements

Standard Sleep Requirements and Off-Duty Period

There is a generally consistent body of research which demonstrates that most people require an
average of 8 hours of sleep per night to achieve normal levels of alermess throughout daytme
hours without drowsiness and to avoid the buildup of sleep debt (Carskadon & Dement. 1982:
Wehr et al.. 1993). This figure is based upon a range of studies that used several approaches.
including:

e Histoncal levels of sleep
e Measures of daytime alertness
o Sleep levels achieved when given the opportunity to sleep as long as desired.

Webb and Agnew (1975) reported that habitual sleep around the turn of the century was about

nine hours. A 1960 study of more than 800,000 Americans found that 13 percent of men and 15
percent of women, ages 3565, slept less the seven hours with 48 percent of both obtaining less
than eight hours of sleep per night (Wake Up America, 1993). By 1977. one in eight Amencans
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reported getting six or fewer hours of sleep per night (Schoenbom & Danchik, 1980). By 1983.
just six years later. that number had jumped to one in four (Schoenborn & Cohen, 1986).

The average distribution of habitual sleep ranges between 5.5 and 9.5 hours per night. and
includes 95 percent of the adult population with an average of 7.5 hours (Home, 1988). Most
researchers seem to agree with this figure (Levine et al., 1988; Carskadon & Roth, 1991. Dinges
et al.. 1996; Bonnet & Arand, 1995). However, Webb (1985) reported considerable individual
differences in habitual sleep in a sample of more than 30,000 individuals from 11 industnal
countries. In this study two percent were reported to sleep less than five hours per night, while
five percent reported sleeping more than 10 hours. These averages have been reported in similar
findings across various population groups.

Most researchers advocate an average sleep requirement for adults of 7.5 to 8.0 hours per day
(Levine et al., 1988; Carskadon, & Roth, 1991; Dinges et al., 1996). Although early on, Dement
et al. (1986) indicated that 9 hours was necessary for optimal alertness throughout the day, Home
considered 6 hours “core sleep” sufficient. Although Home's advocacy of 6 hours core sleep has
detracted somewhat from what most sleep researchers now feel to be optimal sleep, it has not
dislodged the weight of evidence.

Carskadon (1991) reports that 87 percent of college students habitually sleeping seven to 7.5
hours per night had difficulty staying awake in the afternoon with 60 percent reporting actually
falling asleep. When compared with Homne's advocating only 6 hours of “core sleep,” these
responses seem to suggest that, although the subjects specify a habitual amount of sleep above
Home's putative “core," their sleep is insufficient. The six-hour core amount does not seem to
apply to many. based upon the self-perceived adequacy of sleep.

Roehrs et al (1989) showed that when short or long sleepers were required to stay in bed for ten
hours. all subjects slept about an hour longer than usual. The result was that all subjects improved
in their alertness. vigilance, and reaction time needed for driving or monitoring modern control
panels Divided antention performance showed significant improvement. and central task
performance showed somewhat better improvement than peripheral task performance. Daytime
sleepiness decreased for both groups. but to a greater extent for the individuals who previously
reported suffering from sleepiness. Subjects who were usually sleepy were more alert, and those
who usually functioned at a high level became even sharper (Carskadon et al., 1979).

Allowing just one hour extra sleep per night over four night resulted in a progressive reduction in
daytime sleepiness of nearly 30 percent when measured by the Multiple Sleep Latency Test
(MSLT). Allowing sleepers who typically slept 7 5 hour per day to sleep ad libitum, other
researchers found that sleep time increased 28 percent from 7.5 to 9.6 hours. (Taub, 198]: Webb
& Agnew. 1975). Taub (1976) studied the magnitude of differences between regular (7 1o 8
hours) sleepers and long (9.5 to 10.5 hours) sleepers when their sleep was phase shifted three
hours forward or backward. They also examined changes when both groups had sleep penods
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extended or reduced. Although results showed degrees of impairment from the acute alterations in
sleep pattern by both sleep groups, the 7-to-8 hour sleepers consistently showed greater
impairment. Carskadon and Dement (1981. 1982) found that extending the total time in bed from
eight hours to ten in 18 to 20 year old subjects allowed them to increase their total sleep time on
average more than one hour. This resulted in a significant improvement in daytime alertness
which only appeared after the second night of extended sleep, suggesting a repaying of sleep debt.
The researchers felt that this improvement supported suggestions that eight hours of bed time may
represent a chronic slecp deprivation condition in young adults. Scores on alertness showed a
stair-step response with the length of sleep per night as well as with the number of nights. Thus
scores for alertness were better for ten hours of sleep than for eight, eight were better than five,
and two nights with five bours were better than seven nights with five hours which were better -

than scores with no sleep.

In a slightly different research design, Wehr (1993) found in a four-week test that young adults
allowed to sleep as long as they desired, slept in excess of 10 hours a day during the first three
days. This was followed by three days of about 9 hours. The remainder of the 28 days leveled off
at an average of 8.5 hours per night. Their habitual base-line sleep was 7.2 hours. The initially
higher level of sleep is interpreted as repayment of chronic sleep debt. A similar sleep
requirement figure of 8.4 hours was reported by a Walter Reed research team (1997) in an intenm
report. Thus both sleep extension studies and historical data indicate that optimal sleep
requirement appears to be between 8 to 9 hours sleep with an average of about 8.5 hours,
considerably higher than habitual sleep figures.

The benefits of sleep are presently considered to be logarithric in nature, with the initial hours
showing significantly greater benefits that diminish as one approaches his or her optimal sleep
level. This accounts for how many can sleep less and appear to still function normally. However
the findings of Rohre (1989) and Taub and Berger (1976) indicate that during the first six hours
of sleep. performance is restored to a satisfactory level under normal conditions, although
alertness and vigor may still be diminished In the hours beyond six hours of sleep the restoration
process further restores alertness and vigor and the brain’s capacity to handle situations above
that of normal and for longer penods.

An example of this is best illustrated by Samel et al. (1997) where the second of two night flights
showed a considerable reduction in tolerance and an increase in fatigue after only three hours of
flight whereas on the first night fatigue did not set in until after 8 hours. Thus, the additional
hours served as a reserve capacity against workload (Howitt et al., 1978) or hours of duty (Samel
et al., 1997; Gundel et al., 1997).
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Other Variables

Individual Differences In Sleep Requirements. Many of the studies described above showed
that there appears to be a considerable variability in individual sleep needs. Thus, the eight-hour
sleep requirement represents the average of sleep needs, but does not take into account of the
needs of those individuals who require additional sleep and who represent a fair percent of the

populauon.

Age-Related Changes In Sleep Requirements. With age there is a significant decline in habitual
nightly sleep due to increased nighttime awakenings (Davis-Sharts, 1989; Webb & Campbell
1980; Carskadon et al., 1982; Miles & Dement, 1980; Carskadon et al., 1980). In older
individuals, habitual nighttime sleep is accompanied by increased daytime fatigue, sleepiness,
dosing. and napping. This increase in the number of sleep periods approximates normal sleep
quantity and appears to indicate that sleep requirements remain the same over a person’s adult
lifetime (Miles & Dement, 1980; Habte-Gabr, 1991). These studies suggest that older crew
members may have particular difficulties in achieving sufficient sleep as part of a normal duty
schedule (cf. Carskadon, Brown & Dement, 1982).

Logistical Issues. A number of studies have investigated the issue of the amount of sleep that is
actually achieved as a function of the length of the off-duty period. These studies demonstrate
that off-duty periods that appear to provide an acceptable sleep opportunity may not, in reality, be
sufficient. In one study. reductions in sleep of two to three hours per 24 hours occurred when the
lime between shifts or work was reduced to only nine hours (Knauth, 1983). In the NASA studies
of short-hau!l plots (Gander et al . 1994: Gander & Graeber. 1994), pilots reported an average of
12.5 hours off-duty time between duty periods, but only obtained 6.7 hours rest.

Obsen auons of nurses on 12 hour shifts working 12.5 hours with 11.5 hours off between shifts
obtained an average of 6.9 hours sleep (Mills etal.. 1983). Another study of long-haul and shon
haul-truck drivers (WRAIR, 1997) showed that short-haul dnivers with similar rest periods
between shifts obtained even fewer sleep durations.

Commercial truck drivers' (FHWA, 1996; Miter et al., 1997) sleep/off duty schedules are shown
in Table 1. When truckers (C1-10) had 10.7 hours off duty between 10 hour day shifts, sleep
durations of only 5.4 hours were achieved. On a 13-hour day shift (C4-13) with 8.9 hours off
between duty periods, sleep durations averaged 5.1 hours. On 10-hour rotating shifts (C2-10) with
8.7 hours off duty, the sleep time was 4.8 hours and after a 13-hour night shift (C3-13) with 8.6
hours off. the resulting sleep diminished to only 3.8 hours. In quick changeovers with 8 hours off
between shifts. Totterdell (1990) found that workers only acquired 5.14 hours sleep. Kurumatan
(1994) found a correlation (r=.95) between the hours between shift and sleep duration. They
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concluded that at least 16 hours off dut
sleep. a conclusion reiterated in a recent review

y time were needed between shifts to ensure 7-8 hour
(Kecklund & Akerstedt. 1995).

Condition Hours off-duty | Hours in Bed | Hours asleep
C1-10 day 10.7 58 5.4
C2-10 rotating 8.7 | 4.8
C3-13 night 8.6 44 3.8
C4-13 day 8.9 5.5 5.1

Table 1. Truck drivers shift type and off duty hours in relation to time spent in bed and
sleep time. (1996)

A partial explanation for such small amounts of sleep between quick shift changeovers may be the
result of apprehension or fear of over sleeping. Torsvall and Akerstdt (1988) showed that ships’
engineers on call show reduced sleep but also a decreased quality of sleep which they atributed
to apprehension. This has also been found in physicians in smaller bospitals and appears to be
followed by increased sleepiness during the following day (Akerstedt & Gillberg. 1990).

Other reasons for the low levels of actual rest achieved is due to the other activities that must be
performed dunng the off-duty penod. For pilots on layovers, these activities include geting to

and frem the hotel. meals. and personal hygiene. These activities clearly take away from the ume
available to sleep (Samel etal . 1997)

Reduced Rest

Research on the effects of sleep reduction on physiological and task performance has failed to
provide a consistent picture of how much sleep may be reduced before a significant impact on
performance occurs. Some of the reasons for this were described previously in the section entitled
“Measuring Fatigue.” Carskadon and Dement (1981) reduced subjects’ sleep to only five hours
per night over seven days, resulting in a 60 percent increase in sleep tendency. Based on this
study and others, Carskadon and Roth (1991) conclude that as little as two hours of sleep loss can
result in both performance decrements and reductions in alertness. Wilkinson (1968) varied sleep
quantity by allowing subjects 0, 1.2, 3.5, 0r 7.5 hours in which to sleep. Significant decreases in
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vigilance performance were found the following day when sleep was reduced below three hours
for one night or fewer than five hours for two consecutive nights. Carskadon. Harvey and Dement
(1981) found increased daytime sleepiness. as measured by the MSLT, after one night of sleep
reduced to four hours in a group of 12-year-olds. although performance decrements were not
found.

Restriction of sleep in young adults to just 5 hours increases sleepiness on the MSLT the next day
by 25 percent and by 60 percent the seventh day (Carskadon & Dement, 1981). When sleep was
reduced to five hours or less, performance and alertness suffered and sleepiness significantly
increased (Wilkinson et al., 1966; Johnson, 1982: Carskadon & Roth, 1991; Gillberg & Akerstedt,
1994; Taub & Berger, 1973; Carskadon & Dement, 1981). A recent study of Australian truckers
found that 20 percent of drivers sleep 6 hours or less and account for 40 percent of the hazardous
events reported (Amold et al., 1997). During Operation Desert Storm, the pilots of the Military
Airlift Command flights obtaining only 11 hours sleep in 48 hours were found to be in danger of
experiencing difficulties in concentrating and stay ing awake (Neville et al., 1992). Further pilot
observations indicated that to prevent fatigue in these pilots, at least 17 hours of sleep in 48 hours
(7.5 hours/ 24 hours) were required.

Dinges (1997) showed significant cumulative effects of sleep debt on waking functions when
subjects were restricted from their usual 7.41 hours sleep to only 4.98 hours (sd .57 hrs) of usual
sleep (67 percent). Across the seven or eight days of sleep restriction subjects showed increasing
levels of subjective sleepiness, fatigue, confusion. tension, mental exhaustion indicators, stress,
and lapses increasing in frequency and duration. These escalating changes provide strong
evidence that partial sleep restriction similar to that experienced by pilots has cumulative effects
similar to those found in total or more extreme partial restriction.

In contrast. Hockey's (1986) analysis of parntial sleep deprivation study findings revealed minima!
performance changes but there were signufizant reductions in vigilance, efficiency, and increased
subjective sleepiness with and mood detencrauon

These results suggest that reducing rest by an hour should have litle impact on a pilot's
performance 1if the pilot is well rested prior to the reduced rest. If the pilot 1s suffering from sleep
debt prior to the reduced rest, there may be an impact on the pilot’s performance. If so, a reduced
duty period should follow the reduced rest period in order to compensate for the possibility that
the pilot may be more susceptible to time-since-awake effects.

Required Recovery Time

Complete recovery from a sleep debt may not occur after a single sleep period (Carskadon &
Dement. 1979: Rosenthal et al., 1991). Typically. two nights of recovery are required (Carskadon
& Dement. 1979: Kales et al.. 1970), although the required recovery penod may depend on the
length of prior wakefulness (Carskadon & Dement. 1982). For example. Kales et al. (1970 found
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that restncting sleep to 5 hours per night for 7 days. which more closely resembles crew sleep
patterns. required only a single extended night of sleep of 10 hours for full recovery. Moms
(1996) found fatigue resulting from the loss of 4.5 hours of sleep in one rught was not adequately
restored in spite of 9 hours of sleep on one recovery night. Studies of C-141 crews flying to
Southeast Asia during the Viemam Conflict found that three nights were required before sleep
returned to normal on the fourth night (Hartman. 1971). These results were observed even though
the crews averaged 7.5 hours sleep per night.

The research also suggests that sleep debt following extended flight duty periods will only be
effective if the sleep opportunity occurs at a time when the individual's circadian cycle will
suppont effective utilization of that opportunity. The quantity of sleep gained depends more upon
the circadian phase at which sleep is attempted rather than the length of prior wakefulness
(Strogatz, Kronauer & Czcisler, 1986; Wever, 1985; Aschoff et al., 1975).

Conclusions

There appears to be substanual evidence that a minimum of eight hours of sleep is required for
most people to achieve effective Jevels of alertness and performance. This rest level also enables
the individual to cope with reduced rest should the need arise. Achieving the required eight bours
under layover conditions depends upon the length of the off-duty period. The data suggest that an
off-duty period of ten hours may not be sufficient to support an eight-hour sleep opportunity.

Reducing the rest perniod by an hour should have little effect on pilot alermess and performance if
the individual is well rested. Reduced sleep, when accompanied by an existing sleep debt,
diminishes performance and the ability of the individual to maintain alertness throughout the duty
penod. especially if a long time since awake is involved.

Recoven from sleep debt often requires two nights of rest. This result puts into question the
effectiveness of extending the off-duty period following an extended duny pericd. Also. if no
sleep debt is allowed to accumulate. it is not clear that weekly breaks are required. However. the
data suggest that sleep debt is likely to accumnulate if 10-hour off-duty periods are used.

The Circadian Cycle and Fatigue

Biological Circadian Rhythms

Chronobiology is the study of time-dependent changes in vanous levels of the physiologic
organizauon from the organism as a whole. to the cell. to the genetic material itself. These
changes regularly reoccur in a predictable rhythmic fashion and are referred to as oscillations.
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The oscillatuons appear as waves, and the time to complete one full wave cycle is called a
“period.” They are divided into three groups by length of the rhythm. Ultradian are rhythms of 20
hours or less. Circadian encompasses rhythms between 20-28 hours. and Infradian are rhythms
greater than 28 hours. The latter include rhythms called circaseptan (7 days, £ 3 days).
circadiseptan (14 days + 3 days). circavigintan (21 days, = 3 days), circatrigintan (30 days. + 5
days) and circaannual (one year, + 3 months). According to Haus & Touitou (1994) there is
evidence of 7 day, 30 day and annual rhythms in humans, as well as the circadian and ultradian
rhythms.

Circadian rhythms have been recognized for decades. Yet the biological clock that regulates the
24-hour physiological and behavioral rhythms was not identified until the 1970s. These two
bilaterally located nuclei called the suprachiasmic nuclei (SCN) are located above the optic
chiasm in the anterior hypothalamus. These nuclei are considered the circadian pacemakers.
Destruction of these nuclei produce an arrthythmia and severe disruption between behavior and
physiological parameters including the timing of food intake and sleep. They appear not to
regulate the amount of either of these behaviors (Turek & Reeth, 1996).

Signals produced by the SCN are both hormonal and neural. Grafted nuclei without neural
connections restore circadian rhythms of eating and activity. Melatonin secretions, however, are
not restored, suggesting neuron control. Melatonin receptors have been found in the SCN and
appear to be part of a feedback mechanism that causes shifts in the circadian clock. The SCN has
been found to possess its own built-in rhythm. Evidence gathered thus far indicates that SCN
receive information about the light-dark cycle via two neural pathways from the optic nene. one
from the retinohypothalarmuc tract and the other through the geniculohypothalamic tract. The laner
pathway appears to provide information or signals that help with reentrainment after a shift in the.
light-dark cycle. But recent research appears to indicate that other photo receptors may also be
involved in the entrainment process (Campbell & Murphy. 19981

Peak levels of physiclogical functioning occur dunng the Light phase of the light/dark cycle This
svnchronizantion of physiological rhythms enhances work performance duning the daytime and
supports sleep at nught by turnuing down the metabolic thermestat. The internal synchronization of
the vanable metabolic parameters with the light/dark cycle are tuned for optimal functioning.
Over 100 biclogical rhythms are geneucally generated within the human body, then entrained or
synchronized to better work in concert (Wehr, 1996; Takahasi, 1996). The greater the
synchronization between hormone production, metabolic rate, enzyme and neurotransmitter
synthesis, the higher the amplitude of the rhythm and the greater the communication between the
body's cells. Thus, the maintenance of a strong circadian rhythm carmes with it considerable
ramifications for good health, well-being. and functioning (Wehr, 1996).

The suprachiasmic nuclei. together with the pineal gland, function as metabolic and behavioral
concert conductors in cue with environmental factors such as Light/dark. meal timing, social
interaction, and physical activity. This synchronization of internal and behavioral with the
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external environment around the 24 hour day (circa=about: dies=day) is called circadian rhythm
entrainment.

Although other internal and external factors do play a role, the light-dark cycle is the major
entrainment factor for most of the animal kingdom. For humans, though, the light-dark cycle is
felt to be a relatively weak synchronization of the human circadian rhythm for two reasons.
Compared to other animals, the light sensitivity threshold as a synchronizing factor is
considerably elevated. For comparison, the light intensity required for circadian synchronization
in a hamster is only .5 lux, whereas for humans estimates range from 1200-2500 lux (Reinberg &
Smolensky, 1994). This raises questions about the adequacy of indoor lighting. Second, man is
the only species that lives outside of the day/night cycle. '

Social environment appears to play a more important role in entrainment. Social factors that can
alter the biological clock regulation of circadian rhythms include temperature, flight duty, stress,
meal consumption, and food presentation (Samel & Wegmana, 1987). Exercise or activity also
appears to help retrainment after circadian disruption. Ferrer et al. (1995) cite evidence that
physical fitness predicts how well a person adapts to shift work changes regardless of its
entrainment potential. Individuals who are physically fit and exercise regularly have higher
circadian rhythm amplitudes than unfit individuals, and those with high circadian rhythm
amplitudes are more tolerant of shift work (Ferrer et al., 1995). This helps to explain why age-
related flattening of circadian rhythms is related to increased sleep difficultes, poor adjustment to
night work and transmeridian flights in those over 50.

- - Back of the Clock Operations, Circadian Rhythm and Performance

There 15 a substantial body of research that shows decreased performance during night shifts as
compared with day shifts. The reasons for thus decreased performance include:

¢ Circadian pressure to sleep when the indiv idual is attempting to work.

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

e Time since awake may be substantial if the individual is up all day be fore reporting for the
nigbt shift.

e Cumulative sleep debt increase throughout the shift.

Research conducted by Monk et al. (1989) indicates that subjective alertness is under the control
of the endogenous circadian pacemaker and one's sleep-wake cycle (time since awake). When
lime since awake is long and coincides with the circadian low there is a very sharp drop in
alertness, a strong tendency to sleep and a significant drop in performance (Perelli, 1980).
Alertness is relatively high when the circadian rhythm is near the acrophase and time since awake
is small. Monk (1996) argues that this cycle is consistent with the NTSB (1994) finding of a peak
accident rate occurring in the evening. The strength of the circadian cycle is substantial. Akerstedt
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.1989 ) argues that, up to 24 hours without sleep, circadian influences probably have greater
effects than time since awake.

In Japan. 82.4 percent of drowsiness-related near accidents in electric motor locomotive dnvers
(Kogi & Ohta, 1975) occur at night. Other landmark studies over the past several decades

have documented the increase in accidents and error making. Klein et al. (1970) argue that their
research with simulators proves that night flights are a greater risk than day flights. Their research
found 75- to 100-percent mean performance efficiency decrements in simulator flights during the
carly morning hours, regardless of external factor such as darkness or increasing night traffic or
possible weather conditions.

Task performance in a variety of night jobs has been compared with performance of their daytime
counterparts, and results consistently show deterioration of performance on the night shift.
Browne (1949) studied telephone operators’ response time in answering incoming calls in relation
1o the hour of the day and found the longest response times occurred between 0300 and 0400
bours. Bjerner et al. (1955) examined gas company hourly ledger computations of gas produced
and gas used over an 18-year period and found that recording error were highest at 0300 hours
with a smaller secondary peak at 1500 hours. Hildebrandt et al. (1974). investigating automatic
train braking and acoustical warmning signal alarms set-offs, also found two peaks at 0300 and
1500 hours in these safety-related events. Similar finding have been reported in truck accidents
(Harris, 1977) and in Air Force aircraft accidents (Ribak et al., 1983). Other accident analyses of
ume of day and hours of work show that both circadian rhythm and hours of duty play a
significant role in the occurrence of accidents (Folkard, 1997: Lenpe et al., 1997). In addition. the
incidence of accidental injury nearly doubles dunng the night shift compared to moming shift,
while the severity of injury increases 23 percent (Smith et al., 1994). Night nurses make nearly
rwice the pauent medication errors as day nurses and expenence nearly three imes the auto
accidents commuting to and from work (Gold et al., 1993).

Akerstedt (19881 reviewed the effects of sleepiness from night shift werk and found that the
~otentially hazardous situation resulting from increased sleepiness dunng night shift is real and
underestimated. Akerstedt (1988) also reports that fatigue in shift workers is higher than in day
workers. highest in night workers, followed by moming workers. Overall, sleepiness among night
workers is estimated to be around 80 to 90 percent. Roth et al. (1994) indicate that rates for
workers falling asleep on the job while on night shift have been reported to be as high as 20
percent.

Night operations are physiologically different than day operations due to circadian trough and
sleep loss. This carmies a higher physiological cost and imposes greater nsks of accidents. One of
the most established safety issues is working in the circadian trough between 0200 and 0600.
During this period workers experience considerable sleepiness, slower response times, increased
errors and accidents (Mitler, 1991 Pack, 1994). Many recent accidents from various
ransportation modes have been associated with this circadian trough (Lauber & Kayten, 1988).
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Lymzn and Orlady (1981D). in their analysis of the Aviation Safety Reporting System researcher
state 1aat 31 percent of incidents occurring between 2400 to 0600 hours were fatigue related.

Gander et al. (1996) found that overnight cargo pilots exhibited partial adaptation to night work
with a nearly 3-hour phase shift in the lowest body temperature, with subjective fatigue and
activation peaking shortly thereafter. Despite this, pilots still experienced a three-fold increase in
multiple sleep episodes (53 percent versus 17 percent) and a 1.2 hour sleep debt per night
compared with pre-trip sleep length.

In some cases, the high fatigue levels found may be due to time since the last sleep. Pokorny et al.
(1981) analyzed bus driver accidents over 2 five-year period and found that, although the time of
day affected some incidents, one of the most important factors in driver accidents was how early
drivers reported to work. Those reporting in between 0500-0600 had about six times as many the
accidents as those reporting between 0700-0800. A peak in accidents also occurred two to four
hours after beginning the shift.

If an individual has been awake for 16 to 18 hours, decrements in alertness and performance are
intensified. If time awake is extended to 20 to 24 hours, alertness can drop more than 40 percent
(WRAIR, 1997; Morgan et al., 1974, Wehr. 1995). A study of naval watch keepers found that
between 0400 to 0600, response rates drop 33 percent, false reports rates 31 percent, and response
speed eight percent, compared with rates between 2000 to 2200 hours (Smiley, 1996).

Samel et al. (1996) determined that many pilots begin night flights already having been awake
more than 15 hours. The study confirms the occurrence of as many as five micro-sleeps per hour
per pilot after five hours into a night flight. They also found that 62 percent of all pilots studied
rated their fatigue great enough to be unable to fly any longer after their mught flight. This
expizns earlier findings in long haul return night flights that showed significant physiological
markers of higher stress. LUpon return to home base after flying two rught flights (outbound and
return) pilots average 8 to 9 hours of sleep debt. Although flights vaned from north-south and
east-west with layoser length from 14 hours to 4.5 days. sleep debt appeared similar. East-west
flights had significantly longer layovers but were disruptive to circadian rhythms. The authors
concluded that “During day time, fatigue-dependent vigilance decreases with task duration. and
fatigue becomes critical after 12 hours of constant work. During night hours fatigue increases
faster with ongoing duty. This led to the conclusion that 10 hours of work should be the maximum

for night flying.”

Gander et al. (1991) found in an air carmier setting that at least 11 percent of pilots studied fell
asleep for an average of 46 minutes. Similarly, Luna et al. (1997) found that U.S. Air Force air
wraffic controller fell asleep an average of 55 minutes on night shift. A possible explanation for
these sleep occurrences, in addition to circadian nadir, is the finding of Samel et al. that many
pilots begin their night flights after being awake for as Jong as 15 hours.
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The effect of time since the last sleep is even greater if a sleep debt already exists. An NTSB
heavy trucks accident analysis (NTSB. 1996) clearly shows that “back of the clock™ driving with
a sleep debt carries a very high nsk. Of 107 single-vehicle truck accidents. 27 dnvers exceeded
the hours of duty. Ninety-two percent (26) of these had fatigue-related accidents. The NTSB
report also shows that 67 percent of truck drivers with urregular duty or sleep parterns had fatigue-
related accidents compared to 38 percent in drivers with regular duty or sleep patterns.
Lrregularity resulted in a decrease of 1.6 hours on average in sleep with a total of only 6.1 hours
compared to 7.7 hours in regular pattern drivers. The NTSB report indicated that they could not
determine whether irregular duty/slecp patterns per se led to fatigue but some experimental data
support this notion. The findings of the NTSB not only found shifted sleep patterns but this shift
was coupled with sleep loss. Taub and Berger (1974), while maintaining sleep length, shifted
sleep times and found that performance oa vigilance, calculation tasks, and mood were
significantly impaired. Furthermore, Nicholson et al. (1983) showed that irregular sleep/work
resulted in increasing performance impairments which was further increased by time on task,
cumulative sleep loss, and working through the circadian nadir.

Performance can also be affected by curnulative fatigue buildup across multiple days. Gundel
(1995) found that pilots flying two consecutive nights with 24 hours between flights slept about
two and a half bhours less during their daytime layovers (8.66 hours versus 6.15 hours), and
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, puots felt greater
fatigue on the second night. Therefore. with ime since awake being the same. sleep quality and
quantity during the daytime layover resulted in increased fatigue.

Samel et al. (1997) monitored 11 night flight rotations from Frankfort to Mahe/Seychelles
crossing three ime zones. Pilots slept on average eight hours on baseline nughts. On layover,
sleep was reduced to 6.3 hours. Pilots amved at SEZ after 22 hours of being awake (except for
approximate 1.5 hour nap prior to departure). Fatigue scores increased over both outbound and
inbound flights with 12.4 micro-sleeps per pilot outbound and 24.7 on retumn. Prior to the
outbound FRA-SEZ flight 85 percent of pilots felt rested whereas on return only 30 percent
reported feeling so. These studies document that night flights are associated with reduced sleep
quantity and quality, and are accompanied by cumulative sleep debt.

Borowsky and Wall (1983) found that flight-related accidents in Navy aircraft were significantly
higher in flights originating between 2400 and 0600 hours. The higher mushap incidence was felt
to be the result of circadian desynchronization and disrupted sleep-wake cycle. Sharppell and
Nen (1993) divided the operational day of navy pilots in Desert Shield and Desert Storm
operations in to four quartiles beginning at 0601-1200 with 0001 to 0600 being the fourth
quartile. They found that there was a progressive increase in pilots’ subjective need for rest
between flights as flights originated later and later in the day from quartile | to quartile 4. In

Literature Review Page 26



addition multiple missions and cumulative days flying also increased the pilots subjective need
for additional rest between missions. The laner effect is the cumulative effect of fatigue. As sleep
time increased before a flight the subjective rest needed before the next flight decreased.

Sleep Patterns During The Day

Simply providing pilots with the opportunity to rest during the day may not be sufficient to
compensate for the demands of night flying. Night workers have been shown to sleep on average
one and a half bours less each day than day workers (Minors & Waterhouse, 1984). Depending on
type of shift and rotation, there can be as much as three hours sleep deficit. Czeisler et al. (1980)
showed that sleep duration was dependent oa the circadian phase. Thus daytime sleep was

significantly reduced compared to night time sleep.

The propensity to sleep is high during the night and low during the day. But there is a gradient
effect in sleepiness. Between six and 12 hours awake, sleepiness in control subjects increased
seven percent; between six and 18 hours, 28-37 percent (Minor & Waterhouse, 1987; Minor et al .
1986). This is the result of a myriad of other rhythms—hormonal, secretory, tempe rature—that
orchestrate an internal environment for action during the day and for rest at night. The effect of
circadian rhythm on performance is illustrated in the findings of a sleep deprivation study on
mult-task performance. Czeizler et al. (1994) points out that alertness and performance would
normally decline as a function of time since awake, except when coupled to the circadian rise in
body temperature, the two functions stay relatively stabile through most of the waking hours. The
beginning of a drop in alertness starts three to four hours prior to normal bedtime. At bedtime
there is a sudden and dramatic—18-20 percent—fall inperformance and alertness, coinciding
with the rapid drop in body temperature.

Night work which requires daytime sleep has been shown to reduce the amount of sleep obtained
whether on permanent night or rotating shifts (Colligan & Tepas, 1986). In quick changeovers
with 8 hours off between shufts, Totterdell (1990) found workers only acquired 5.14 hours sleep
Kurumatani (1994) observed that workers getting off at 1600 hrs and required to began again at
2400 hours slept 2.35 hrs. On a similar shift change but gerting off 1200 hrs and returning to dun
at 2400 hrs workers were only able to get 3.0 hrs sleep. These researchers found a coml;;tjon '
(r=.95) between the hours berween shift and sleep duration. They concluded that at least 16 hours
off duty time were needed between shifts to insure 7-8 hour sleep, a conclusion reiterated in a
recent review (Kecklund & Akerstedt, 1995).

Transmeridian Operations

Transmoenidian operations create similar problems in attempting to work when the body wants to
sleep and sleep when the body wants to be awake. The biggest challenge posed by multiple time-
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zone flights is the time required for the body to adjust 1o the new time zone. The period of
adjustment appears to depend on the direction of travel. Adjustment appears to be faster after
westward flights than eastward flights (Klein & Wegmann. 1980). Adjustment following
westward flights appears to occur at a rate of about 1.5 hours per day w hile eastward-flight
adjustment occurs at about 1 hour per day. This may be due to the body's inherent tendency to
lengthen its period beyond 24 hours. which coincides with westward flights. These data also
suggest that phase shifts below six hours can have a significant impact (Aschoff et al., 1975).

Aside from the obvious implications for transmendian operations, these data also apply to reserve
pilots whose protected sleep opportunity may vary as to its occurrence across assignments. Even
if a protected time period is predictable, unless it includes the night hours, it may not provide an
effective opportunity for sleep and thus may not lessen fatigue.

Conclusions

The following conclusions can be drawn from the research cited above:

e An individual’s WOCL should be defined on the basis of the ume zone where he/she
resides, which may be differeat from the home domicile.

e Duty periods conducted during WOCL already carry a fatigue penalty due to the circadian
cycle. Consequently, duty periods involving WOCL should be reduced.

¢ The number of duty periods involving WOCL that must be performed without time off
should be limited.

o Because the circadian cycle is longer than 24 hours. each duty period should start later
than the previous duty penod.

¢ Reserve assignments should atempt to maintain a consistent 2+-hour cycle

¢ Direction of rotation for both back-of-the-clock flying and directon of transmendian
operations should be considered. Given the body s preference for extending the day.
backward rotation should be used when posstble.

¢ Transmendian operations should be scheduled in accordance with either of two

approaches:
e For short periods, it may make sense to attempt to keep the puot on home-domicile
time

e For longer penods, reducing the duty period and providing more opportunities to sleep
may be the best approach.
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Augmented Crews

Little research has been performed to assess the effectiseness of managing fatigue through the use
of augmented flight crews. However, two recent NASA projects have been initiated to study long-
haul augmented flight operations (Rosekind et al., 1998). The first project used a survey to
examine factors that promoted or interfered with sleep in crew quarters installed on aircraft.
Results were collected from more than 1,400 crewmembers from three participating U.S. airlines.
It was concluded that, even though some difficultics were noted, flight crewmembers were able to
obtain a reasonable amount and quality of sleep while resting in on-board bunks. Further, the
sleep obtained was associated with improved alertness and performance. This study also
‘dentified factors that could be used to develop strategies to obtain optimal sleep.

The second project was a field study that examined the quantity and quality of sleep obtained in
on-board bunks during augmented, long haul flights. Data were collected from two airlines
involved in different types of international operations. and a corporate operator. Preliminary
results showed that crewmembers obtained a good quanuty and quality of sleep. Additional
analyses are presently being conducted.

Conclusion

A review of the scientific literature pertaining to fatigue. sieep, and circadian physiology was
performed in order to identify the major issues that necd to be considered in developing a
regulatory approach to pilot fatigue and sleep debt. The conclusions deyeloped for each issue
reflect areas that might benefit from additional FAA consideration.
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1. Introduction

This document is intended to provide a review of the proposed flight-duty regulauons for flight
crewmembers as defined by the Federal Aviation Administration (FAA) in the Noace of Proposed
Rule-making (NPRM) (1). The Flight-Duty Regulation Scientfic Study Group (the “Study
Group™) was organized in response 10 a request by the Independent Pilots Associauon (IPA) for a
scientific review of the NPRM, including a detailed determination of the exient to which the pro-
posed regulations adequately address the problemss of fatigue and sleep deprivation in flight crew,
and the extent to which they appropriately utilize available scientific information. both that ex-
pressly cited in the NPRM and the larger body of scientific literature regarding the origins of hu-
man fatigue in sustained operations.

The Study Group consists of members of the scientific community with research interests in the
fields of human sleep and circadian physiology, and sleep disorders medicine. While some of the
members of the Study Group have participated in an advisory or review capacity in the evaluation
of extended duty limitations in other work settings, including other transportation sectors, none of
the members has had previous involvement in the development of these flight-duty regulations or
in the NASA research projects cited as providing the specific foundation for the current NPRM.
Thus. it is the intent of the Study Group that this document will constitute a new and independent
review, incorporating the perspectives provided by regulatory efforts in other industries and by
research performed in other related areas.

Another important principle guiding our review and assessment of the proposed regulations re-
quires express statement at this point. It is the position of the Study Group that the success of any
attempt to regulate duty schedules to guarantee adequate rest depends joinly upon the provision of
adequate opportunity for rest within the schedule, and upon the responsible cooperation of the
regulated individual. However, personal behavior cannot practically be regulated. Experience with
atiempls to provide improved rest opportunities in other settings demonstrates that ume provided
for sleep is often used for other things, effectively defeating the intent of the onginal provision.
The solution to this limitation is a continued emphasis on education of the regulated group regard-
ing the nature of the problem and their role in its solution. However, the Study Group feels
strongly that the possibility of compromise of allocated rest ume should not relieve regulatory
authonity of the responsibility for insuring that adequate ume is provided for rest

Finally. it is also important 1o state in this introduction that, despite its evident limitations, the pro-
posed NPRM represents unambiguously imponant and valuable progress. The Study Group
unanimously feel that the FAA is to be applauded for persisting in this effos, and for producing a
set of proposed regulations that atempt 10 incorporale current understanding of human slesp
physiology. To our view, this incorporation is not as complete as it can or should be, and the 1s-
sues identified in this review are meant as suggestions for improvement in the proposed regula-
tions. It is our hope that many of the imponant adjustments can be included in the final set of rules
produced by this effort, whereas other 1ssues clearly represent deficits in the current scientific data-
base. These will require additional research attention before they can be addressed in furture rule-
making efforts.

The goal of providing safe travel 24 hours a day requires opumum Crew alertness and performance
at all imes. Since human alertness is highly dependent on the complex regulatory system govern-
ing sleep and wakefulness, we will begin this review by summanzng current understanding of the
physiologic systems regulating sleep and wakefulness, and the factors that contnbute to human
fatgue. In subsequent sections, we will 1) summarize the adequacy of the proposed changes in
flight duty regulations (1) in addressing the relevant aspects of human physiology. and 2) summa-
rize areas where we believe that the proposed regulations can and should be reviszd and expanded
10 better address these issues with the goal of optimization of aircrew alertness and air travel safety.
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Figure 2-1: Schematic representation of the physiologic factors
contributing to buman fatigue in sustained operations

2. Scientific Background

2.1. A working definition of faugue

Much of the literature cited in support of the proposed modifications 10 the FAA regulations vana-
bly use the terms “fatigue™ and “sleepiness” 1 describe the physioiogical condition arising from
inadequate prior sleep and/or the condition that occurs when wakefulness is forced during phases
of the circadian cycle appropriate to sleep. The implication of this usage is that these terms are in-
terchangeable, whereas a closer evaluauon indicales that they are not. and confusion of the two
terms impairs the discussion of the physiologic basis of performance errors and the appropnate
focus for interventions. Sleepiness has a precise definiton:

“Slecpiness, according 10 an emerging consensus among sleep researchers and clinicians, is a basic
pbysiological state (like) bunger o thirst. Deprivation or restnction of skeep increases slecpiness,

and as bunger or thirst is reversible by eaung or dnnking, respectively, sleep reverses sleepiness.™

By contrast, the lerm “fatigue”, as it is used in the human performance coniext, does not have a
precise physiologically-based definition. Instead, fatigue is used in 2 broader sense 1O describe de-
terioration in human performance, arising as a consequence of several potenual factors, including
sleepiness. When the intent is 10 prevent human error, it is necessary Lo go beyond the broad defi-
nition and identify the specific physiologic components which then become the target for interven-
tion. This review will reserve the term faugue for the general condition in which performance is
impaired, and will identify and focus upon three contributors to human fatigue, the control and
limitation of which is necessary to the optimization of performance of crew members in air flight
(Figure 2-1).

* From Rotb. T.. ef al.. Daytme sleepiness and alertness. In Principles and Pracuice of Sleep Medicine, M.H. Kry-
ger, T. Roth, and W.C. Dement, Eds. 1989, W .B.Saunders: Philadelpbia p. 14-23.
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2.2. Homeostatic regulation of sleep

As suggested, the most prominent among potential causes of fatigue is a decline in human alertness
(or an increase in sleepiness) occurring as a consequence of sleep deprivation. Sleep deprivation
can be thought of as an inadequate fulfillment of the homeostatic need for sleep(2), either over the
short term (“acute sleep deprivation™; Figure 2-1) or gradual sleep deprivaton over the longer term
(“chronic sleep deprivation”; Figure 2-1).

The homeostatic mechanism is reflected in common sense observation that an individual who does
not get adequate sleep prior 1o performing a task will be sleepy, and performance of the task will be
impaired. In designing appropriate schedules to determine what is “adequate sleep”, several factors
need to be considered: 1) although the average amount of sleep needed for daily alertness is typi-
cally a little less than eight hours, there is remendous individual variation. Thus what may be suf-
ficient for one individual may not be enough for another; 2) The effectiveness of sleep in main-
taining daytime alertness changes across the lifetime, and declines in older age (3). This suggests
that in older crew members the need for adequate pre-flight sleep is particularly impornant: 3) Com-
plete recovery from operating with an inadequate amount of sleep (“sleep deprivation™) does not
occur after a single sleep period (4, 5). Two or three sleep cycles are usually required before nor-
mal levels of alermess are achieved following sleep deprivation. 4) There is evidence that sedatives
including sleeping pills or alcohol have profoundly greater effects, and may have longer duration
of action, in a person who has had inadequate sleep (6). Thus the duration of time needed for safe
performance following use of such compounds may be prolonged in a person who took them in a
state of sleep deprivauon. ~

2.3. Circadian modulation of sleep, sleepiness and performance.

The second factor in determining the levels of sleepiness is the phase of the human circadian clock
(Figure 2-1). Circadian rhythmicity is the term used to describe diumnal variations in physiologic
functons that derive from time-keeping sysiems within the organism. Circadian rhythms are ap-
parent in the physiology of virtually all plants and animals. and this ubiquity suggests that internal
ume-keeping was an imporant adaptation o the 24-hour variation in the external environment (7).
In raammals, including humans, circadian rhythms are controlled by sophisticated neural clocks
located at the base of the brain that use phouc information from the reuna to orient physiologic
rhvthms with respect Lo extemal time. In diumal (“day-active™) species such as the human, the cir-
cadian clock is oriented so that alertness, metabolic activity, and varous other funcuons increase
by day 1o facilitate the physical activity and behaviors exhibited at those umes (8). By night, alert-
ness is decreased and metabolic acuvities are commensurably reduced to facilitaie sleep and con-
serve metabolic energy. Laboratory studies of the influence of the circadian clock typically rely on
continuous body temperature measurements (0 track the clock’s influence on metabolism. Core
body temperature is remarkably rhythmic in humans when it 1s measured in conditions carefully
designed to eliminate outside influences.

The circadian rhythm of body temperature has a peak berween the hours of 4 and 6 PM in the eve-
ning, and a trough approximately 12 hours later at 4 to 6 AM. While the exact position of these ref-
erence points may vary from individual to individual, in healthy adults, they are remarkably con-
sistent within a relatively narrow range. Studies of human performance as a function of ume of day
have demonstrated clear circadian rhythms in several different types of perfformance functions. For
the most part, this variation mirrors the circadian variation in sleepiness (i.e. minimum in perform-
ance capacity in the early moming hours (berween 4 and 6 AM) coincident with minimum body
temperature and maximum sleepiness) (9). These data are consistent with the generally accepted
hypothesis that important circadian variation in performance is a secondary consequence of the cir-
cadian variation in sleepiness.

Further. an extensive body of laboratory data has established that human circadian clocks rely upon
light-dark variation to orient circadian rhythmicity relauve to extemal ume (10). A dependence of
this effect on the intensity of the light means the external sunlight exposure typically dictates the
onentation of an individual's circadian clock. Studies of the relauonship between circadian onenta-
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tion and light-dark cycles have progressed to the point where it is now possible to make reasonable
estimates of the effect of transmendian travel, with the consequent alierations in light-dark expo-
sure, on intemal circadian orientation and the dependent rhythms in alertness and perform-
ance (11).

Studies of the circadian system lead o several conclusions relevant to extended-duty paradigms
such as those in aviation: 1) Auention only to the needs of the homeostauc system will not result in
adequate alertness. Thus a crew member who works in the early morning hours of 4 - 6 AM will
not necessarily be as alert as one working during daylight hours, even if both had been off-duty for
the same amount of time prior to work. 2) When flight plans involve transmeridian travel, duty re-
quirements may lead the crew to need w0 function at times in which the body’s propensity is to
sleep: 3) When crew land at transmeridian destinations, their internal circadian systems may be out
of phase with those of the new local environment (12). Thus they may be in their own internal
sleep phase when it is daytime at the new destination.

Further, several factors need to be considered in designing schedules that allow for these circadian
processes. The first is that there is a great deal of individual variation in the ability to adapt to
changing schedules of this type (13). In addition to this individual variability the ability to adapt to
changing shift schedules declines with age. Hence older crew members are more likely 1o experi-
ence difficulty adjusting to new time periods of sleep and waking. Second, the ability to adjust to
new time schedules depends on the direction of transmeridian travel. In general, short-term
changes of four or more time zones in eastward travel are more difficult 10 adapt to than equivalent
westward travel. The implication of this is that recommendations for adequale rest may need 1o be
tailored specifically for the direction of travel. Third, recovery sleep itself is influenced by the ume
of the circadian day (14). Thus a 10 hour period for recovery sleep in a new time zone will not ini-
tially be as effective in restoring alertness as an equivalent recovery period in the home ume zone.
Fourth, the use of hypnotic medication (sleeping pills) may improve sleep in adverse phases of the
circadian cycle, but the relationship of this improved sleep to subsequent performance is complex
and still under study (15). Finally, one environmental factor-- the amount and timing of exposure
w0 sunlight (or equivalent bright artificial light)-- can greaty influence the ability o0 adapt 10 new
sleep and waking schedules (16). Thus exposure lo sunlight, or the use of appropriately tmed aru-
ficial light, may be useful in belping an individual receive adequate sleep. Conversely, inappropn-
ale exposure to bright light may inhibit that individual’s ability to receive adequate rest

2.4. Time on task

The third factor that can contribute 1o fatigue is the duration of time spent working without signifi-
cant interruption (“‘time-on-task; Figure 2-1). Evidence suggests that a complex relationship exists
between task efficiency. as measured by the probability of error, and ume spent working on the
task. In studies of manufacturing settings, the probability of error begins at a relatively high level at
the beginning of the shift (“re-familiarizauon™), rapidly declines o opumal levels within a few
hours, then steadily increases over the remainder of the (typical) eight-hour shift (“iask fatigue™).
Srudies of longer shift durations consistently suggest the rate at which performance deteriorates
may increase for durations beyond 8 hours and this has been an imponant factor in efforts to limit
maximal shift duration in a variety of setungs (17).

Time-on-task effects are the least studied and least understood of the factors contributing 10 human
fatigue. For example, unlike sleep deprivation which can only be reversed by sleep, performance
deterioration associated with prolonged task duration appears to be task specific, reversing with
time away from the task, even if the time is spent with other waking acuvities. But important data
about the nature of this effect, particularly as it might relate to complex tasks such as those per-
formed by flight crews, is not yet available. Itis not clear, for example, whether inherenty variable
tasks can modulate the rate at which performance deteriorates. Further, there are imporant meth-
odological issues that have not all been addressed in available studies of ume-on-task effects. For
long task durations, i.e. 8 or more hours, sleep deprivation and circadian phase effects will neces-
sarily vary significanly over the course of the task, confounding interpretauon of performance
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changes. Studies systematically varying circadian and sleep deprivation (homeostatic) influences o
isolate the time-on-task effects have not yet been performed. Pending collection of such data, ide-
ally specific o flight crew job requirements, available time-on-task data nonetheless raise signifi-
cant general concerns about sustained shift durations, particularly those greater than 10 hours.

An additional important factor in the determination of time on task effects is task intensity. Faugue
generally accumulates faster in high iniensity tasks than in low intensity tasks, suggesting that
maximurn task durations should be adjusted according for task intensity. However, in practice,
task intensity can be very difficult to measure. Within aviation, this principle has been used to jus-
tify adjustments of maximum shift duration as a function of the number of landings on the widely
accepied premise that landings are the most intensive aspect of aviation.

2.5. Interactions

Beyond their direct relationship to human fatigue and the probability of error, each of the physiol-
ogic axes identified above also interacts with the others to polentiaie adverse effects. Thus, the ex-
tent of sleepiness and performance impairment produced by moderate sleep deprivation is greater at
4 AM than it is at 4 PM. Similarly, the rate at which time-on-task effects on performance accumu-
late depends both on the circadian phase at which the task is performed, and on the extent of prior
sleep deprivation on the part of the person performing it. The importance of the circadian system in
modulating both alertness and the ability to sleep results in another important interaction. In addi-
tion to the direct adverse effect on alertness and performance, work on the “back side of the clock™
over a number of successive nights results in chronic sleep deprivation as a consequence of im-
paired ability to slecp during the day. This sleep deprivation can then potentiate the performance
impairment on later night shifts.

These inieractions have made it difficult w isolate the physiologic contributors to fatigue in the
laboratory and assess their relative magnitude and importance; for example, how much sleep depri-
vation is equivalent to work at the circadian nadir? Without more data on this issue, the only effec-
tive strategy for intervention requires addressing each of the three axes as completely as possible.

2.6. Shift-work

The focus of this effort on the scheduling of flight crews occurs in the context of general concern
about extended duty, night work, and consequent sleep deprivation in a large number of occupa-
tions with public safety implications (18). A growing number of US. workers are called upon w
routinely work other than regular daylight hours. It is esumated that some twelve million people in
the United States now fit this broad definiuon of shiftworker (19). A number of straiegies have
evolved to provide for extended duty and nighttime coverage of the growing vanety of service and
manufactunng setungs that require continuous staffing. The most common of these is the
" *“rotating” shift schedule in which crews of workers work successive shifts for one or more weeks
at a time. The shifts typically are days (8 AM to 4 PM), evenings (4 PM to midnight) and nights
(midnight 10 8 AM). While rotating shifts of this kind. varying shghdy with regard 1o starung time
and direcuon of rotation, probably the most common implementation for continuous coverage, a
number of other approaches have been used as well. As a consequence, specific data regarding the
impact of a given shift schedule, or even specific shift durations, on human performance, sleepi-
ness, or other human factors are not always available. It is also important to realize that generaliza-
tion from research results regarding a specific schedule o all shift work is rarely justified

It is recognized that night-work can be deletenous to workers’ safety and productivity in part be-
cause of the increased risk of performance errors during the early morning hours (between 4 and 6
AM). While various shift work schedules may be capable of modulating this risk to a greater or
lesser degree, recent work on the imponance of sunlight o human circadian function (see above)
has established that this nighttime vulnerability (o error persists even in shiftworkers with years of
night work experience. It is important to realize that an individual working nights is at nisk for sig-
nificant sleepiness for two disunct reasons: First, work during the early moming hours (between 4
and 6 AM) is associated with the previously-described circadian increase in sleepiness and sleepi-
ness mediated performance errors. In addition, an individual working successive nights 1s forced
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to obtain sleep during the daylight hours at a time whea the circadian pre-disposition o0 sleep is
minimal (20). As mentioned, sleep under these circumstances is typically fragmented, sleep state
architecture is distorted and the restorative nature of sleep (per hour of sleep atempted) is reduced.
Thus, over time, the night shift worker accrues cumulative sleep deprivation which when added 1o
the circadian sleep effects can produce profound impaimment. A consequence of this is that the uni-
fying aspect of successful strategies for combating the increase in performance errors by shifi-
workers on the night shift is to maximize the amount of sleep obtained, compensating as much as
possible for the inefficiency of daytime sleep through sleep extension, napping efc., and preventing
the accumulation of significant chronic sleep deprivation.

2.7. Fatigue and safety in flight operations

While the problems of sleep deprivation and night-work are certainly not unique to aviaton, there
can be little doubt regarding the significance of the problem that crew fatigue poses for the aviation
industry. Laboratory simulator studies have demonstrated that compliance with current flight-duty
regulations and work schedules does not protect against significant sleep deprivation and unaccepi-
able levels of fatigue in flight crews (21). A growing number of field studies have documented that
crews are experiencing serious sleepiness during flight operations, and NASA's Aviaton Safery
Reporting System (ASRS) identified 221 incident reports (over an ei ght year period) in which crew
fatigue contributed to problems during flight operations (1). Finally, the National Transportation
Safety Board (NTSB) has identified crew fatigue as a material contributing factor in more than one
recent accident Together, these findings indicate that fatigue is a significant safety issue in the
aviation industry, and that the current regulations regarding limitations on flight-duty schedules are
an important factor in the genesis of that fatigue.

One important challenge posed by the NPRM is the identification of outcome measures to be used
to determine the impact of revised regulations. While available measures have adequately docu-
mented the presence of a problem, they would appear to be inadequate for the task of assessing
change over a two or three year span immediately following implementation of new flight-duty
regulatons. The relative ranity of aviauon accidents studied by the NTSB makes this measure 100
insensitive to detect changes that might reasonably be expected to occur in response to small proac-
dve interventions such as a two hour reduction in maximum duty tme for example. At the same
time. the potenual bias inherent in the ASRS database makes these data 100 subjective. The Study
Group feels strongly that an important prionity for the immediate future should be the identfication
and validation of proxy measures of crew faugue that can be used 1o effectively monitor the impact
of this and future revisions without relying on catastrophic ouicomes as the only accepted depend-
ent measure.

3. Summary of proposed guidelines

The FAA cites the NASA technical memorandum “Pnnciples and Guideline for Duty and Rest
Scheduling in Commercial Aviation™ (22) as the primary source in the preparation of the NPRM
(1), although there are important differences between the NASA recommendations and the final
NPRM document. The NPRM guidelines address duty period, flight, ime, and rest requirements.
Secondarily. they discuss reserve periods as well as cumulative duty periods for a week and a
month.

There are two important general features of the proposed guidelines. The first is the predication of
duty limitations on total duty instead of just flight ume. Specific regulations of duty durations
specify separate upper limits for total duty time (without an intervening period of rest) and for total
flight time within the longer duty segment. The second imporant general change is the consolida-
tion of regulations for various types of flight operations covered by Part 121 (covenng domestic,
flag and supplemental flight operations) and elimination of differences between relevant parts of the
Part 121 regulations and the Part 135 regulations (covering commuter and on-demand flights).
This results in simplification and greauy improved consistency in flight regulations.
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TABLE 3-1: SUMMARY OF PROPOSED REGULATIONS

Descnpaon
M
1. Flight duty duration Crew size Max.duration

(duty/Mlight)
1 148
2 1410
3 . 1612
3 1816
4! 2418
2. Minlmum rest duration Crew size Min. deration
(hosurs)
1 10
2 10
3 14
3 18
4! ps)
3. Flight time limits Time frame Max. flight
time (bours)
Per week 32
Per month 100
Per year 1200

"With facilities for sleeping in flight

. -
‘.,., Ca

The new regulations are intended as “...a preventative measuré dés'igﬁed 10 address the potential
safety problems associated with fatigue-based performance decrements...by requiring cenain
scheduling limitations and minimum rest periods.” Before assessing the extent to which the pro-

posed regulations accomplish this goal, it is necessary to stpulate their specific provisions. An ab-
breviated summary of the relevant sections of the NPRM follows (see Table 3-1).

3.1. Revised Flight-Duty Durations

Under the proposed regulations, the base duration of the duty period (2 pilot crew) would be 14
hours. This would include 10 hours of flight time. Importanuy, depending on crew size, avalabil-
ity of on-flight sleeping quarters. and operational delays. this can be extracted to 26 hours of duty
time and 20 hours of flight time. Increasing crew to three pilots raises duty penod to 16 hours,
availability of sleep opportunity 0 18 hours, and 4 person crews to 24 hours. Any one of these
limits can be increased by 2 hours for unplanned operational delay.

3.2. RestPerniod

The basic unit of rest, associated with the basic 2 person crew, 14 hour duty period, is 10 hours.
Depending on the duration of the duty period, the requirement of the rest penod could be as long as
24 hours. It must be recognized that these rules are for the subsequent rest period. Regulations do
not specify minimum rest for subsequent duty. Thus, it is possible to have a 10 hour rest period
during daytime hours followed by a 26 hour duty period. All rest period requirements can be re-
duced by up to 1 hour because of operational delays that can increase duty duration by up to 2
hours.
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3.3. Stand-By Assignments

Reserve time in this proposal is a period of time when a flight crew member is not on duty but
nonetheless must be able to report upon notice (i.e. greater than one hour), for a duty period. The
guidelines explicily reject relating amount of time of notce to time of day. Rather, it relates amount
of ime of advance notification to the maximum duration of the subsequent duty period. With less
than 4 hours of notice, only a 6 hours duty period is allowed. As notification period goes to ten or
more hours, a full duty period, up to 26 hours depending on circumstances, is allowable. An alter-
native to this standby schedule is maintaining a constant 6 hour protected time (by request) for each
24 hours of reserve time. During this time, the certificate holder may not contact the crew member
to place them on duty. This 6 hour period must be assigned before the crew member begins the
reserve time assignment. The duty period must be completed in 18 hours within the reserve time
and must be in accordance with the general guidelines.

3.4. Cumulative Limits

The cumulative limits for flight hours are set at 32 hours for any 7 day period, and 100 hours for
any calendar month. The yearly period is set by multiplying the monthly requirement by 12 (i.e.
1200 hours).

4. Evaluation of proposed regulations

It is important to reiterate and emphasize the Study Group’s position that the proposed regulatons
as defined in the current NPRM on the whole represent an important advance over existing flight-
duty regulations. The principal improvement lies in the new dependence of the regulations on total
duty time, rather than just flight ume, in setting limits on maximum work durauon. As reviewed
above, this is a much more physiologically sound approach, reflecting the importance that all work
time has in the generation of fatigue.

The Study Group did, however, find several specific aspects of the proposed regulations that
should be improved upon and/or appear to deviate from the FAA's stated intention “...to incorpo-
rale (whenever possible) scientific information on fatigue and human sleep physiology into regula-
tions on flight crew scheduling.” (1). Adjustments to the final regulations should address each of
the issues identified below. = =

In comparing the proposed regulauons to the stated goals oudined in the introduction to the NPRM
and to available data in the scientific literature, the Study Group identified two important general
1ssues.

4.1. Excessive duty duration

While regulation of the maximum duration of total duty ime (rather than just flight me) represents
an imponant improvement from the perspective of the limits of human physiology, the actual dura-
uon of the proposed work peniods substanually exceeds what can reasonably be justified by scien-
tific data on human performance and faugue. In light of substantial evidence indicating that work
durauons in excess of 12 hours are associated with a significant increase in the probability of hu-
man error independent of circadian phase and prior sleep wake history (13, 23), there can be hule
scientific justification for baseline work durations of 14 hours, let alone the greater durations per-
mitted under operational delay conditions. The specific duty and time limitauons are the same as
those specified in the NASA recommendations (22), although there are potentially important differ-
ences between the NASA recommendations and the NPRM in the definition of flight time. While
the NASA document recognizes the importance of limiting maximum shift duration (Section 1.4; p
4), it provides no evidence in support of the statement that 14 hours within a 24-our period is suf-
ficient limitation (Section 2.2.3), nor was the Study Group able to identify research to suggest that
these shift durations might be acceptable in the unique aviation setting. In this regard, it is impor-
tant Lo note that these duty periods are significanily longer than those being applied in a range other
work settings where regulatory anention has been focused on the problem of fatigue-related per-
formance decrements, including most other transportauon sectors.
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Absent research data to the contrary, the only relevant findings suggest that performance deterio-
rates significanty for shift durations greater than 12 hours, and the recommended limits for duty
time in the NPRM are not consistent with the implicanons of those findings. As outlined above, 1
is not clear whether the variability of task inherent in the flight-duty assigninent, i.e. shorter dura-
tions of flight time within the context of the longer duty schedule, might mitgate the detenoraton
in performance associated with shifts of equivalent duration in other work settings, however scien-
tific endorsement of the safety of these shift durations must await empirical confirmation of such an
effect

Similarly, the extraordinary duty durations under circumstances where crew number is augmented
and/or arrangements for sleep during flight are provided are inadequately justified by available sci-
entific data It is certainly not clear, based on a review of the studies published by NASA or any
other group to date, that augmenting the crew results in a material increase in tolerance for sleep
deprivation that would justify an increase in shift duration of the specified magnitude. Other con-
cemns of the Study Group pertain 1o the specific arrangements for sleep for augmented crews in
extended duty durations. The Study Group is very concerned about the adequacy of sleeping ar-
rangements that will be provided in these situations so that crew members can obtain some sleep
while relieved by the extra crew. To our review, provision of such facilities addresses only one of
several important concerns about the impact of exiended duty arrangements. It remains to be de-
termined whether adequate sleep can and will be obtained under operational conditions. While
available data on cockpit napping have demonstrated that brief naps have a clearly beneficial effect
over the shor term on crew alertness (24), published studies have not yet shown that this im-
provement is sufficient in magnitude and duration w allow a significantly sleep-deprived crew
member to return to duty. The second half of this concem is that several studies in other contexts
have demonstrated that simply providing the opportunity for sleep in the extended-duty setting
does not guarantee that such sleep will actually be obtained. Without express stipulation about the
amount and scheduling of rest/sleep 1o be obtained by crew members, it is our concern that the re-
vised regulations sanction extraordinarily long extended duty arrangements without providing any
reasonable likelihood that adequate sleep will be obtained.

Finally, the provisions for rest do not appear adequate to compensate for the clearly heroic de-
mands of duty durations of up 1o 26 hours. Rest allowances are adjusted for the rest periods fol-
lowing extended duty, not for the rest period preceding it. Thus for crewmembers moving among
assignments of varying duration, it is possible to be called upon to work very long shift durations
of 24 - 26 hours after limited (as few as 9 hours; *“reduced rest”), with no stpulation that this ume
be provided at a circadian phase conducive to sleep.

In summary of this first concemn, the Study Group does not feel there is adequate scientific justifi-
cation for duty durations greater than 12 hours. Nor is the Study Group confident that compensa-
tory arrangements of extra crew, sleeping quarters in flight, and extended rest provide adequate
protection from the extreme fatigue associated with very long work schedules permitied under the
proposed regulations.

4.2. No adjustment for “back side of the clock™

Our second major concemn is that the proposed regulauons make no effort to adjust prescribed lim-
its on work duration or rest duration based on the ume of day at which those activites are sched-
uled. This is the most disappointing omission, and particularly difficult 1o understand in light of the
express predication of the revised regulatuons on the NASA-Ames database, a body of research that
has done much 10 charactenize the dependence of sleep and performance in the aviation setting on
human circadian phase. Based both on the NASA studies and the larger body of scientific evidence
developed in this area, there can be no doubt about the importance and relevance of circadian
physiology to the modulation of human performance and the tendency to human error, and to the
ability to obuain sleep and thereby reverse performance decrements ansing as a consequence of
sleep depnvauon.
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It is clear that application of circadian physiology to this regulatory effort raises several practical
issues. First, regulations that account for time-of-day in provisions for work duration and rest are
necessarily more complicated than the proposed set, particularly when transmeridian travel is taken
into account. Second, it may prove difficult to develop consensus definitions for the circadian peri-
ods of maximal sleepiness and maximal alertness, as well as the precise extent of the adjustments
of work and rest duration, respectively, that would be required during those windows. While the
Study Group does not feel it is qualified to address detailed issues of practicality, our response o
this concern would be that flight duty regulations that adequately account for circadian modulation
in the capacity for sleep and in human performance have been used in the United Kingdom for 6
years (since May, 1990), and by account appear to be working well. The Study Group is aware of
no qualitative reason why adjustments such as those incorporated in the UK regulations could not

be used in the US as well.

4.3. Interactions

While the Study Group feels that each of the identified issues warrants specific modifications of the
proposed regulations, the interactions between the two relevant physiologic axes, as reviewed
above, greatly compound the concern. With inadequate restrictions on work duration and no com-
pensation for circadian phase, the regulations permit “‘worst case scenarios” that are well outside
scientifically supported limits. For example, without adjustments of rest period duration for cir-
cadian phase incompatible with sleep. it is possible to have a routine 14 hour night shift, followed
by a rest period of ten hours from 12 noon to 10 PM, i.e. precisely coincident with the circadian
phase at which sleep is least possible (“the forbidden zone™), followed by a 26 hour shift
(assuming operational delay). As stated, provision of in-flight uime for sleep can not be assumed 0
adequately protect against the performance decrements that marathon duty of this kind will inevita-
bly produce.

Similarly, much of the concem about shift duration stems from the absence of any adjustment of
duration for the time of day. While future studies could demonstrate that a succession of 14 hour
flight-duty day shifts allow maintenance of acceplable performance limits, it is very unlikely that a
succession of 14 hour night shifts will be similarly validated. Unless maximum shift durations are
kept well within humanperformance limits, i.e. less than 12-hours’, some adjustment for the com-
pounding effects of ime-of-day needs to be included.

The Study Group recognizes that worst case scenarios are not likely to be representative of typical
flight crew shift durauons. However, it is opinion of the Study Group that no reliable protecton
against such polentially dangerous extremes of scheduling can be had without express adjustments
of duty time and rest time for the dictates of the circadian clock, and significant reductions in the
maximum length of the duty period.

4.4, Reserve Time :

The Study Group has separate but relaied concerns about the proposed regulations regarding Re-
serve Time. As reviewed above, two distinct approaches for the protection of rest time within the
reserve window are permitted. In the first, termed “variable notice™, the maximum length of a duty
assignment decreases with the length of the advance notice provided. In the aliemate armrangement,
termed “protecied window™, crew members on reserve are assigned a pre-identified six hour win-
dow duning which they cannot be called. In this specification, the proposed regulation is notably
different from the recommendation of the NASA group which called for an eight hour protected
period. The window is the same during each successive day on reserve.

The Study Group is concerned that the variable notice arrangement is based on the unproved sup-
position that sleep deprivation resulung from a short-notice call can be adequately compensated for

* Twelve bours is felt 10 be the maximum safe shift duration in many shiftwork setings, ¢.g. nursing. However,
there are data demonstraling an increase in performance errors between 8 and 12 bours of shift duration, suggesting (o
some that the appropate maximum shift duration in safety-sensitive shiftwork seuings should be 8 bours (1.
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by reducing the duration of work required. At its extreme, this arrangement would allow a pilot 10
work for up to 6 hours with effectively no notce, i.e. advance notce equivalent 10 the ume re-
quired to report to the place of assignment. Presuming worst case timing in which the crew mem-
ber was called immediately prior to the habitual daily sleep period. continuous wakefulness of
more than 22 hours (presuming an eight-hour habitual sleep period) by the end of the 6 hour shift.
There is no reason 10 believe that the reduced shift duration adequately compensates for the per-
formance impairment associated with acute sleep deprivation of this kind.

The Study Group prefers the protecied window amangement, as specifically defined in the NPRM,
because the greatest possible extent of sleep deprivation is limited to 18 hours (presuming that the
crew member using protected time for sleep). For protected windows during the day, and partcu-
lary those during the circadian window of maximal alertness, six hours would not appear to be
sufficient to allow adequate rest on repetitive basis.

One major improvement and important safeguard in the current NPRM reserve amangements is the
requirement that a normal rest period precede each reserve assignment. Specific concemns about
cither reserve arrangement are mitigated by this protection, which should serve as an adequate
safeguard against extremes of sleep deprivaton, even if subsequent duty assignments occurring
during either reserve arrangement are adversely timed.

5. Recommendations

The Study Group concludes that the proposed flight-duty regulations represent an important ad-
vance in the effort 10 define physiologically sound limits that minimize fatigue and optimize flight
crew performance and aviation safety. Criticisms of the specific regulations reviewed above are not
meant to be construed as a preference for the status quo. Instead. the Study Group urges expedient
implementation of the proposed regulations, with the following modifications:

5.1. Recommended revisions to the proposed regulations:

5.1.1. Maximum duty durations should all be adjusted downward to levels in accordance
with available data on the relationship between shift duration and degradation of per-
formance. Circadian variation in susceptibility to this degradation should be accom-

- =" modated with reduced maximums for shifts that include the time of peak circadian
sleepiness (4 - 6 AM).

5.1.2. Minimum rest periods should be adjusted upward for sleep periods that include the
time of peak circadian alertness (4 - 6 PM).

5.1.3. The provision allowing extension of duty maximums up to 24 hours (26 with opera-
tional delay) in augmented crews and in assignments that include facilities for in-flight
sleep should not be implemented until scientific evidence is available demonstrating
that in flight arrangements preserve alertness at acceplable levels, i.e. at levels equiva-
lent 10 that on the routine shift durations.

5.1.4. Reserve time arrangements should be adjusied so that protected windows during the
time of peak circadian alertness are extended to compensale for decreased efficiency of

sleep during that ume.
5.2. Recommendations for future revisions:
Several of these issues illustrate the need for additional data, and even with adjustments recom-
mended here, specific limits on duty duration and minimum rest duration will represent quantitative
implementations of solutions for which there is currently only qualitative scientific support. There-
fore, the Study Group also recommends this set of recommendations be viewed as the first step in
a continuous process. Specifically,

5.2.1. NASA. in its capacity as independent scientific resource, should be commissioned o
gather additional data on thus issue with the following pnionues;
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5.2.1.1. Identification and characterization of a suitable surrogate oulcome measure
that can substitute for actual accidents and self-reporied incidents as a
measure of fatigue in flight crews. This proxy measure will then be as-
sessed 10 continuously monitor the extent of fatigue and the impact of this
and future regulatory adjustroents.

5.2.1.2. Determination of the impact of duty period duration on performance, inde-
pendent of sleep deprivation and circadian phase effects. The impact of
varying percentages of flight time within a duty period should also be as-
sessed.

5.2 1.3. Determination of the impact of varying workload on performance, with
particular attention 0 the role of landings and sustained flight

5.2.1.4. Assessment of the protective effect of angmented flight crews and provi-
sion of facilities for in-flight sleep on crew alertness with the intent of de-
termining the extent to which duty and flight durations can be safely ex-
tended.

5.2.2. An independent scientific panel should review the data collected by NASA on aregular
basis with the intent of providing a comprehensive and detailed set of recommended
revisions to the regulations within three years from the time at which these recommen-
dations are ultimately implemented.
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Remarks by Dr. William Dement to the ARAC Working Group Pilot
Representatives on December 1, 1998 at ALPA HQ, Washington, D.C.

I'm very pleased to present Dr. William Dement of Stanford University who's here to
answer some of our questions regarding sleep science. Dr. Dement is considered the
father of modern sleep medicine. He earned his M.D. and Ph.D. from the University of
Chicago where he first began to study sleep. In 1963 he became the director of Stanford
University’s Sleep Research and Clinical Programs and continues in that post today. He
was Chairman of the National Commission on Sleep Disorders Research from 1990 —
1992; a Commission chartered by Congress. He is the author of a definitive textbook on
the diagnosis and treatment of sleep disorders and has written or co-authored more than
500 scientific publications. Dr. Dement, welcome and thank you for your time and being
here today.

Thank you. For many years, the people who were interested in circadian
rhythms and the people who were interested in sleep were fairly separate. Now
there’s actually a scientific meeting going on in Bethesda hosted by the National
Institute of Health and the National Science Foundation in which circadian rhythm
issues and sleep issues are considered to be complementary parts of one
scientific discipline. This has been happening over the past 10-15 years.

One of the things that I'm trying to deal with is the fact that the study of sleep,
the scientific study, and the applications / operational situations coincided later
than some of the other disciplines. To get really into the mainstream of the
scientific knowledge and the applications, ...this has been what I've been most
interested in trying to help accomplish during the past 20 years,... andthe first
effort was to try to create a federal agency that would really be responsible for
sleep and circadian issues, research, applications and education. Our efforts to
do this led to the response of Congress to create a Commission, not to create an
agency but to create a commission.

It turned out to be really a good thing because many of us had been in the ivory
tower and this Commission really put us out in the field, hearing stories from
people who have been involved in accidents, hearing what life is like in the
trenches so to speak. That certainly made an enormous difference to me in
appreciating, in a much more human way, the difficulties and the problems. We
presented recommendations to Congress and it kind of coincided with the budget
crisis, and dare | say, the Republican revolution so that only one key
recommendation was passed. But there is now a federal agency — The National
Center on Sieep Disorders Research — which, small, although it may be, is
certainly a great start, and has on its plate some of the concerns that affect you.
It also has the legislative mandate to interact with the Department of
transportation and other agencies that are involved in these issues. | just wish it
was much. much larger, and we're still working in that direction.



| wanted to say three or four things about sleep. First of all, I'll preface this by
saying last year when we changed to daylight savings time, there was a National
Sleep Awareness Week sponsored by the National Sleep Foundation, which by
the way, is a major resource in the education and is based in Washington, DC. It
created a sleep IQ test for the American public. The American public did more
poorly than chance on this test. Not only then is there a pervasive lack of
awareness by the general public, but there's also the presence of certain
mythologies which then lead you to pick wrong answers more frequently than by
chance alone. A lot of those mythologies are still in the transportation industry. |
think there is no question about that.

The first thing that most people should be aware of is very simple: what is sleep?
The fundamental difference between wake and sleep (and there’s some very
elegant research being presented about what actually goes on in the brain at that
momentary transition) is that first, the transition is very rapid and can take place
in less than a second. One moment you are awake and conscious of the outer
world and then next moment you are asleep and unconscious of the outer world.
When you're very fatigued, you can go to sleep instantly, and at that moment you
don’t see anything or hear anything. That's what makes falling asleep so very
dangerous because you will not respond to a signal. The only thing that a
stewardess could do is to wake you up. Often in a fatigued person, the
awakening stimulus must be very, very intense.

So, anyone who thinks that moving towards sleep is in the least little bit safe is
completely wrong if you want a human being to function at any level at all. The
transition is very, very rapid.
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Then there’s the period of fatigue that | like to call “fatal fatigue” which is
approaching the moment of sleep and depending on the degree of fatigue, can
be fairly rapid. But that's a period of great impairment where you miss signals,
you misjudge, your memory is impaired, your reaction time is elevated, etc. You
are now very close to the threshold of unconsciousness....the moment of sleep.

There’s a very dramatic study that I'd like to tell you about because it should stick
in your memory. You have someone lying on a table with the eyelids taped open
and a 50,000 power strobe light 6” from the nose. When that thing flashes, the
table almost wiggles. He is supposed to press a little switch when it flashes, and
you’ll be making it flash and suddenly the person will not press the switch,
apparently wide-awake. You ask him, “Why didn’t you press the switch?” “Well,
the light didn’t flash.” And if you look at the brain wave recording you'll see that
there’s a micro sleep right at the moment the light flashed. So that's how
powerful that is. There’s been a recent study in heavy trucks with brain wave
recording in the cab as the drivers are driving, and yes indeed there are lots of
micro sleeps there. They really do occur.



The second thing is that all sleep researchers now accept the concept of “sleep
debt.” Eachindividual needs a certain amount of sleep each day on the average
to avoid accumulating a sleep debt. That sleep debt can accumulate over a long
period of time. It can accumulate in relatively small amounts so it's kind of
insidious, or of course it can accumulate very rapidly. You find frequently that
many people have been partially sleep deprived for long periods of time. They
aren’t aware of this as fully as they ought to be you would think.

There’s lots of evidence showing that you can get rid of that debt and how much
extra sleep you have to have to get rid of it. The best type of research that
demonstrates that is to show the increase in the tendency to fall asleep -- the
power of the tendency to fall asleep — as you add hours to the sleep debt.
Eventually, the person will finally fall asleep, no matter what. They can be
walking and fall asleep. But if you put someone in an ad-lib situation, just take
any one of you, and say, “Now you’re in a situation where you have to sleep.”
You're going to be in a bedroom with no lights. All you can do is sleep. Then
you will see all this extra sleep will take place. That's the debt....the amount of
sleep that you should have received on a daily basis. That's usually astoundingly
large.

In studies of this sort, you can show that a person thinks they’re perfectly normal
in terms of the way they feel. However, if they reduce the sleep debt, their
performance will improve. The question is how much debt is anyone carrying at
any particular time. The main thing is don’t do anything that might increase it.
That’s my fundamental principle.

Finally, the circadian rhytRf =T tfrik that everyone has known that there is a
biological clock. Since 1971, the location has been known in the brain, there
have been a lot of electrodes and genetic studies, etc. Exactly how the clock
functions to create a circadian rhythm of sleep and wakefulness has been
understood relatively recently. This has been learned through the study of
experimental animals. The best results are obtained with primates. So if you
eliminate the primate biological clock, what's the result? They fall asleep all the
time. They'll fall asleep, stay asleep, wake up, fall asleep, wake up, etc. The
circadian rhythm of sleep is completely eliminated and you lose periods of
sustained wakefulness. So that the concept today is that the clock participates in
the daily regulation of sleep and wakefulness by alerting the brain at certain
times. And you know those as, in other words, the forbidden zone for sleep,...
the second wind that a lot of people get at the end of the day. But the clock does
not put you to sleep. When the clock turns off in effect, when this alerting
influence ends, a person is left with this gigantic sleep debt. That's what I've
heard you refer to as “WOCL.” That's the period where you find the least alerting
of the activity clock, the most unopposed manifestation to the effects of
accumulated sleep debt. and the greatest likelihood of falling asleep.



So those are the three main things. These are established facts. | don’t think the
scientific evidence is conclusive and those are the things we take into
consideration when we try to apply the knowledge to the practical or operational
situation. Any questions on that?

People say, “Can you accumulate a debt for a year?” We don't know because
those studies haven't been done. But there’s no evidence whatsoever that says
“No, it levels off,” or “No, it changes.” All the evidence says that you keep
accumulating a debt as long as you keep losing sleep below your specific daily
requirement. There’s no evidence that you can change this. | suppose you
could ski or play basketball as opposed to just sit in a hot room and that would-
make a little difference but that doesn’t change your sleep requirement.

Anybody got any questions?
I've got a question. Napping: does that in any way alleviate the sleep debt?

Let’'s say you have a 40-hour sleep debt and you have a ten-minute nap. So now
your sleep debt might be 39 hours and 50 minutes. It wouldn't make any
difference there. A lot of the napping is done after lunch. Most people, and
especially younger people — and | don’t know what the average age is in this
group — but younger people have strong clock-dependent alerting late in the day.
So you have sort of an illusion. You happen to take a nap just before the clock
turns on. Is the alerting partly a result of the nap or not? Mostly not, but | wouid
say until proven otherwise that a nap, if it is good sleep (which it usually isn't) is
minute per minute doing what sieep would do, but it's usually nowhere near the
total amdunt that you require.

Dr. Dement, I have a list of questions that pertain to our task of helping to define flight
time and duty time regulations and if I could just take the liberty of asking these
particular questions and open up the floor for any other remaining quesions that other
people may have. One of the most basic tasks is for us to agree on a recommendation for a
sleep opportunity,.... to afford every reserve pilot the opportunity of a rrotected time
period so that he or she is absolutely insulated from contact from the oyzrator. How
many hours do you recommend for a minimum fixed sleep opportunitu?

| will start out by assuming that we would take 8 hours of sleep as the most
common requirement. Then you need to add to that in order to be able to get the
proper amount of sleep. In your situation, | would think it would be a little larger
than it might be for someone who really wasn’t doing anything. So I'd add a
couple of hours to get the proper amount of sleep.

Are there any findings as far as the amount of sleep loss or the ability :> sleep during less
than desirable times of the day and what a person could expect?
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Well, there’s an ideal time to sleep and then everything else is less than ideal.
Sometimes it's devastatingly less than ideal.

Well, how much so? If you had an opportunity to sleep during the day and you were
given an 8-hour sleep opportunity, could you expect to get 8 hours of sleep during that
opportunity?

No, I'd say absolutely not. If that happened, it would be an incredible exception.
There'’s a ton of evidence on that also.

How about if you were getting a 10 hour sleep opportunity?

No, | don't think so. There have been a lot of studies on sleep reversal. You
simply reverse the sleep period and this is now a model of insomnia. If you have
to sleep in the daytime, you have insomnia in effect. The ideal time to sleep if
you have a stable circadian rhythm is to stay near the circadian rhythm.

The 8 hours of ideal sleep, is it possible from your studies you can nail down any specific
8-hour period or is it variable for individuals?

Well, it may vary a little bit. Within a very narrow range | wouldn’t say....I would
say for most people, it's from 11 - 12 PM to 7 — 8 AM. For the vast majority,
that’s the ideal sleep period. People will ask why they are the exception, but
you’re not dealing with exceptions here.

When you're forced to have to sleep if you're flying at night and you're sleeping in the
day, I guess what you're really saying is that the chances are you're going to become
somewhat sleep deprived over time.

That'’s right.

And so the only way you correct that, no matter how much time you are getting to sleep.
you're still going to be somewhat sleep deprived. So the only way you're going to break
that cycle is periodically if you have a certain amount of time off and you sleep during
what might be considered your normal sleep period to restore that.

Well, at the present time that really is the only effective way. | think that we take
the position that there’s never an adjustment to that type of schedule. You
referred to night duty...and you would think that if a person did it all the time they
ought to adjust, ..but all the studies always show impairment in sleep loss.

Dr. Dement, ...we're really at the point now where we're going beyond the philosophy
and we're trying to put our finger on numeric values. Our position at least from the
pilots’ standpoint, 15 that we see the need for a 10-hour sleep oprortunity knowing that
the opportunity may not always be at the best time of the day. We're facing an industru
position that is looking for 8 hours as the minimum. Our position is predicated on the
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fact that 8 hours may be adequate if it overlaps the WOCL. But since we don’t know for
sure when we're going to have that opportunity, we believe that, or we think that having
that extra 2 hours is going to give us a little more of a Fuffer, especially when it comes
during the daytime. Would you consider that to be a conservative and a justified
position?

Absolutely. | don’t think you could possibly assume someone is going to fall
asleep instantly and then sleep continuously for 8 hours, not even under the most
ideal circumstances. Maybe it should be longer.

By the same token, say that same individual who was supposed to sleep had the perfect
time during the day and was supposed to sleep during the day, hadn’t slept the previous
night and he had normal sleeping hours because he was not disturbed for any duty
assignment. What effect does that have on his subsequent rest period?

In the ideal situation if someone sleeps the normal amount at night, they can’t
sleep at all during the day. We are pretty much a sleep-deprived nation so that
we do have this mid day dip in alertness. Most people say they get drowsy after
lunch. That's sleep deprivation. If you were not dealing with someone who is
extremely sleep deprived, then | would say sleeping a normai amount at night
becomes very difficult, or it should become very difficult to sleep in the daytime.
That is a fact if the carryover sleep debt isn’t large. it's definitely more sensitive to
stimuli, etc. and you're fighting the biological clock for much of the day.

Have you ever conducted these tests when they’re wearing a uniform?

[Laughter] Well, we did some testing but | think they took them off when they
went to bed.

I fly at night all the time and only get rest during the day. I heard that if you sleep
during the optimum time of day, vou really need to have about a 10-hour period in which
to get vour 7 Y2 or 8 hours of sleep. If you do not ever have the opportunity to sleep for 7
— 10 days in a row, you are never able to sleep during the optimum time. I heard you say
that you always need more than 10 hours to get even reasonable sleep even though you
probably never will achieve adequate sleep. Can you put any kind of a number on the
gross amount of time vou could have available for slecy opportunity to try to restore
sleep?

The problem is that there becomes inefficiency. You don't want to spend 16
hours in bed to get 8 hours of sleep. There just isn’t a good solution to be
perfectly honest. The main thing you need to know then is first, at what period of
the day in your clock (God knows where your clock is) there is some period when
it's the most difficult to sleep. Hopefully you know that about yourself. Obviously
you avoid that. If you can schedule more than 10 hours, not at that time, then
you yourself will need to determine if you can do it in a minimum of 10 hours, or
does it take 13. That would be a horrible life.. to spend all that time in bed.



I'm typically so sleep deprived that [can’t understand rest of statement.]

Years ago. just to make a dramatic point, we were approached before we knew
about sleep debt, before we could measure sleepiness. It was in the 60s we
were approached by a company that had a billion-dollar bed (ceramic bead bed -
billions of littie beads. They use them now for burn patients. it's supposed to be
the most comfortable surface ever. So we got a group of students. We had a
regular bed, the cold concrete floor condition and the beaded bed. To our utter
amazement, sleep was the same in all three conditions. The students who were
doing this were on spring break, they probably had a 100-hour sleep debt, they
could probably sleep anywhere, and that to me is a symptom of grave concem.
If you could sleep anywhere.. anytime you are very sleep deprived....that's not
good. That's another mythology. People get so macho. Saying that they can
sleep anywhere is like saying they were drunk or they could drive when they're
drunk. People misunderstand that. That's a symptom of severe sieep
deprivation.

1 have a couple questions. First of all, if we consider we are dealing with an individual
who had no accrued sleep debt and that individual awoke in the morning, what does the
science say about the amount of time awake that individual would have before, or is there
any kind of ...

Well, probably if he’s getting up in the daytime, that person could not possibly
sleep in the daytime.

I'm not talking about sleeping. How long could he be awake before he.....

Oh, well, maybe 16 hours would be the usual time he’'s awake. One of the things
that we -- at least | and 1 think most of my colleagues -- agree on is that all
wakefulness is sleep deprivation. In the model of sleep regulation, you need that
accumulated sleep debt of 16 hours to, in a sense, power the sleep of the night.

If you didn't have a sleep debt, how many hours would you have to be awake before you
could be abic to take a nap? Is there any measurement that has been done?

First of all. it's so difficult to get a human being in a state of no sleep debt. I'm
not sure that it has ever happened. The closest we've come are in the study |
briefly alluded to where the people had to spend 14 hours in bed in the dark
every night for 5 weeks. At the end of those last few weeks, we think they were
getting up with 0 sleep debt. It would take them 2 hours to fall asleep and they
had terrible sleep because they tried to do it in 14 hours. If you have a minimum
sleep debt. then | would say | don't think you could fall asleep....it would be the
whole day | would think before you could really confidently fall asieep. One of
the things | m not 100% sure is how much monotony and sensory isolation can



you tolerate before you have a micro sleep? Two or three hours? Under
ordinary circumstances, daytime sleep is difficult.

Is there anything definitive that says which of these two situations would be more
fatiguing: an individual who has to stay up until 3:00 a.m. or an individual who is forced
to wake up at 3:00 a.m.?

That's a good question. | would think both would be fatigued and it's so the
pattern might be a little different, but it would depend on how much sleep they
had prior to that. | would think though that going into action at 3:00 a.m. for most
people you'd be extremely impaired. On the other hand, some people, as you
get after midnight, become extremely impaired aiso. | don’t think they’ve ever
been compared head to head, but those are the kinds that would impair
performance. Period. There's a thought that people somehow get enough
adrenaline. Certainly students in exam week somehow get so stressed and so
anxious that they seem to be able to go a little longer. It's obvious that they're
paying a price when you look at them afterwards. That’s not something to rely
on. To me, it's only when you're trying to rescue people or something that you
would want to do that sort of thing.

Dr. Dement, after our reserve pilots receive their sleep opportunity, they become available
for duty. We call the quailability period the “reserve availability period” and that’s
basically the time they are available for work, for flying. After the sleep opportunity,
what would you consider to be a safe limit of time since awake for a crewmember?

For the 10-hour period? -

Yes.

Fourteen hours. And | wouldn't say that’s 100% safe but if you have a number,
that adds up to the 24-hour day. It ought to be reasonably safe.

Where do you get your number from?

Well, it comes mainly in my head from circadian type 24-hour studies to see the
pattern of the manifestation of the drive to sleep versus the awakening effect of
the biological clock. If you're getting outside the 24-hour cycle, then you're going
to have periods of greater risk. | realize that operationally that’s probably difficult,
but....

That assumes that the individual cakes up as soon as his protected time period is over.
So in other words, you see a complimentary factor: 9 hours of rest should dictate a 15-

hour availability period?

Yeah. I think most people would agree that svould be the ideal.



Going beyond that, what is probably the most greatest points of contention right now —
the debate between the pilots and the industry operators — is the fact that the operators
would like to extend this reserve availability period in excess of what you say is 14 or 15
or 16 hours, whatever the case may be, to a larger increment, extending that reserve
availability period based upon an advance notice of a nap opportunity. In other words, a
pilot comes on call at 8:00 a.m. He is then told at 9:00 a.m. that he is to report for duty 5
hours later. The industry’s position is that the notice constitutes an opportunity for
additional rest which then would be utilized to add more restorative energy, or analogous
to putting more charge into a battery, to carry that pilot into more of an extended duty
period with an additional amount of time. ... up to in certain cases 24 hours of duty.
What is your feeling on that type of scenario?

To me, that’s a recipe for disaster because if you have a responsible, professional
pilot -- who has a reasonable schedule, I guess - who is not horribly sleep
deprived, and who has a fairly stable circadian rhythm, then the likelihood that
he can get adequate sleep by trying to nap I think is relatively small. I would not
depend on it at all. I would think also to have to do it sort of unexpectedly like
this....Oh! Take a nap....Only people who are very sleep deprived....

Can I ask that question a different way?
Sure.

Let’s say I have a 10-hour sleep opportunity: 10 p.m. to 8 a.m. That means I'm available
for 14 hours unless they fly me into the next 10 p.m. slot tonight. Could I not get a call
say at noon and say instead of you being off tonight at 10 p.m., we want you to work
until seven tomorrow morning but you aren't going to go to work until 10:00 that night.
So they call me at noon, they give a 10-hour notice that I'm not going to have to go to
work until 10 hours from noon, so at 2200 I report for work, and they want me to fly
until 0800. So that would be a total of 24 hours from the time I theoretically woke up and
I've had a 10-hour notice that I was going to be flying this fatiguing schedule. Would
that be safe?

Well, I wouldn’t be on your plane. No. I think that’s almost insanity in the sense
of saving that is safe. First of all, naps can’t be depended on — even under ideal
circumstances — to get you through this period when the biological clock alerting
is gone, when you’re alone with your sleep debt so to speak, during the WOCL.
There’s no way that isn’t going to be dangerous. Yes, there may be exceptions,
but it's always going to be dangerous. The likelihood is not good that you would
be able to have some kind of good luck that you did sleep a lot, and that has
gotten you through. First of all, you would not be at vour peak performance.
There is just no way. You cannot achieve peak performance during that period
of time. Maybe for 10 minutes. The notion-that vou can depend on getting
adequate sleep I think is just wrong. You can go into a laboratory and you can



do some studies and you can demonstrate that occasionally someone will
perform pretty well, but that’s not 100% ever. It’s never getting back to peak
performance and it’s under the luxurious circumstances of no interruptions, no
noise, etc. I wouldn’t ever think that napping could make it safe going through
the night.

How about that the flight is going to happen. There is going to be every day in America,
pilots that report to work at 2300 or whatever and fly until 0800 the next morning.
Now, what’s different about the man who knows a week, a month in advance that this is
going to be his schedule and the reserve pilot who finds out at noon after having woken
up at 8 a.m.? What would be the difference?

You know that the time you do all of the things you can to move toward a better
situation....You can never get to perfection, but the more practice, the more
warning, the better you'll be able to handle it. Some people learn that there is a
time when it's quiet and if I do this, I can pretty much depend that I will fall
asleep. It’s not 100% but you kind of learn that or you practice or whatever. But
if it's without warning, all bets are off.

Dr. Dement, you've kind of led the discussion into another area of this rulemaking that
has to do with an alternative method. Assuming that the pilots in this protected time
period method were depleted, the carriers then want to give pilots advance notice to cover
any mission or any assignment. They are looking at 10 hours as the criteria. We don’t
believe that to be adequate based upon....

Are you talking 10-hourvm§? .

Ten-hour warning, yes. To do anything.

That would be 100% wrong.

Why?

Well, because the 10 hours could fall sort of toward the beginning of what we call
“clock dependent learning.” There’s no way you could sleep. And then vou go

into your duty period at the worse possible time vou could have that situation.

What sort of time would you think would be adequate to give a guy enough time to get an
opportunity to rest so that he would be safer than 10 hours?

Twenty-four hours. At least a day before. Wouldn't you think? Idon’t see how

vou can get notified as the dav is beginning and feel you could depend on being
able to take a nap. If it happened every day or somehow vou know that vou
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could certainly get the probability up, but it’s not something that you could ever
really control. Again, there ought to be a better way.

That’s the problem: a better way. Understandably, that’s not desirable but the question
is: how do you best prepare for that?

You're saying if the notice is given with the 10-hour window?
Management would like a 10-hour notice.

It would seem to me that a better approach would be to have a 24-hour window
or some longer period. Say you get notified the day before. 1suppose there are
emergencies and so on, and you would be called for those exceptions... and a
pilot would have so many exceptions over such and such portions of time
depending on the emergencies and whatever constraints....

Some types of operations operate without a schedule.

That’s the worst.

I have 2 questions, doctor. First, a person that has adequate sleep wakes up non- sleep
deprived at 8:00 a.m. Fourteen hours later it’s 2200 and he's driving home from dinner
with his wife. Is he impaired?

I have to say it depends on his age probably. The impairment is starting
probab!y. You don’t go straight down; you go down with an accelerating level of
impairment. Most of the studies in the laboratory say depending upon where
your mid day dip is, your performance will start decreasing in the late evening.

We're not familiar with the mid-day dip. The late evening is ....?7

I'm thinking 10:00.

If a person was to fly so as to stop flying at 8:00 a.m. and he was to fly throughout the
0200 — 0600 time frame, what time should he be waking up in order to be best prepared
for that flight that lands at 8:00 a.m.? ~

I know you said he’s flying. He’s waking up?

No. When should he wake up to be best prepared for a flight that would include landing
at 8:00 a.m.? If he starts at midnight. Hotw do vou get prepared for that even if (I'm not

talking about reserve or anything)...What should a pilot do, how should he plan his day
to wake up at the right time to be most alert at §:00 a.m.?
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First of all, why does he have to wake up at 8:00?
No, no. He's flying at 8:00. He's flying from midnight to 8:00.

Oh, okay. But basically what should he do the day before if it's a midnight
flight? I assume sleep as late as possible.

On his normal sleep cycle like you first said?
Yeah.

And then what?

And he’s free all day?

Yeah. He doesn’t have to do anything....

If he knows that he has this post prandial period of diminished alertness , I
would try to take a nap at that point in time.

Late afternoon?
Yeah.
I don’t know what postprandial....

It means after lunch. Parenthetically, I've been working with students and I've
been finding (because I've been working with very small groups) that if they
start by learning how much sleep they need as an individual, when is their time
of peak learning, when is their circadian nadir, they are able to make some
choices in preparation for exams, etc. that are a great improvement over their
previous situation where they didn’t know these things. What you're trying to
do is to get.your sleep debt as low as possible and utilize what you know about
vourself to accomplish that. Part of it would be, as a responsible pilot, you
would do that as kind of a lifestvle. Maybe the lifestyle is changing a little bit but
vou're always trying to keep your sleep debt low so you never have to do
something like when you are already really dangerous because your sleep debt
may be 40 or 50 hours imperceptibly accumulated. Then again I'd tell you the
best preparation is to get as much sleep the night before. The pilots in this NASA
layover study seem to be pretty good at taking naps. Not perfect, but pretty
good. We decided the reason for that is they were sleep deprived. They could
take a nap. So there’s that sort of tradeoff. Then the issue is whether or not the
sleep closer to the duty period is necessarily better. I don’t think it matters.
When vou start that period, what is your sleep debt when vou’re going to go into
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that WOCL, if you will. Whether it’s low because you napped or low because
you got lots of sleep the night before doesn’t matter. Both would be the best.

Should you stay up until 3:00 a.m. so you can sleep Lzter in the afternoon?
Not necessarily, no.
Should you stick with normal sleeping and then try to get a nap before you go to work?

Yeah, I would say as much sleep as possible. But here again you need to know
yourself a little bit. But that’s not what rulemaking is all about. Rulemaking is
what fits everybody. Because of the uncertainty of being able to take a nap, 1
mean it’s uncertain for me and I think it’s uncertain for pilots. Although again,
since pilots are generally more sleep deprived, they are more able to nap. If you
felt able to take a nap with absolute certainty, then you should take a nap. But
also get your needed amount of sleep the night before.

We're shooting around the subject. I hate to break anv of this up, but this question has
been plaguing this committee. The industry keeps harping on the fact that there should
be no difference between the schedule holder who knows he's got to fly from midnight to
8:00 a.m. If he can do it safely, why can’t a reserve that wakes up at the same time in the
morning (8:00 a.m. or 6:00 a.m.). Why is it not safe ~r this reserve pilot who does it
with notice?

I don’t think it’s safe for either pilot. Maybe a little less dangerous in the sense of
performance, etc. ButI think at least he has preparatign, %varning, etc. and
knows his own strengths and weaknesses whereas the other pilot I think is
always without warning and has really no chance to prepare. I don't think the
two groups are the same.

Are you implying that the preparation should actually start the previous night?

Yes. If | were going to drive all night, I wouldn’t want someone to tell me that
day.

They're really killing us for making that same argum:nt. I mean we make that argument
across the table and we get smiles and nods of the head and shrugs of the shoulders from
the other side. They say it's not a valid argument. T-at's always what they come up
with.

They say it's not a valid argument? It is a supremely valid argument. I mean
that’s just like saving down is up.
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Along the same lines, how much is the psychological aspect of this preparation that we're
talking about in the same situation that we're currently discussing play. In other words,
the line holder as we know it, gets notice of his schedule a week, a month in advance and
can somewhat physically prepare himself. He knows that three nights from now, I've got
to fly this God-awful all nighter trip so what you said, he sleeps as late as he can (10:00,
11:00 if he can). The reserve on the other hand is mentally unable to prepire himself. I
know that I've got to go through this with

But he knows that day.

No. He might know a week or a month in advance so he’s had ... that’s what I'm getting
at.

The reserve pilot or the regular pilot?

I'm talking about the reserve now. On the other hand, he gets a call at 8:00 a.m. or 9:00
a.m. and they say, “Guess what, John? You've lost the lottery. You get to go fly
tonight.” It's always, “Oh my God!” Now I'm the unlucky one. He can only minimally
physically prepare but how much psychologically does it affect him that he’s now
surprised of the fact that he’s got to go do this flight? Does this have much to do with his
ability to clear himself and be ready to go and fly this thing?

No, I don’t think it’d be negligible. I’'m not quite sure. He could either be
depressed, I suppose or angry. But I think that we don’t feel that revving
yourself up or being determine or anything else can really oppose a period of
circadian nadir and....

So, it would be a minimal factor....

Yeah, I would think so. Usually these are very short lasting things. For example,
I've been interested in when Stanford University gets a lot of Nobel Prizes and
the call tends to come in the middle of the night because it’s from Sweden. And
it’s interesting to me who falls asleep immediately afterwards and who doesn't.
Again, they tend to fall asleep with this incredible, exciting news because it’s at
that WOCL time. We have to tell them they shouldn’t call during the WOCL.

One thing we were talking about....Let’s say we are in a circumstance wkere we're in
this situation where we're going to have to deal with this. You got notice vou’re going to
have to fly the back side of the clock, this time that we don't want. Is it fa:r to say that
based on the studies that limiting the length of that time, the shorter the length of time
that you operate the safer you are, and the longer you're exposed to being >n duty the
worse off it 1s?

Oh sure. Absolutely.
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It seems like common sense. Fairly obvious. One other quick question. It seems to be the
way you were going 1s that how muich notice you're given is not as important as when
the notice falls. In other words, when the opportunity to rest based on this notice of
assignment, is that a fair assumption?

Well, the two aren’t exactly the same. I don’t mean to imply that when....I mean,
the longer you have, the better. I guess don’t understand your question.

Well, that’s kind of what I'm getting at. I guess it is....
I mean, generally you don’t get the notice in the middle of the night, do you?

Well, it would kind of depend....we're dealing with round-the-clock operations so we may
have situations where an individual’s protected time period this time he’s supposed to be
sleeping actually starts at 7:00 a.m. and goes to 3:00 in the afternoon. So he might get
notice in the middle of the night for an assignment that comes subsequent to that later on.
So we're dealing with round-the-clock operations and no guarantees......

I would think notice in the middle of the night is useless. First of all, you disturb
the sleep and secondly it doesn’t really help you with the next day any more than
notice at 8:00.

Taking for a moment that you're not asleep, I mean that it's not your normal sleep time.
I guess what you're saying is that 14 hours notice or 12 would be better than 10 most
likely....

Yeah. All other things being equal.
Did you ever fly the midnight flights’
No, not anymore.

Especially after today, right?

Doctor, 1'd like to think we’d be able to negotiate something like you said: a 10-hour rest
period and a 14-hour maximum reserce availability period, but unfortunately, that’s a
very high expectation. What we will ke facing is longer periods of reserve availability.
Based on the fact that we will be facing potentially onerous, long periods of time since
awake, long reserve availability periods. do you think that being afforded a greater
amount of sleep opportunity will give :us more of a protection against that longer duty?
Is there a relationship as far as the ameunt of restorative sleep as preparation for longer
period of duty? '
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Yes. The less sleep you have the harder it is. Period.

50, in other words, if we were forced to accept by the rulemaking office these longer
periods of duty in excess of 16 hours or 14 hours, then it would behoove the agency to
look at providing pilots with as much rest as possible to prepare themselves for that type
of duty?

Absolutely. When you’ve been in this business as long as I have, to think that
anyone could even think of the opposite is ...

I'm assuming that it’s mythology that if a person can't sleep, that the person tries to sleep
and just lies there and does nothing and stares at the ceiling and count sheep or
whatever, does that have any type of restorative abilities?

There’s no evidence that anything but sleep has any restorative value. Years and
years ago people thought physical rest was important. But in a kind of normal
range of human activities, only sleep is. Obviously you can get muscle strain and
run 50 miles you're going to be in the hospital, but rest is useless in terms of
substituting for sleep.

Dr. Dement, there’s one area that we really haven't touched upon at this point and |
don’t want to miss. These are questions regarding the maintenance of circadian stability.
In your opinion, why is maintaining circadian stability so important?

Well because usually... and by that you mean ygur sleep opportunities and your
wake opportunities are in a period of stability, then you have the best sleep and
the best wake. If you get out of that cycle, then both sleep and wake will be
impaired.

Well, when I think about that in the context of what we're trying to insure in our
recommendations,.. we're trying to insure that the protected time period, the rest period,
stayed the same from day to day, assuming the reserve crewmember is not called. Or for
that matter when he is called, he goes back into his cycle. We're attempting to try to snap
him back to as close to that original cycle and maintain that same rhythm from day to
day. NASA has findings on that. Their recommendation was to maintain that circadian
stability plus or minus 3 hours. Do you agree or disagree?

I absolutely agree that’s better than no stability. Obviously the smaller that
number, the better. I think practically it couldn’t be zero, but I think we tend to
feel there’s kind of a daily flexibility within that range, like O to 3 hours, 0 to 2
hours. To go outside of that is, again, inviting a condition of sleep deprivation.
So deliberately creating a bad situation.

What happens to the body as you change a person’s cycle?
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All sorts of things happen, but the major thing of course is that you are now
trying to sleep when the body wants to be awake and you're trying to be awake
when the body wants to be asleep because you left the circadian stability that
you talked about.

[Question cannot be heard]

No, I think in summary, ....science is really clarifying these issues that people
have been struggling with for many years, and there is always a resistance to
change. But I think one of the things that we confronted in our Congressional
commission is that a lot of the bad effects of sleep loss and impaired performance
are frequently not obvious because there has not been a history of really looking
for them. One of the studies that impressed me the most in that regard was an
anonymous survey of hospital house staff. I don’t remember the exact question,
but it was that 42% in this anonymous survey had killed a patient as a result of a
fatigued-based error. Well, who knows that? Who wants to know it? If we had
the power to really take a look at the price of fatigue, it would be enormous. 1
think these things are just beginning to emerge and they seem to threaten
management, threaten economic realities, but I think once there’s this move
toward help and peak performance and utilizing all this scientific knowledge
that everyone will benefit. There will be ways to deal with these things and it
will get better and better and the benefits will be recognized more and more. 1
think one of the problems in the trucking industry is the same kind of thing:
what’s the cause of all the crashes? Frequently, these causes aren’t really
assessed, and the public doesn’t recognize the liability, but it’s coming. I'm sure
at some point it’s better to be safe than to be sorry. Because sorry is lawsuits and
lost lives, tremendous damage to property. Those things are going to be equated
sooner or later.

END TAPE
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Fatigue, Alcohol and Performance Impairment
Nature, Volume 388, July-August 1997

Reduced opportunity for sleep and reduced sleep quality are frequently
related to accidents involving shift-workers!-3. Poor-quality sleep and
inadequate recovery leads to increased fatigue, decreased alertness and
impaired performance in a variety of cognitive psychomotor tests?. However,
the risks associated with fatigue are not well quantified. Here we equate the
performance impairment caused by fatigue with that due to alcohol
intoxication, and show that moderate levels of fatigue produce higher levels of
impairment than the proscribed level of alcohol intoxication.

Forty subjects participated in two counterbalanced experiments. In one
they were kept awake for 28 hours (from 8:00 until 12:00 the following day),
and in the other they were asked to consume 10-15¢g alcohol at 30-min
intervals from 8:00 until their mean blood alcohol concentration reached
0.10%. We measured cognitive psychomotor performance at half-hourly
intervals using a computer-administered test of hand-eye coordination (an
unpredictable tracking task). Results are expressed as a percentage of
performance at the start of the session.

Performance decreased significantly in both conditions. Between the
tenth and twenty-sixth hours of wakefulness, mean relative performance on the
tracking task decreased by 0.74% per hour. Regression analysis in the
sustained wakefulness condition revealed a linear correlation between mean
relative performance and hours of wakefulness that accounted for roughly 90%
of the variance (Fig. 1a).

Regression analysis in the alcohol condition indicated a significant linear
correlation between subject’'s mean blood alcohol concentration and mean
relative performance that accounted for roughly 70% of the variance (Fig. 1b).
For each 0.01% increase in blood alcohol, performance decreased by 1.16%.
Thus, at a mean blood alcohol concentration of 0.10%, mean relative
performance on the tracking task decreased, on average by 11.6%.

Equating the two rates at which performance declined (percentage
decline per hour of wakefulness and percentage decline with change in blood
alcohol concentration), we calculated that the performance decrement for each
hour of wakefulness between 10 and 26 hours was equivalent to the
performance decrement observed with a 0.004% rise in blood alcohol
concentration. Therefore, after 17 hours of sustained wakefulness (3:00)
cognitive psychomotor performance decreased to a level equivalent to the
performance impairment observed at a blood alcohol concentration of 0.05%.
This is the proscribed level of alcohol intoxication in many western
industrialized countries. After 24 hours of sustained wakefulness (8:00)



cognitive psychomotor performance decreased to a level equivalent to the
performance deficit observed at a blood alcohol concentration of roughly
0.10%.

Plotting mean relative performance and blood alcohol concentration
‘equivalent’ against hours of wakefulness (Fig. 2), it is clear that the effects of
moderate sleep loss on performance are similar to moderate alcohol
intoxication. As about 50% of shift-workers do not sleep on the day before the
first night-shift®, and levels of fatigue on subsequent night-shifts can be even
higher®, our data indicate that the performance impairment associated with
shift-work could be even greater than reported here.

Our results underscore the fact that relatively moderate levels of fatigue
impair performance to an extent equivalent to or greater than is currently
acceptable for alcohol intoxication. By expressing fatigue-related impairment
as a ‘blood-alcohol equivalent’, we can provide policy-makers and the
community with an easily grasped index of the relative impairment associated
with fatigue.

[Note: Retyped. Endnotes and Figures 1 and 2 are illegible and have been
omitted.]
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SUMMARY

The present study systematically compared the effects of sustained wakefulness and alcohol
intoxication on a range of neurobehavioural tasks. By doing so, it wis possible to quantity the
performance impairment associated with sustained wakefulness and express it as a blood alcohol
| impairment equivaleat Twenty-two healthy subjects, aged 19 1o 26 years, participated in three
counterbalanced conditions. In the sustained wakefulness condition, subjects were kept awake
for twenty-eight hours. In the alcohol and placebo conditions, subjects consumed either an
alcoholic or non-alcoholic beverage at 30 minute intervals. unti} their blood alcohol concentration
reached 0.10%. In each session, performance was measurcd at hourly intervals using four tasks
from a standardised computer-based test battery. Analysis indicaied that the placebo beverage
did pot significantly effect mean relative performance. In comtrast. as blood alcohol
concentration increased performance on ail the tasks, except for ome, significantly decreased
Similarly, as hours of wakefulness increased performance levels for Jzur of the six paramerers
significantly decreased. More impcriantly, equating the performznce impaimmen: in the two
condiuons indicated that. depending on the task meas.red. apprex.mately 20 to 25 nours of
wakefulness producsd performance decrements eguivalent to thoss saserved at a BAC of 9.10%%,
Overall, thess results suggest thar moderate levels of sustained wakziulness produce performance
equivalent to or greaier than those otserved at [evels of alcohol intoxication deemed unacczpranle

when driving. working and or operaung dangerous equipinent.

KEY WORDS sustained wakefulness, alcohol 1ntoxication. performance impairment



INTRODUCTION

The negative :mpact of sleep loss and fatigue on neurcbehavioural performance is well
documented (G..lbetg et al.. 1994; Mullaney er al.. 1983; Til.ey and Wilkinson, 1984). Studies
have ciearly shown that sustained wakefulness significanty impairs several components of
performance, including response latency and variability. speed and accuracy, hand-eye
coordination, decision-maxing and memory (Babkoff er ol., 1988; Linde and Bergstom, 1992;
Fiorica e al., 1568). Nevertheless, understanding of the relative performance decrements

produced by slep loss and fatigue among policy-makers, and within the community, is peor.

By contrast, the impairing effects of &lcohol intoxication are generally well accepted by the
community and policy makess. resulting in strong enfemsement of laws mandating that
individuals whose blood alcchoi concentration exceeds a c2rtain level be restricted from driving.
working and/cr 2perating dangerous equipment. Consequently, several studies have used alcohol
as a standar¢ ®v which 10 compare impairment in psychomcior performance caused by other
substances (Heisaman ez a!., 198S; Dicx e al. 1984 Thapar ¢ ai., 1995). By using alcohe: as a
reference po:nn such studies nave provided more easily grasped results regarding the

performance :mpairment associated with such substances.

In an attempt =0 provide polizy makers ard the community with an easilv understood index of
the relative risks associated with sleep loss and fztigus. Dewsorn and Reid (1997) equated the
performance impairment of fatigue and alcohol inToxication wsing a computer-based unpredictable
racking tasx. 3v doing so, the zuthors demonstrated that one nignht of sieep depnivation

produces perfoermance impalment grealer than is currently acceptable for alcohol intoxicaticn,



While this intial study clearly established that fat:gue and alcohol intexicesan have
quantitatively similar cffects, it should be noted that performance on orly cns sk was
investgated. Thus, it is unclear ar present whether these results are restricted tc hand-eve
coordination, or characteristic of the general cognitive effects of fatigue. While it s generally
accepted that sleep loss and fatigue are associated with impaired neurobehavioural periormance,
recent research suggests that tasks may differ substantially in their sensitivity to slkeep loss.
Studies addressing this issue have sugpested that tasks which are complex, high ir workload,
relatively monotonous and which require contnucus attention are most vulnerable to sleep

deprivation (Johnsen, 1982; Wilkinson, 1964).

As conditions that ceuse deterioration in one particular function of performance may leave others
unaffectad, it is unreasonable 1o assume that one ¢ould precact all the effects of sleep kss from 8
singie performance test. Thus. the cutrent study sough: to replicale and externd “i¢ inital

firdings of Dawson anc Reid (19971 by sysematically cemparing the efecm ot sicep

deprivation and alcohol :nitoxication on 2 range of performancs tasks.



METHOD

Subjects

Twenty-two participants, aged 19 to 26 years, were recruized for the stucy using advertisements
placed around local universiies. Volunteers were required to complete & general health
questionnaire and sleep/wake diary prior to the study. Subjects whce had a current health
problem, and‘or a history of psychiatric or sleep disorders were excluded. Subjects who smoked
cigarettes or who were taking medication known to interact with alcobol were also excluded.
Participants were social drinkers who did not regularly consums more than six standard drinks

per week.

Performance Battery

Neurobehavioural performance was measured using a standardised computer based test battery.
Tre apparatus for the batiery consists of an [BM compatib.e computer. MICICprocessor url,
response boxes and computer mcnitor. Bascd on ama‘sn_ precessing model
(Wickens, 1984), the battery sought to provide a broad sampling of -arious components of
neurobehav;cural performance. Four of twelve possible performance tests were used. such that
the level of cognitive complexity ranged from simple tc more complex " as listed below). S;n;e

speed and accuracy scores can be effected differently by sleep deprivation (Angus and

Hesiegrave, 1985. Webb and Levy, 1982), tasks that assessed both were investigated.



Thae simple scnsory comparison task required participants to focus on an attention fixing spot
displayed on the monitor for 750ms. Following this, a linc of sumulLs characters, divided into
three blocks of either numbers, letters or a mixture was displaysd Participants were then
required to respond to a visual cue, which appeared in the position of one of the stimulus blocks,
be naming the block which had been there. Verbal response were scored as correct, partially

COITECt Or incorrect.

The unpredictable tracking task (three-minute trials) was performed using a joystick ¢ control
the position of a tracking cursor by centring it on a constantly moving target. Percentage of time

on target was the performance measure.

The vigilance task (threz and a hslf minute trials) required subjects o press cre of six black
buttons or a single red button, depending on which light was llurnated If a single aght was
flurninated, subjects were require® '———ﬁ\_c_corr—cspondiug t.:ck button undernzath it If
bowever, rwo lights were illuminated simultaneously, subjects werz required to prass the red
button. For this report, two wigilance measures were cvaluated 1) the number ¢ correct

responses (accuracy), and 2) 1ncreases in the duration of responszs iresponse latency).

The grammatical reasoning task required subjects to indicate whether a logical statement
displayed on the monitor. was rue or false Subjects were presenied with 32 siazements per
trial, and instructed to concentrate on accuracy. rather than speed  Both accuracy (pereentage of

correct responses) and response .atency were evaluated in this repont



During test sessions, subjects were seated in front of the workstation in an isolated room, free of
distraction, and were instructed to complete ezch task once (1asks were presented in a random
order to prevent order effects). Each test session lasted approximately 15 minutes. Subjects
received no feedback cunng the study. in order to avoid knowledge of results affecting

performance levels.

Procedure

Subjects participated in 8 randomised cross-over desigr; involving three experimental conditions:
1) an alcohol intoxication condition, 2) a placebe condition. and 3) a sustained wakefulness
condiion. During the week prior to commencement of the experimental conditions, all
participants w<re individuaily trained on the performance battery. to familiarise themselves with
the tasks and to minimiss improvements in performance resulting from jeamning. Subjects were

required to repeat each test until their performance reached a plateau.

The subjects reported to the laboratory et 8:00pm on the night prior to each condition. Pnor to
retiring at 11:00pm, subjects were requirzd to complete additional pracuce trials on each tasks.
Subjects were woken at 7.0Cam. following 2 night of sleep, and allowed to breakfast and shower

prior to a baseline testing session, which started at 8:00am.

Alcohol Intoxicanon Conduion
Subjects completed a performance testing session hourly. Foliowing the 9.00am testing session

each subject was required to consume an alccholic beverage, consisting of 40 percent vodka and a



non-caffeinated softdrink mixer, at half hourly intervals. Twenty minutes afer the consumpticn
of each drink, blood alcohol concentrations (BAC) were estimated using a standard calitre:sd
breathalyscr (Lion Alcolmeter S-D2, Wales), accurate to 0.005% BAC. When a BAC of 0..0%
was reached no further alcohol was given. Subjects were not informed of their BAC at anytime

during the expenumental period.

Placebo Condition

The procedure for the placebo condition was essentially identical to the alcohol condition.
Subjects in the placebo condition had the rim of their glass dipped in ethano] to give the
umpression that it contained alcchol To ensure that subjects remained blind to the treatment
condition to which they had been allocated, approximately equal numbers of subjects received

aleohol or placebo in any given laboratory session

Sustained Wakefuiness Condinon

= - ——#—SWjects were deprived of sleep for one night During this time, thsy completed a peformarce
testing session svery hour. In between their tesung sessions, subjects could read, write. warch
television or converse with other subjects, but were not allowed to exercise, shower or bath.
Food and drinks containing caffeine were prohibiied the night before and during the experimental

¢onditions.

Statistical Apalysis
To control for inter-individual vanability on neurobehavioural performance, test scores for zach

subiect were expressed relative to the average test scores they obtained during the baselwe



(8:00am) testing session of each condition. Relative scores witin each interval (hour of
wakefulness or 0.03% BAC intervals) were ther averaged 1o obtain the mean relative
performance across subjects. Neurobehavioural perfermance data in the sustained wakefulness
and alcohel intoxicenon conditions were then collapsed into two-hcur biss and 0.02% BAC

intervals, respectively.

Evaluation of systematic changes in each performance parameter across time (hours of
wakefulness) or blood alcohol concentration were assessed separately by repeated-measures
analysis of variance (ANOVA), with significance levels corrected for sphericity by Greenhouse-

Geisser epsilon.

Linear regression analysis was used to determine the relatienship between test performance,
hours of waxefulness ard alcohel intoxication. The relationship between neurobehavioural
performnarce and both zours of wakefulress and BAC are expressed as a percentage drop in
performance for each bour of wakefulness or each perceniage increase m BAC, respectively. For
each performance parameter, the percentage drop in test performance in each of the two
conditions was also equated, and the effects of sustained wakefulness 20 performance expressed

as a BAC cquivalen:



RESULTS

Alcohol Intoxication Condition
Table | displays the results of the ANOVAs run on each performance variable as a function of
BAC. Five of the six performance parameters significantlv (p = 0.0008-0.00C1) decreased as

BAC increased, with poorest performance resulting at a BAC of 0.10 or greater.

The lincar relationship between increasing BAC and performance impairment was analvsed by
regressing mean relative performance against BAC for each 0.02% interval. As is evident in
Table 2, there was a significant (p = 0.0132-0.0002) linear correlation between BAC ard mean
relative performance for all of the variables except one. It was found that for each 0.01%

increase in BAC, the decrease in performance relanve to basaline ranged from 0.29 to 2.68%.

Placebo Condition
To ensure that differences in perfarmance reflected only the effects of actual alconol intoxication
a placebo condition was incorporated into the study. As indicaied in Table 1, mean relative

perfermance in the placebo condition did not significantly va-y.

Sustained Wakefulness Condition
Table 1 displays the results of the ANOV As for each performance vanable as a functon of
hours of wakefulness. Four of the six performance parameters showed statistically signif:zant (p

= 0.0001) variation by hours of wakefulness. In general, the hours-of-wakefuiness etfect on each



performance parameter was associated with poorest performance resulting after 25 to 27 hours

of wakefulness

Since there is a strong non-lincar component to the performance data, which remained at a fairly
stable level throughout the penod which comncides with their normal waking day, the
performance decrement per bour of wakefulness, was calculated using a linear regression between

the seventeenth (equivalent to 11:00pm) and twenty-seventh hour of waksfulness.

As indicated in Table 2, regression analyses revealed a significant linear correlation (p = 0.0011-
0.0001) between mean relative performance and hours of wakefulness for four of the six
performance variables. Between the seventeenth and twenty-seventh hours of wakefulness, the

decrease in performancs relative to baseline ranged from 0.61 1¢ 3.35% per hour (Table 2).

Sustained Wakefulness and Aleohol Intoxication

The primary aim of the present study was to express tre effects of SW on Za range of
neurobehaviourai performance tasks as a blood alcohol equivalent Figures 1-6 illustrate the
comparat:ve effects of alcohol intoxication and sustained wakefulness on the six performance
parameters. When compared to the impairment of performance caused by alcoho! at a BAC of
0.10%, the same degree ol impairment was produced after 20.3 (grammatcal reasoning response
.atency), 22.3 (vigilance accuwracy) 24.9 (vigilance response latency) or 23.1 (tracking accuracy)
hours. Even afier 28 hours of sustained wakefulness, neither of the remaining two performance

variables (grammatical reasoning accuracy and simple sensory comparison: dzcreased to a level

eguivalent to the impairment observed at 2 BAC 01 0.10%.



DISCUSSION

In the preser: study moderate levels of alcoho! intoxicaton had a clearly measurable effect on
rewobehavioural performance. We observed that as blood alcohc concentration increased
performanze on all the tasks, cxcept for one, sigpificantlv decremssd. A sirjlar e;ffect was
observed i the sustained wakefulnsss coadition. As hours of wakefulness increassd
petformance levels for four of the six parameters significantly decreased. Comparison of the two
effects indicatzd that moderate levels of sustained wakefulness produce performance decrements

comparable w those observed ar moderate leve!s of alcohol intoxication in social drinkers,

As previous research has found that some individuals tend to perform in a manner that is
consistent with the expectation that they are intoxicated due 1o alcohol consumption
(Brechenridze and Dodd, 1991), a placeto condition was included in this study. We found that
the placebo beverage did not siznificantly effect mear relative performance. Thus, it was

assumed that performance decrements cbserved during the aleohol corc:ticn were caused sclely

ty creasiz blood alcoho! concentration.  Moreover, T Worth ooung:i-th—aTthe_ placebo
cendinon 1n this study generaly did not creatc the perception ¢ aicchol consumption.
Furtzermere. when participants nad already experienced the alcoho! condition, and thus the
effects of acekei on their subsequen: behaviour and performance, placebo beverages were even
less convincing, suggesting that inclusion of a placebo condition is 1ot neiessary in future studies

of a similar nange.

In general, increasing bloed alcohol concentrations were associated with a significant linear

decrease ir erobehavioural performance. At a BAC of 0.10% mean relative performance was



unpaired by apprcv:mately 6 8% and 14.2% (grammaucal reasoning accuracy and response
latency, respectively 1. 2.3% and 20 5% (vigilance accuracy and response latency, respectively)
or 21.4% (twacking; Overall, the decline in mean relative performance ranged from
approximately 0.29% 10 2.68% psr 0.01% BAC. These results are consistent with previous
findings that suggest that alcohol produces a dose-dependent decrease in meurobehavioural

performance (Billings et al., 1991).

In contrast, mcan relative performance in the sustained wakefulness condition showed three
distinct phases. Newrobehavioural performance rercained at a relatively stable level duning the
period which coincided with the normal waking day (0 to 17 hours). In the second phase.
performance decreased linearly, with poorest performance generally occurring after 25 w0 27
hours of wakefulness. It was observed that mean relative performance increase: again after 26 to
28 hours of wakefulress presumably reflecting either the well reported circatian variation in

neurobehavioural performance (Folkard and Tottersdell. 1993) or an end of testing session 2ffect.

T —pee
The linear decrease in performance observed for four of the measures in this study is consistent
with previous studies documenticg neurobehaviournl performanze decreases for pericds of
sustained wakefulness >etween 12 and 86 hours (Linde er al. 1992, Storer ef ai. 1989; Fionca e
al. 1968). Between the seventeenth and twenty-seventh hours of waksfulness. mean relative
performance significantly decreased at a rate of approximetely 2.61% (grammatical reasoning
response latency), 0.61 and 1.98% (vigilance accuracy and response latency, respectively) or

3.36% (uracking) per hour.



While the results in each of the experimental conditions are interessing in themselves, an¢ have
been previously been eswablished, the primary aim of the presez: study was to cormpare the
cffects of alcohol intoxicanon and sustained wakefulness. Equesing the effects of the two
conditions indicated that 17 to 27 hours of sustained wakefulness (Som 7:00pm to 10:00am) and
moderats alcohol consumption have quanttatively similar effects on newrobehavioural
performance. Indeed, the findings of this study suggest that after only 20 hours of sustained

wakefulness performance impairment may be equivalent to that observed at a BAC of 0.10%.

This stucy has confirmed the suggestion made by Dawson and Reid (1997) that moderate levels
of sustained wakefulness produce performance decremments equivalent to or greater thap those
observed at levels of alcohol intoxication deemed unacceptable wien driving, working and’or
operating dangerous cquipment. More importantly, however. th:s study was designed to

determine whether the wosults of Dawson 2ad Reid (1997) wer: an isolated finding, er

g e . .
charactenstc of the general cognitive effects of sleep depriveton. Using the deges of

impairmen: caused by alconol that produced a BAC of 0 10% as a standard. this study
systematically ccmpared the effects of sustained waketulness ¢z a range of neurobehavioural
tasks. Results indicate that while, m general, sustained wakefuiness had a detrimental eifect on
psychomotor performance, the specific components of psrformance differed in their degree of

sensitivity to sleep deprivation.

The observed differences between the performance tasks with respect to the vulnersility to

slecp deprivation can be explained by their relative degress of co=plexity That is to sav. the



more complex neurobsnsvioural parameters measured in the =reser: study were more sensitive
to sleep deprivation than were the simpler performance paraeters. “While caly 20.3 howrs of
sustained wakefulness was necessary to produce a performanc: decrement on the most coinplcx
task (grammatical reasoning) equivalent to the impairment ohserved at 2 BAC of 0.10%, it was
after 22.3 and 24.9 hours of sustained wakefulness tha: a smilar result was seen in a less
complex task (vigilance accuracy and response latency, respectiveiy) Furthermore, on the
unpredictable tracking task, a slightly less complex task than viglance, a decrement in
performance cquivalent to that observed at a BAC of 0.10% was produced after 25.1 hours of

wakefulness.

It was observed that, despite a slight downward trend, pesformance ox the simplest of the four
tasks did not significantly decrease. even following twenty-eigh: Sours of sustained wakefulness.
In contrast, performance on this task was significantly impa:red after 2 dose of aleoho! that
produced a BAC of 0 10% (or greater) These results are in lirs with the suggestion :hat simple
{45K8are Tess sensitive to sieep deprivation (Johnson, 1982). Indeed, we believe i likely thar
impairment of performance on this task may have occumed i we had extendsd the period of
sustained wakefulness. It is interesting to note that several stuc-e; (e ¢ Dinges er al,, 1988) have
reponted that tasks similarly lacking in complexity, such as simple reaction time tasks, arz
affected carly and profoundly by sleep loss, thus strongly suggesting tha! monotony may
increase sensitivity to sustained wekefulness. Indeed. the fact that this :35k was not vulnerabie
to susta:ned wakefulness may possibly be explained by the interesing and challenging properties

of the task



It is also noteworthy that, while we observed a decrease in accuracy on the grammatical
reasoning task, impairment of this performance parameter was not cemparable to that produced
by a8 BAC of 0.10%. While this may at first contradict the suggestion that in this study
vulnerability to sustained wakefulness was, to a large degree, determired by task comgplexity, it
should be noted that participants were instructed 1o concentrate on accuracy rather than speed
when completing the grammatical reasoning task. Thus, our particular instructions 1o
participants may explain, at least in part. this irregularity. Altemnatively. this finding is in line
with the sugpestion of a natural *speed-accuracy trade-off". Similar results have been observed in
several studies, which report a decline in speed of performance, hut not accuracy, when sleep-
deprived subjects are required 1o perform & logical-reasorung task (Angus and Heslegrave, 1985;

Webb and Levy, 1982).

Interesungly, this was not the case with the vigilance task. In this iestance, despite insiruction
to concenurate primarily on accuracy, this component was shightly moce wvuinerable ta sleep
deprivation than was respense latency. The absence of 2 wrade-off on this task may be explained
by the different properties of the vigilance and gramymatical reasoning tasks. In accordance with
the distinction raised by Broadbent (1953). the latter of these tasks can be defined as an unpaced
task, in which the subject delermines the rate of stimuli presentation. In contrast, the vigilance
task can be defined as a paced task, in which stimuli are presented 2: a speed controlled by the
experimenter. In line with this distinction, our findings are consistent with those of Broadbent
(1953) who observed that while a paced 1ask rapidly deteriorated during the expsrimen:al period,

in terms of speed, an unpaced version of tae same tzsk did not



A further explanation for the differences observed between tm2se two tasks, may relate to the
extremely monotonous nature of the vigilarce task. Indeed. we believe 1t likely that subjects
were mere motvated to perform well on the grammatical reascrung task. which was penerally
considered more interesting and challenging Hence degres of motivation may explain why
measures of both speed and accuracy decreased on the vigilance task, while on the former task,
accuracy remained relatively stable. This suggestion is in line with previous studies which have
found that mouvation can, to & degree, counteract the effects cf sleep loss (Home and Pettiu,

1985).

Taken together, the results from this study support the saggsstica that even moderate levels of
sustained wakefulness produce performance decrements greater than is currently accepiable for
alcohol inioxicauon. Furthermore. our findings suggsst <=z: while sleer deprivation has a
generally dewrimental cffict on neurobehavioural performance. specific compornenis of

performance differ in their sensitivity to sustained wakefuiness

Since approximately 50 percent of shiftworkers typically spend at leas: twenty-four hours
awake cn the first night shift in a roster (Tepas e o/, 19%1), these {indings have important
implications within the shiftwork industry. Indeed, the results of this study. 1f generalisec 1o an
applied setting, suggest that on the first mght shift. on a number o1 tasks. a shiftworker would
show a neurobchaviowal performance deccement similar o0 or greater than is acceptable for

alcohol intoxication.



Whic the current study supports the idea that sustained waxsfulress may carry a risk
coparable with moderate alcohol intoxicate:. it is difficult 10 know to whz: degree these
results can be generalised 1 “real-life” settings. Indeed. laboratory measures and environments
usually bear little resemblance 10 actual tasks and settings. Furthermore, while our study used a
bantery of tests to evaluate the effects of sustained wakefulness on performance, their is no
guarantee that all the functions involved in “real-life tasks”, such as dnving, were utilised and
assessed.  An alternative approach would be to simulate the actual task, as accurately as
possible  Given that, for practical and etrical reasons, it is difficul; to expeimentally study the
relationship bstween sustained wakefulness and actual dnving, simulaters of varying realism
have been used. Thus, protocols using simulators could te used to medel “reai-life" settings and
establish a more accurate estimate of the BAC equivalence for the performance decrement

1ssacigted with sleep loss and fatigue
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TABLE 1. Summary of ANOVA results for nezrobehavioural performance variables

Placebo Alcobol Intoxication Sustained Wukefulness

Performance Variable F-1a-= P* Fe 106 p Fisam P

GRG Response Latency 0.32 NS 4.96 0.0021 13.97 0.0001
GRG Accuracy 0.63 NS 6.88 0.0001 220 NS
VIG Response Latency 219 NS 43.09  0.000! 33.74 0.0001
VIG Accuracy 202 NS 799  0.0008 11.04 0.0001
Unpredictable Tracking 2.63® NS $32  0.0008 10.09  0.0001
Simple Sensory Comparison ~ 0.78 NS 1.88 NS 1.47 NS

GRG, grammatical reasonir:z VIG, vigilance

* comrected by Greenhouse-Geisser epsilon; ® based on data from twa=iv subjects.



TABLE 1. Summary of linear eression analysis of neurobehaviourz! performance variables

Performance Parameter DF F P R2 %Decrease
SW Condition (per hour)
GRG Response Latenzy 1.4 70.61 0.0011 0.9% 2.6

GRG Accuracy 1,4 3.64 NS - -
VIG Response Latency 1.4 98.54 U 0006 9 1.98
VIG Accuracy 1,4 8179 0 0008 0.95% 061
Unpredictable Tracking 1,4 70.93 0.01] 0.95 3.36
Simple Sensory 1.4 4.71 NS - -
Aicohol Conditioa (per0.01% BAC)
GRG Response Latency ® 1.2 7430 00132 097 2.37
GRG Accuracy 1.4 31.07 0cCCsl 789 0 €8
VIG Response Latency 14 12.65 0.0CC2 098 2.0%
_ VIG Accurscy * 1.3 21237 0.0647 1.9 0.29
Unpredictable Tracking * 1.2 258.52 0.0ceé 0.99 263

s
[V,
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!

Simple Scnsory

* Based on dat from 0.02°4-0.10% BAC: ® Based on data from 0 (2% -0 10% BAC
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Crev. fatigue tactors in aviauon acciacin

Crew fatigue factors in the Guantanamo Bay aviation accident

Mark R. Rosekind, PhD.
NASA Ames Research Center

Kevin B. Gregory, Donna L. Miller
Sterling Software

Elizabeth L. Co
San Jose State University Foundation

J. Victor Lebacqz, PhD.
NASA Ames Research Center

Malcolm Brenner
National Transportation Safety Board

On August 18, 1993, at 1656 eastern daylight time, a military contract flight crashed whle
attempting to land at the U.S. Naval Air Station, Guantanamo Bay, Cuba. The airplane, a
Douglas DC-8-61 freighter, was destroyed by impact forces and fire. The three flight
crewmembers sustained serious injuries. The National Transportation Safety Board
(NTSB), an independent agency of the United States government, conducted an official
investigation to determine the cause of the accident and to make recommendations to
prevent a recurrence (1). At the request of the NTSB, the NASA Ames Fatigue
Countermeasures Program analyzed the crew fatigue factors to examine their potential
role in the accident. Three principal sources of information were made available from the
NTSB accident investigation to NASA Ames for analysis: 1) Human Performance
Investigator's Factual Report,

2) Operations Group Chairman's Factual Report, and 3) Flight 808 Crew Statements.

Based on scientific data related to sleep and circadian rhythms, the NASA Ames Fatigue
Countermeasures Program identified three core physiological factors to examine when
investigating the role of fatigue in an incident or accident. These factors have subsequently
been expanded to four, to explicitly include a factor examined but not previously reported.
The four fatigue factors to examine in incident/accident investigations are: 1) acute sleep
loss/cumulative sleep debt, 2) continuous hours of wakefulness, 3) time of day/circadian
effects, and 4) presence of sleep disorder. These factors were examined and the
sleep/wake histories for the flight crew prior to the accident are presented in Figure 1.

http://olias.arc.nasa.gov/publications/rosekind/GB/GB.Abstract.htrnl 12/27/98
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Figure 1. Crew Sleep/Wake Histories

The crew had been off-duty up to 2 days prior to the accident trip and then flown
overnight cargo schedules for the two nights prior to the accident, and had been assigned
the accident trip unexpectedly on the morning of August 18, shortly after being released
from duty. The extra trip involved segments from Atlanta to Norfolk, VA to Guantanamo
Bay back to Atlanta, approximately 12 hrs of flight time in 24 hrs of duty. The figure
provides information on the fatigue factors: 1) the individual crew members had an acute
sleep loss (i.e., 5,6,8 hrs of daytime sleep), 2) were continuously awake 19, 21, and 23.5
hrs prior to the accident, and 3) the accident occurred just prior to 5 pm local time during
the afternoon window of sleepiness (this did not represent a time zone change for this US
East coast crew). Upon inquiry, there were no reported symptoms or signs of a sleep
disorder. Therefore, all three of the initial fatigue factors were. operating in this accident.

There were two principal sources of data available on flight crew performance in the
accident: cockpit voice recorder (CVR) and Captain's testimony at the NTSB public
hearing. There were four performance effects related to fatigue that significantly
contributed to the accident: 1) degraded decision-making, 2) visual/cognitive fixation, 3)
poor communication/coordination, and 4) slowed reaction time.

A complete description of flight operations, fatigue factors, performance effects, and
accident investigation findings are available in the full NTSB accident report (1). Based on
the findings, the NTSB determined that the probable cause of this accident included the
impaired judgment, decision-making, and flying abilities of the captain and flightcrew due
to the effects of fatigue. This was the first time in a major U.S. aviation accident that the
NTSB cited fatigue in the probable cause. As a result of this investigation, the NTSB
recommended that the Federal Aviation Administration (FAA) expedite the review and
upgrade of Flight/Duty Time Limitations of the Federal Aviation Regulations to ensure
that they incorporate the results of the latest research on fatigue and sleep issues. The
NTSB reiterated a recommendation to require U.S. air carriers to include, as part of pilot
training, a program to educate pilots about the detrimental effects of fatigue and strategies
http://olias.arc.nasa.gov/publications/rosekind/GB/GB. Abstract . html 12/27/98
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for avoiding fatigue and countering its effects. This NTSB investigation and the NASA
guidelines to examine fatigue factors, provides a model for investigating and documenting
the role of fatigue in operational incidents and accidents.

(1) National Transportation Safety Board. Aircraft accident report: uncontrolled collision with terrain,
American International Airways Flight 808, Douglas DC-8-61, N814CK, U.S. Naval Air Station,
Guantanamo Bay, Cuba, August 18, 1993. Washington, DC: National Transportation Safety Board,
1994; NTSB/AAR-94/04.

http://olias.arc.nasa gov/publications/rosekind/GB/GB .Abstract.html 12/27/98






AIR LINE PILOTS ASSOCIATION, INTERNATIONAL

S35 HERNDON PARKWAY O P.O.BOX 11839 O HERNDON, VIRGINIA 2017211839 O 703-688-2270
FAX 703-481-2478

February 19, 1999

TO: Captain Rich Rubin, APA
Captain Robert Landa, SWAPA
Captain Don Kingery, IACP
Captain Dave Wells, FPA
Ms. Lauri Esposito, IPA
Mr. Don Treichler, IRT

For your records, I enclose a copy of the Reserve Duty/Rest
Requirements Working Group submission regarding reserve rest.
The ARAC Working Group Pilot Members Submission contains the
final Lamond/Dawson report which was produced as Appendix F.

You should discard the copy of the submission that was mailed to
you on or about January 9.

Sincerely,
- "_..\s
(_/'{/‘r 3/'1“0' 'L‘Th-}(—x_.--"
Aggie ;oone, Paralegal

Legal Department

:avt
Enclosure



AIR CARRIER OPERATIONS ISSUES GROUP

FAA AVIATION RULEMAKING ADVISORY
COMMITTEE (ARAC)

RESERVE DUTY/REST REQUIREMENTS
WORKING GROUP

Donald E. Hudson, M.D., Labor Co-Chairman
H. Clayton Foushee, Ph.D.,

Industry/Management Co-Chairman
Phil Harter, Moderator



LETTER FROM BILL EDMUNDS TO THOMAS MCSWEENEY. FEB. 9. 1999



AIR LINE PILOTS ASSOCIATION, INTERNATIONAL

S35 HERNDON PARKWAY 0 P.O.BOX 1163 O —E3NDON, VIRGINIA 20172-1168 0 703-589-227C -
FAX 703-683-4370

February 9, 1999

Mr. Thomas E. McSweeny

Associate Administrator for Regulation and Certification
Federal Aviation Administration

800 Independence Avenue, S.W.

Washington. D.C. 20591

Dear Mr. McSweeny:

The Air Carrier Operations Issues Group of the FAA's Aviation Rulemaking Advisory
Committee (ARAC) received a task to recommend to the FAA a performance-based or other
regulatory scheme whereby the public is ensured that each flight crewmember is provided with
sufficient rest to safely perform flight deck duties ar a minimal cost to certificate holders and
operators. The Reserve Duty/Rest Requirements Working Group was established to perform this

task.

Two co-chairmen were appointed to this working gToup: H. Clayton Foushee. Ph.D.. with
Northwest Airlines. and Donald E. Hudson. M.D.. with Aviation Medicine Advisorv Service.
Realizing the difficult and contentious nature of the task. the services of Mr. Phil Harter. with The
Mediat:on Consortium, were enlisted as moderater We want to thank the FAA for graciously

making Mr. Harter available.

The task was to address all commercial aviation operations under both Part 121 and 133 rules.
The great majority of the time was spent developinz proposals for Part 121 scheduled operations.

Scientific Literature

The working group did not conduct a detailed review of the scientific literature available on
fatigue. The working group was able to agree on two broad scientific principles in regard to
fatigue:
¢ Humans generally need the opportunity to acquire approximately eight hours of sleep per
24 hour period. and
» Fatigue is more probable during the time encompassing approximately 0200 to 0600.
which roughly corresponds to the low point in an average human’s circadian cycle.

The working group agreed that reserve duty is neither rest nor duty.
The indusiny /labor representatives include detailed scientific citations in their submission.

Reserve Scheduling

There are a wide variety of reserve rest schemes currently in use in the industry. The
industry'management representatives prefer a flexible scheduling approach with approval given



by the FAA at individual airlines for individual operations. The industrv/labor representames
prefer a more structured approach.

After several public meetings: 740 basic scheduling schemes were propesed for providing resene
pilots the opportunity for rest cr limiting the duty day based upon the amount of advance notice
of flight assignment:

e A scheduled protected time period for all reserve pilots with the use of advance
notification to either cancel a scheduled protected time period or to utilize a reserve on a
sliding scale where the length of the duty day would be dependent on the amount of
advance notification. and

e Limiting the duty day based upon the amount of advance notification for a flight

assignment.
Consensus

ARAC proposals are based on developing consensus within the working group. The services of
Mr. Harter were used to assist in this regard. After a great deal of discussion and give-and-take
on the part of all concerned, the working group realized that consensus would not be possible. At
that point, the labor and management representatives were asked to develop proposals that would
address their individual concerns and issues.

These proposals are presented to provide the FAA the various industry concems and the rationale
for their respective positions.

Industry Proposals

The industry/management reprzsentatives final proposal for Part 121 scheduled operations
provides a minimum eight hour rast period or 10 hours of advance notification. under most
circumstances. prior to a fligh: =3signment.

Industry/management represen:ztives (Helicopter Association Internaticnaly propose a scheme for
Part 135 on-demand air charter >perations which include scheduled reserve and extended reserve.
with provisions for operationai dzlays.

Industry/management representatives (National Air Transport Association and National Business
Aircraft Association) also address such reserve-related issues as rest. opportunity time, duty, and
standby in Part 135 unscheduled operations.

Industry/labor representatives propose a minimum prospective protected time period of 10 hours
during a 24-consecutive hour period for all Part 121 operations. The protected time period may
be rescheduled only under speciiic circumstances and an available duty assignment is limited in
relation to the preceding protectzd time period.

Industry/labor representatives « International Brotherhood of Teamsters. 2t al.) propose that
protected time period and reser 2 availability period methodologies apply to all commercial air
carriers. They proposed that nen-scheduled and Part 135 carriers be provided an altermative
method for reserve assignments where it can be validated that the previous methodology cannot

be applied.

This summary of industry propesals is necessanily very abbreviated and may miss some essential
concerns and elements. Itis provided only to give a flavor for the detailed proposals.



Economic Impact

Industry/management representatives compiled economic data pertaining to the cost of their
proposal for Part 121 scheduled operations. They estimate there would be approximately $100
million in incremental costs to the major operators that provided economic data, primarily Air

Transport Association member airlines.
No economic data were provided by smaller Part 121 or Part 135 operators.

The working group was unable to provide additional economic analyses comparing the various
proposals.

Summary

A great deal of honest effort and serious consideration went into developing these proposals. The
working group engaged in an intense meeting schedule. essentially monthly, and much work was
performed preparing for meetings. The working group is to be commended for this dedication.

Special thanks are due to Dr. Foushee and Dr. Hudson for their dedication and sincere efforts on
behalf of bringing this task to fruition.

While the casual observer may see great differences among these proposals, it is essential to
concentrate on the common elements. They can serve as a basis for action by the FAA in the

rulemaking arena.
Thank you for the opportunity to be of service.
Sinceraly,
w er“Q— K._\_) . ?&\\—«-‘J‘Q{

William W. Edmunds. Jr.. Chairman
ARAC Air Carmier Operations Issues Group

Enclosure
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MEMO FROM DR. HUDSON, FEB. 1, 1999



Date: February 1, 1999
To:  Air Carrier Operations Group

From: Donald E. Hudson, M.D.
Labor Co-Chairman ARAC Reserve Duty Working Group

It was my privilege to again serve as Co-Chairman of another ARAC Working
Group, this ime dealing with reserve rest issues for professional pilots. It was also
rewarding to again work with Dr. Clay Foushee, with whom I shared office space at
NASA Ames Research Center in the mid-1980’s. In addition, Phil Harter did an
admirable job moderating this sometimes contentious gathering.

The diversity of today’s aviation environment was reflected in the representatives of
the group and it was clear from the outset that there were a great variety of
operational schemes in use for scheduling reserve pilots. Most of the meeting time
was spent in attempting to reach agreement on a general scheme for Part 121
Scheduled Operators, it being felt that consensus was more probable in that arena.
However, I was disappointed and dismayed that, once again, a general consensus in
the ARAC between labor and management representatives proved elusive despite
good faith efforts by many talented people on both sides of these issues.

At the first meeting, it was decided not to do a comprehensive review of the scientific
lizerature on fatigue, despite the specific direction to do so in the Federal Register.
The ratonale at the time being that a detailed review of the scientific literature was
unnecessary and, indeed, might be an actual impediment to reaching consensus
recommendations. It was felt by both Dr. Foushee and myself that the two sides were
no: that far apart and a discussion of the operational fatigue research, especially that
conducted over the last 15 years, would lead to disagreements over relatively minor
pounts. In retrospect, that was a serious error. As the discussions continued into the
fall of 1998, it became clear there were fundamental misunderstandings and
differences of opinion about the research data and it’s applicability to flight time/duty
time regulations for pilots. This led to assertions that the scientific literature can be
inte-preted in a variety of equally plausible ways and was thus not very useful in
providing guidance for drafting practical regulations. That conclusion is not shared
by any of the reputable scientists who have conducted the operational research and it
1s not the view of the labor representatives nor the Battelle Group in their recent
recommendations to FAA.



To their credit, the management group did acknowledge the need to provide an
opportunity for a pilot to obtain 8 hours of slecp in a 24 four period but had great
difficulty coming to terms with the physiological fact that wkere that opportunity
occurs in the circadian cycle is as vital a parameter as the number of hours available.
The research data indicates that humans show significant decrements in performance
after prolonged periods of wakefulness. As we all know, commercial aviation can be
a very unforgiving environment and this puts a heavy burden on FAA regulators who
must try to ensure that safety is not unduly compromised.

The labor submission to ARAC is based on the available scientific data and research
in this field — which continues in countries around the world. It is designed to make
every effort to ensure that, as much as possible, only crewmembers with opportunity
to receive adequate rest are available for duty. It is also designed to prohibit
operations that have the real potential to push the human operators to fly when
physiologically impaired. The scientific basis for these recommendations is
referenced and included in the proposal. I would suggest the management side
challenge themselves to similarly measure their proposal by the vardstick of the
scientific data as well.

Any new regulations written to address the pressing issue of pilot fatigue must be
based on our knowledge of the deleterious effects of fatigue on human physiology.
The only constant in this discussion is the physiology of the human operator - the
pilot. All other considerations, including economics and eff:ciency are important but
not decisive,

It1s discouraging to note that it is now 5 years to the day since the last ARAC Fatigue
Working Group submutted it’s proposals to FAA - and we still do not have a final
rule on Flight Time Duty Time. New regulations dealing with Reserve Rest are a
vital part of any new rulemaking process and I urge FAA to consider the various
proposals and the available scientific data - and act swiftly t0 address this pressing
problem.

/%vd( i M

Donald E. Hudson, M.D.
ARAC RDWG Labor Co-Chairman
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ARAC WORKING GROUP
PILOT MEMBERS SUBMISSION

VIA OVERNIGHT DELIVERY

Dr. Donald E. Hudson Dr. Clay Foushee
Aviation Medicine Advisory Group Northwest Airlines
14707 East 2nd Avenue 901 15th Street, N.W.
Suite 200 Suite 310

Aurora, CO 80011 Washington, DC 20005
Gentlemen:

The 78,000 airline pilots who were represented at the ARAC Working Group welcome
the opportunity to provide their unified position regarding a reserve rest regulation. We are
pleased that the Working Group was able to reach a consensus that pilots who are assigned
reserve duty should have a protected rest period during every 24 hours. However, we are very
disappointed that we were unable to reach a consensus as to the “scheme” that would best
provide the required rest.

We believe that the efforts of the Working Group will prove helpful to the FAA in
formulating a final regulation. The differing positions of the parties have been narrowed and

clearly identified. It is now up to the FAA to timely promulgate a final regulation.
):;c:%t{z /'CZ{ %ﬂ%ﬁ/‘-ﬂfm

Captain Rich Rubin Captain Frank Williamson
Allied Pilots Association (APA) Atr Line Pilots Association (ALPA)

.(,25{-(—?; ‘ffn*ﬁéét CA&LM -

Captain Robert Landa aptain Don Kinger}; B
Southwest Pilots Association (SWAPA) Independent Association of Continental Pilots (IACP)

(el ok pait

Captain Dave Wells auri Esposito
Fedex Pilots Association (FPA) Independent Pilots Association (IPA)

Don Treichler
International Brotherhood of Teamsters (IBT)

Respectfully submitted,
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AVIATION RULEMAKING ADVISORY COMMITTEE
RESERVE REST WORKING GROUP

PROPOSAL OF 77,955 AIRLINE PILOTS
January 8, 1999

i’REAMBLE
This document is submitted on behalf of approximately 78,000 commercial airline
pilots. The proposal that follows contains our recommendations for Federal Aviation
Regulations concerning rest requirements and duty limitations for reserve pilots. It is
applicable to all Domestic and International Part 121 operations under FAR Subparts Q,
R, and S. Part 135 regulations should be revised to provide a level of safety equivalent to
this proposal.

Our proposal is presented in two parts. Part I is the proposed regulatory language.

Part II provides our intent, examples, and rationale. The scientific support for our
proposal is included in the endnotes.

We are pleased that both pilots and air carriers were able to agree on the

following elements of a proposed reserve rest rule:

1. A pilot should be scheduled by the operator to receive a protected time period
as an opportunity to sleep for every day of reserve duty. The operator may not
contact the pilot during this period.

2. An operator should limit the movement of a pilot’s protected time period
during consecutive days of reserve duty to ensure circadian stability.

3. Areserve pilot’s availability for duty should be limited to prevent pilot fatigue

as a result of lengthy periods of time-since-awake.



4. Sufficient advance notice of a flight assignment can provide a reserve pilot

with a sleep opportunity.

We believe that it is incumbent upon the Federal Aviation Administration (FAA)
to include time-of-day as a factor in designing duty and rest limitations. A substantial
body of research and pilot reports shows that a decrease in performance frequently occurs
during “back-side-of-the-clock” operations due to circadian factors. To address this
issue, our proposal provides for a reduction in the reserve availability period when
scheduled duty touches the 0200 — 0600 time period, or what the scientists refer to as the
“window of circadian low.”

Our submission refers to several documents that have provided us with a
foundation of scientific support. Prominent among them is NASA Technical
Memorandum 110404, Principles and Guidelines for Duty and Rest Scheduling in
Commercial Aviation, (May 1996). This document, herein referred to as NASA TM.
offers NASA’s specific recommendations on duty and rest limitations based on more than
20 years of extensive research into the cause and prevention of pilot fatigue. It is
attached hereto as Appendix A.

Another reference is An Overview of the Scientific Literature Concerning
Fatigue, Sleep, and the Circadian Cycle, Battelle Memorial Institute Study (January
1998). This study, herein referred to as the Battelle Study, commissioned by the FAA's
Office of the Chief Scientific and Technical Advisor for Human Factors, provides an in-
depth review of scientific research concerning sleep and fatigue. Drawing upon 165
scientific references, the Battelle Report identifies major trends in the scientific literature,
and has provided valuable information and conclusions. This study is attached as

Appendix B.



Another reference is A Scientific Review of Proposed Regulations Regarding
Flight Crewmember Duty Period Limitations, Docket #28081, The Flight Duty
Regulation scientific Study Group. This study was sponsored by the Independent Pilots
Association to provide a scientific review of NPRM 95-18. It is referred to as the
Scientific Study Group and is attached as Appendix C.

The pilots met with sleep expert, Dr. William Dement, Director of Sleep Research
and Clinical Programs at Stanford University. The transcript of that meeting appears in
Appendix D.

We have attached an article titled Fatigue, Alcohol, and Performance Impairment
that summarizes a study conducted by The Centre for Sleep Research at the Queen
Elizabeth Hospital in South Australia in Appendix E. This study quantifies the
performance impairment associated with sustained wakefulness in terms of equivalent
percent blood alcohol impairment. A subsequent study, titled Quantifving the
Performance Impairment associated with Sustained Wakefulness, by Lamond and
Dawson replicates this study and extends the initial findings. It is attached as Appendix
F.

‘The NTSB requested that the FAA conduct an expedited review of the FARs after
pilot fatigue aﬁd continuous hours of wakefulness were found to be key findings in the
crash of a DC-8 at Guantanamo Bay, Cuba in 1993. A NASA/NTSB report titled Crew
fatigue factors in the Guantanamo Bay aviation accident is attached as Appendix G.

Several airlines have switched to reserve pilot schemes very similar to the one we
propose. These carriers include Continental Airlines, UPS, America West, Alaska
Airlines, and British Airways. The reserve pilots at these airlines have protected time

periods of 8 to 12 hours with reserve availability periods of 14 to 18 hours.



We owe a debt of gratitude to the many pilots who prO\I/ided us with reports of their
encounters with pilot fatigue. These reports reveal that pilot fatigue typically occurs during
back-side-of-the-clock operations and after long periods of time-since-awake.

The pilots would like to thank the FAA for providing this forum and the air
carriers for contributing to the debate. We hope that this ARAC has demonstrated to all
interested parties how unregulated scheduling can lead to dangerously high levels of pilot
fatigue for reserve pilots. We urge the FAA to quickly remedy this very serious safety

problem.



PART I: PROPOSED REGULATORY LANGUAGE

121.xxx Reserve Rest

(a)

(b)

(c)

Except as provided in paragraphs (b) and (d), no certificate holder may schedule
any flight crewmember and no flight crewmember may accept an assignment to
reserve status unless a minimum prospective Protected Time Period (PTP) of 10
hours during a 24-consecutive hour period is scheduled. The Protected Time
Period must begin at the same time during any scheduled period of consecutive
days of reserve status and the flight crewmember must be given no less than 24
hours notice of the Protected Time Period.

A certificate holder may reschedule a specific Protected Time Period during any
scheduled period of consecutive days of reserve by the following:

(1)  Rescheduling the beginning of a Protected Time Period a maximum of
three hours later without prior notification.

2) Rescheduling the beginning of a Protected Time Period a maximum of
three hours earlier if the flight crewmember is provided 6 hours notice
prior to the beginning of the originally scheduled Protected Time Period.

(3) Rescheduling the Protected Time Period by more than 3 hours once during
any 7 consecutive days by providing the flight crewmember 10 hours
notice.

A certificate holder may assign a flight crewmember and a flight crewmember
may accept an assignment for flight time in scheduled air transportation or other
commercial flying if such assignment is permitted by this subpart;

(1) If the assignment is scheduled to be completed within 16 hours after the end
of the preceding Protected Time Period; however,

(2) If the flight crewmember is given a flight assignment for any part of the
period of 0200 to 0600 hours, any such flight assignment must be scheduled
to be completed within 14 hours after the end of the preceding Protected
Time Period. The operator with the concurrence of the administrator and
the pilot group may designate any 4-hour period for all operations between
0000-0600 hours in place of 0200-0600 hours.

These limitations may be extended up to 2 hours for operational delays.



(d)  When there are no other reserve pilots who have sufficient reserve availability
periods to complete an assignment, the certificate holder may schedule a flight
crew member for an assignment for flight time in scheduled air transportation or
other flying permitted by this subpart, provided that the crew member is given a
minimum of 14 hours of advance notice and is released to protected time at the
time of the notice.

(e) Each certificate holder shall prospectively relieve each flight crewmember
assigned to reserve for at least 24 consecutive hours during any 7 consecutive
days.

) For augmented International operations, a certificate holder may assign a flight
crewmember and a flight crewmember may accept an assignment for flight time

in scheduled air transportation or other commercial flying as follows:

(1) For single augmentation, the assignment must be scheduled to be completed
within 18 hours after the end of the preceding Protected Time Period; or

(2) For double augmentation, the assignment must be scheduled to be
completed within 22 hours after the end of the preceding Protected Time

Period.

These limitations may be extended up to 2 hours for operational delays.

DEFINITIONS

Operational Delay — Any delay that would cause the Reserve Crewmember to be
extended beyond the applicable duty limit for up to two hours: except a delay caused by
changing the Reserve’s original flight assignment.

Protected Time Period (PTP) — Same as 121.471(b)(6), NPRM 95-18. except “has no
responsibility for work™ replaced by ‘“‘has no responsibility for duty.”

Reserve Availability Period (RAP) — The period of time from the end of the PTP to the
time that the reserve crewmember must complete flight duty.

Reserve Time — Same as 121.471(b)(7), NPRM 95-18, except “two hours” for report
time versus “‘one hour.”

Standby Duty — Same as 121.47(b)(9), NPRM 95-18, except “less than two hours” to
report versus “one hour.”



Part II: Pilots’ Proposal with Intent, Examples, and Rationale

121.xxx Reserve Rest

(a)  Except as provided in paragraphs (b) and (d), no certificate holder may
schedule any flight crewmember and no flight crewmember may accept an
assignment to reserve status unless a minimum prospective Protected Time
Period (PTP) of 10 hours during a 24-consecutive hour period is scheduled.
The Protected Time Period must begin at the same time during any scheduled
period of consecutive days of reserve status and the flight crewmember must be
given no less than 24 hours notice of the Protected Time Period. '

Intent: To ensure that all reserve pilots are scheduled for and receive a prospective, and
predictable. 10-hour opportunity every reserve day to obtain 8 hours of sleep and to
maintain crcadian stability.

Example:
Pilot - PTP 2000-0600

220 0600
— RAP

y 10N PTP

anso 0600

Rationale: The human body requires an average of 8 hours of uninterrupted, restorative
sleep in a 24 hour period when sleeping during normal sleeping hours. When attempting
to sleep outside of normal sleeping hours, 8 hours of sleep is still required. However,
scientific data indicates additional time is needed to obtain the required 8 hours of sleep.
The 10 hour Protected Time Period (PTP) would. therefore, include an opportunity to
prepare for and actually receive 8 hours of restorative sleep in all circumstances.
Additionally, a 10-hour PTP was selected with the assumption that the minimum required
rest for all pilots would be 10 hours (See NPRM 95-18). A 10-hour PTP would maintain
consistency of rest for all pilots. Starting consecutive PTPs at the same time is
imperative to maintaining circadian stability. The desired method of assigning PTP
would be when the crewmember is assigned reserve. A minimum of 24 hours
notification of a Protected Time Period will provide an opportunity to prepare for
impending reserve days. :



(b) A certificate holder may reschedule a Protected Time Period during any
scheduled period of consecutive days of reserve by the following:

Intent: To provide the reserve pilot with a predictable, prospective rest period and also
give the operator scheduling flexibility to accommodate unforeseen circumstances.
Rescheduling a PTP +/- 3 hours is only applicable to that PTP. Remaining reserve days in
a block would begin at the original start time. Shifting of a PTP does not extend a
Reserve Availability Period (RAP).

(1) Rescheduling the beginning of a Protected Time Period a
maximum of three hours later without prior notification.
Example:
(In this example, under no circumstances may a PTP start time be later than 2300)

Day 1
PTP 2000 to 0600 (original PTP)

2200 0600

Sy RAP

10 hr PTP

2000 0600

Day 2
PTP 2300 to 0900

RAP

3 hrs 10 ht PTP——mmm™ 3
2000 2300 . 0500

Day 3
PTP 2000 to 0600

2200 0600
— RAP

P, S
2008 0600

Rationale: Delaying a sleep opportunity, up to three hours, is not excessively disruptive
to circadian stability. In this case, no prior notification is required.



(2)  Rescheduling the beginning of a Protected Time Period a maximum of
3 hours earlier if the flight crewmember is provided 6 hours notice prior
to the beginning of the originally scheduled Protected Time Period.

Example:
(In this example, under no circumstances may a PTP start time be earlier than 1700)

Day 1
PTP 2000 to 0600 (original PTP)

2200 0600
—_— RAP

Kk 10hrPTP
2000 0800

Day 2
PTP 1700 to 0300

0300 1900

RAP
PTP l k—PTP—
0300 1400 1700
Noehice
Day 3
PTP 2000 to 0600
2200 0800
T— RAP

K 10hrPTP

2000 0600

Rationale: Moving a sleep opportunity earlier, up to three hours, is disruptive to
circadian stability. To accommodate and prepare for this rescheduled sleep opportunity
additional notice is required.



3) Rescheduling the Protected Time Period by more than 3 hours once
during any 7 consecutive days by providing the flight crewmember 10
hours notice.

Rationale: Changing a sleep opportunity more than +/- 3 hours is very disruptive to
circadian stability. For extreme circumstances beyond the control of the operator (i.e.,
inclement weather, closed airports, etc.) an operator has the ability to reschedule a PTP
more than 3 hours from the original start time. A minimum of 10 hours prior notification
of the new PTP is required to allow the pilot a period of time to adjust for the rescheduled
sleep opportunity. This provision is restricted to once in every 7 days because it is so
detrimental to circadian stability. This restriction also would preclude the operator from
arbitrarily utilizing this provision and yet allows the certificate holder the flexibility to
operate under extreme circumstances.’

10



(c) A certificate holder may assign a flight crewmember and a flight
crewmember may accept an assignment for flight time in scheduled air
transportation or other commercial flying if such assignment is
permitted by this subpart;

(1) If the assignment is scheduled to be completed within 16 hours
after the end of the preceding Protected Time Period;

Intent: To establish a “Reserve Availability Period” (RAP).?

Example:

2200 2400 0400
__'3“‘5:1_::'7'-»:- 16 hr RAP

e 10NhrPTP

2000 0800

11



(2) If the flight crewmember is given a flight assignment for any part of the
period of 0200 to 0600 hours, any such flight assignment must be
scheduled to be completed within 14 hours after the end of the preceding
Protected Time Period. The operator with the concurrence of the
administrator and the pilot group may designate any 4-hour period for
all operations between 0000-0600 hours in place of 0200-0600 hours.

Examples:
2000 0400 1800
'-Eszﬂ%oﬁ 14 hr RAP
10 hr PTP it Duty Occurs Between 0200 - 0600
1800 0400 1800
2000 2200 0400
'—')’"5?557»—)1 16 hr RAP
10 hr PTP I1f Duty Occurs Outside 0200 - 0600

1800 0400

These limitations may be extended up to 2 hours for operational delays.

Rationale: Time-since-awake contributes to fatigue. This section acknowledges time-
since-awake by limiting the RAP to 16 hours if the pilot is afforded the opportunity to
sleep during a normal sleep period. The science further indicates fatigue occurs sooner
when given a sleep opportunity at a time other than normal sleeping hours. This section
addresses that fact by reducing the RAP to 14 hours should duty occur during this normal
sleep period.*

12



(d) When there are no other reserve pilots who have sufficient reserve availability
periods to complete an assignment, the certificate holder may schedule a flight
crew member for an assignment for flight time in scheduled air transportation
or other flying permitted by this subpart, provided that the crew member is given
a minimum of 14 hours of advance notice and is released to protected time at
the time of the notice.

Intent: All pilots are originally scheduled in a PTP system. Circadian stability 1s
ensured by all pilots having a definitive, prospective sleep opportunity. When all such
pilots have been utilized, 14 hours notice may be used by the operator to assign a pilot to
a flight. Once notified of a flight assignment a crewmember is released from further
responsibility until he reports for duty. While this method of assigning reserve is less
than desirable, it enables the certificate holder to continue operations as necessary.

Rationale: While advance notice can present a sleep opportunity, scientific research is
very clear that circadian factors make it very difficult and sometimes impossible to take
advantage of it. For example, consider a pilot who finishes his PTP at 0800 and is then
contacted by the carrier for an assignment that reports at 2200. This would be an
application of 14 hours advance notice. Circadian factors make it very difficult, if not
impossible, for the pilot to sleep again until later, typically during the afternoon circadian
Jow point (1500 — 1800) or earlier if possible. However, by receiving the notice early, he
can schedule his morning activity accordingly to best prepare himself for the afternoon
sleep opportunity (like a line-holder does). Typically. he would go to bed around 1500 -
1600 and set the alarm clock for 1900 — 2000 to provide enough time to shower, dress,
eat. and report for duty. Even with 14 hours of advance notice, this pilot could only
expect to sleep 4 — 5 hours prior to reporting for a back-side-of-the-clock assignment that
could last until 1200 the following day. It should be apparent that less than 14 hours
notice could result in less than 4- 5 hours of sleep and raise the probability of serious
pilot fatigue during the assignment.

The above example was discussed during the Denver ARAC meeting. At one
point, Dr. Don Hudson was asked for his expert opinion regarding what should be
required for a minimum amount of advance notice. Dr. Hudson’s response was 13t0 14
hours.’

13



(e) Each certificate holder shall prospectively relieve each flight crewmember

assigned to reserve for at least 24 consecutive hours during any 7 consecutive
days.

Intent: All reserve pilots must receive a prospective 24 hour period free from duty
during any 7 consecutive days.

Rationale: Pilots assigned to reserve status must be continually prepared for any flight
duty. These pilots should be relieved from this obligation for 24 hours during any 7
consecutive days. The pilot must be notified prior to the beginning of that off duty
period.

14



67 For augmented International operations, a certificate holder may assign a
flight crewmember and a flight crewmember may accept an assignment for
flight time in scheduled air transportation or other commercial flying as
Jollows:

(1) For single augmentation, the assignment must be scheduled to be
completed within 18 hours after the end of the preceding Protected Time
Period; or
Example:
0000 0600
RAP
10 hr PTP
2000 0800
(2) For double augmentation, the assignment must be scheduled to be
completed within 22 hours after the end of the preceding Protected Time
Period.
Example:

Fibi o600
RAP

monPP————————

2560

0600

These limitations may be extended up to 2 hours for operational delays.

Intent: To establish a Reserve Availability Period (RAP) for long-haul international

reserve pilots.

Rationale: Long-haul international flights necessarily involve back-side-of-the-clock
flving. Therefore. for a single pilot augmentation, we added 4 hours to the 14-hour back-
side-of-the-clock duty period and 8 hours for double augmentation. This is in accord
with the NASA TM. °

15



Scientific Support

' 121.xxx Reserve Rest

(a) Except as provided in paragraphs (b) and (d), no certificate holder may
schedule any flight crewmember and no flight crewmember may accept an
assignment to reserve status unless a minimum prospective Protected Time
Period (PTP) of 10 hours during a 24-consecutive hour period is scheduled.
The Protected Time Period must begin at the same time during any scheduled
period of consecutive days of reserve status and the flight crewmember must be
given no less than 24 hours notice of the Protected Time Period.

Scientific support:
(a) 10 hour Protected Time Period to provide an opportunity to obtain 8 hours of sleep.

Each individual has a basic sleep requirement that provides for optimal levels of
performance and physiological alertness during wakefulness. On average, this is
8 hours of sleep in a 24-hour period, with a range of sleep needs greater than and
less than this amount. Losing as little as 2 hours of sleep will result in acute sleep

loss, which will induce fatigue and degrade subsequent waking performance and
alertness.

NASA TM, {1.1.1,p.2.

Off-duty period (acute sleep and awake-time-off requirements) - Therefore.
the off-duty period should be a minimum of 10 hours uninterrupted within any
24-hour period. to include an 8-hour sleep opportunity{.]

NASA TM,§2.1.2.p.5

Standard Sieep Requirements and Off-Duty Period - Research by Drs. Carskadon
& Dement, 1982 and Wehr et al., 1993 support a minimum of 8 hours of sieep
based upon a range of studies that use several approaches including:

. Historical levels of sleep

o Measures of daytime alertness

. Sleep levels achieved when given the opportunity to sleep as long as
desired

Battelle Report, p. 15.

... There appears to be substantial evidence that a minimum of eight hours of
sleep is required for most people to achieve effective levels of alertness and
performance.

Battelle Report, p. 21.
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... It is important to realize that an individual working nights is at risk for
significant sleepiness for two distinct reasons: . . . an individual working
successive nights is forced to obtain sleep during the daylight hours at a time
when the circadian pre-disposition to sleep is minimal. . . . As mentioned, sleep
under these circumstances is typically fragmented, sleep state architecture is
distorted, and the restorative nature of sleep . . . is reduced.

A Scientific Review of Proposed Regulations Regarding Flight Crewmember Duty period
Limitations, The Flight Duty Regulation Scientific Study Group, §2.6, p. 5-6.

Minimum rest periods should be adjusted upward for sleep periods that include
the time of peak circadian alertness (4 — 6 PM.).

Reserve time arrangements should be adjusted so that protected windows during
the time of peak circadian alertness are extended to compensate for decreased

efficiency of sleep during that time. (Emphasis added.)

Scientific Study Group, ¥ 5.1.2,5.1.4, p. 11

Remarks of Dr. Dement:

Q:

... One of the most basic tasks is for us to agree on a recommendation for a sleep
opportunity . . . to afford every reserve pilot the opportunity of a protected time
period so that he or she is absolutely insulated from contact from the operator.
How many hours do you recommend for a minimum fixed sleep opportunity”?

I will start out by assuming that we would take 8 hours of sleep as the most
common requirement. Then you need to add to that in order to be able to get the
proper amount of sleep. In your situation, I would think it would be a little larger
than it might be for someone who really wasn't doing anything. So.TI'd add a
couple of hours to get the proper amount of sleep.

Appendix D. p. 4.

Q:

Dr. Dement, . . . we're really at the point now where we’re going beyond the
philosophy and we're trying to put our finger on numeric values. Our position at
least from the pilots’ standpoint, is that we see the need for a 10-hour sleep
opportunity knowing that the opportunity may not always be at the best time of
the day. We're facing an industry position that is looking for 8 hours as the
minimum Our position is predicated on the fact that 8 hours may be adequate if it
overlaps the WOCL. But since we don’t know for sure when we’re going to have
that opportunity. we believe that, or we think that having that extra 2 hours is
going to give us a little more of a buffer, especially when it comes during the
daytime. Would you consider that to be a conservative and a justified position?

Absolutely. I don’t think you could possibly assume someone is going to fall
asleep instantly and then sleep continuously for 8 hours, not even under the most
ideal circumnstances. Maybe it should be longer.

Appendix D, pp. 5-6.
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Scientific support:
(a) Scheduling the Protected Time Period for the same time each day

Time-of-day / Circadian Physiology Affects Sleep and Waking Performance -
... Time-of-day or circadian effects are important considerations in addressing 24
hour operational requirements because circadian rhythms do not adjust rapidly to
change.

.. . Thus, circadian disruption can lead to acute sleep deficits, cumulative sleep
loss, decreases in performance and alertness, and various health problems . . .
Therefore, circadian stability is another consideration in duty and rest scheduling.

NASA recommends a sleep opportunity that is predictable (24 hours notice
recommended), does not vary more than 3 hours on subsequent days to ensure circadian
stability, and is protected from interruption. (Emphasis added.)

NASA ™™, 11.3, p. 34;92.6.2,p. 8.

Conclusion - Reserve assignments should attempt to maintain a consistent 24
hour cycle.

Battelle Report, p. 28.

Remarks of Dr. Dement

Q:

Dr. Dement, there’s one area that we really haven’t touched upon at this point and
I don’t want to miss. These are questions regarding the maintenance of circadian
stability. In your opinion, why is maintaining circadian stability so important?

Well because usually... and by that you mean your sleep opportunities and your
wake opportunities are in that period of stability, then you have the best sleep and
the best wake. If you get out of that cycle, then both sleep and wake will be
impaired.

What happens to the body as you change a person’s cycle?

All sorts of things happen, but the major thing of course is that you are now trying
to sleep when the body wants to be awake and you're trying to be awake when the
body wants to be asleep because you left the circadian stability that you talked
about.

Appendix D, pp. 16-17.
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(3) Rescheduling the Protected Time Period by more than 3 hours once
during any 7 consecutive days by providing the flight crewmember 10
hours notice.

Scientific support:
(b) Limiting the movement of the Protected Time Period to Plus or Minus 3 hours

. . . the 8-hour sleep opportunity should not vary by more than 3 hours on
subsequent days to ensure circadian stability. . . .
NASATM, 12.6.2, p. 8.

Remarks of Dr. Dement

Q: ... we’re trying to insure that the protected time period, the rest period, stayed the
same from day to day, assuming the reserve crewmember is not called. Or for
that matter when he is called, he goes back into his cycle. We're attempting to try
to snap him back to as close to that original cycle and maintain that same rhythm
from day to day. NASA has findings on that. Their recommendation was to
maintain that circadian stability plus or minus 3 hours. Do you agree or disagree?

A: I absolutely agree that’s better than no stability. Obviously the smaller that
number, the better. Ithink practically it couldn’t be zero, but I think we tend to
feel there's kind of a daily flexibility within that range, like O to 3 hours, O to 2
hours. To go outside of that is, again. inviting a condition of sleep deprivation.
So deliberately creating a bad situation.

Appendix D, pp. 16-17.
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! (c) A certificate holder may assign a flight crewmember and a flight
crewmember may accept an assignment for flight time in scheduled air
transportation or other commercial flying if such assignment is
permitted by this subpart;

(1) If the assignment is scheduled to be completed within 16 hours
after the end of the preceding Protected Time Period;

(c) 16 hour Reserve Availability Period Limitation

Continuous Hours of Wakefulness/Duty Can Affect Alertness and
Performance - Extended wakefulness and prolonged periods of continuous
performance or vigilance will engender sleepiness and fatigue.

Extended flight duty period — An extended flight duty period should be limited
to 12 hours within a 24-hour period to be accompanied by additional restrictions
and compensatory off-duty periods. This limit is based on scientific findings
from a variety of sources, including data from aviation, that demonstrate a
significant increased vulnerability to performance-impairing fatigue after 12
hours. It is readily acknowledged that in current practice, flight duty periods
extend to 14 hours m regular operations. However, the available scientific data
support a guideline different from current operational practice. The data indicate
that performance-impairing fatigue does increase beyond the 12-hour limit and
could reduce the szfety margin.

NASATM, {914,234 7p. 4.6

NASA does not provide a specific recommendation for the duration of a Reserve
Availability Period. However, it follows that NASA’s recommended maximum duty limit
of 12 hours plus 2 hours for operational delays (total - 14 hours) obviously requires a
pilot to be awake at least that much time. By adding report time to NASA's
recommended maximum duty limit, it is apparent that NASA’s duty limit is
commensurate with our proposed 16-hour reserve availability period limnt for un-
augmented flying.

The results of an NTSB analysis of domestic air carrier accidents occurring from
1978 to 1990 suggest that time since awake (TSA) was the dominant fatigue-
related factor in these accidents (NTSB, 1994). Performance decrements of high
time-since-awake crews tended to result from ineffective decision-making rather
than deterioration of aircraft handling skills. . . . There did appear to be two peaks
in accidents: in the morning when time since awake 1s low and the crew has been
on duty for about three to four hours, and when time-since-awake was high, above
13 hours. Similar accident peaks in other modes of transportation and industry
have also been reported (Folkard, 1997). Akerstedt & Kecklund (1989) studied
prior time awake (four to 12 hours) and found a strong correlation of accidents
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with time since awake for all times of the day. Belenky et al. (1994) found that
flight time hours (workload) greatly increase and add to the linear decline in
performance associated with time since awake.

Battelle Report, p. 13.

Some symptoms of fatigue are similar to other physiological conditions. For

example, with fatigue one’s ability to artend to auxiliary tasks becomes more

narrow, very much analogous to the effects of alcohol (Huntley et al., 1973;

Moskowitz, 1973), hypoxia (McFarland 1953), and heat stress (Bursill, 1958).
Battelle Report, p. 5.

Australian researchers Drew Dawson and Kathryn Reid (1997) evaluated performance
after 17 hours of wakefulness and found performance degraded to a level equal to that
caused by a blood alcohol concentration (BAC) of 0.05 percent. At 24 hours,
performance decrements were equivalent to that of a0.10 BAC. After ten hours of
sleeplessness, the decline in performance averaged .74 percent per hour. Their study
titled Fatigue, Alcohol and Performance Impairment appeared in Nature, Vol. 338, July-
August 1997. (See Appendix E). These findings were replicated and extended by
Nichole Lamond and Drew Dawson in 1998. (See Appendix F).

If an individual has been awake for 16 to 18 hours, decrements in alertness and
performance are intensified. If time awake is extended to 20 to 24 hours. alertness
can drop more than 40 percent (WRAIR, 1997; Morgan et al.. 1974: Wehr, 1996).

Battelle Report, p. 25.

The NTSB cited pilot fatigue as the probable cause of the crash of a DC-8 at Guantanamo
Bay in 1993. The individual crewmembers were continuously awake for 19. 21, and 23.5
hours prior to the accident.

Mark R. Rosekind, et al., Crew farigue factors in the Guantanamo Bay aviation accident.
(See Appendix G). -

Remarks of Dr. Dement

Q: Dr. Dement, after our reserve pilots receive their sleep opportunity. they become
available for duty. We call the availability period the “reserve availability period”
and that’s basically the time they are available for work, for flying. After the
sleep opportunity, what would you consider to be a safe limit of time since awake
for a crewmember?

For the 10-hour (sleep opportunity) period?
Yes.

A: Fourteen hours. And I wouldn’t say that’s 100% safe but if you have a number,
that adds up to the 24-hour day. It ought to be reasonably safe.
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Where do you get your number from?

Well, it comes mainly in my head from circadian type 24-hour studies to see the
pattern of the manifestation of the drive to sleep versus the awakening effect of
the biological clock. If you're getting outside the 24-hour cycle, then you're
going to have periods of greater risk. . . .

That assumes that the individual wakes up as soon as his protected time period is
over. So in other words, you see a complimentary factor: 9 hours of rest should
dictate a 15-hour availability period?

Yes. I think most people would agree that would be the ideal.

Going beyond that, what is probably the most greatest points of contention right
now — the debate between the pilots and the industry operators — is the fact that
the operators would like to extend this reserve availability period in excess of
what you say is 14 or 15 or 16 hours, whatever the case may be, to a larger
increment, extending that reserve availability period based upon an advance
notice of a nap opportunity. In other words, a pilot comes on call at 8:00 am. He
is then told at 9:00 a.m. that he is to report for duty 5 hours later. The industry’s
position is that the notice constitutes an opportunity for additional rest which then
would be utilized to add more restorative energy or analogous to putting more
charge into a battery, and then carry that pilot into more of an extended duty
period with an additional amount of time.... up to in certain cases 24 hours of
duty. What is your feeling on that type of scenario?

To me. that's a recipe for disaster because if you have a responsible. professional
pilot — who has a reasonable schedule, - who is not horribly sleep deprived, and
who has a fairly stable circadian rhythm, then the likelihood that he can get
adequate sleep by trying to nap I think is relatively small. I would not depend on
it at all. I would think also to have to do it sort of unexpectedly like this....Oh!
Take a nap....Only people who are very sleep deprived....

Let’s say I have a 10-hour sleep opportunity: 10 p.m to 8 am. That means I'm
available for 14 hours unless they fly me into the next 10 p.m. slot tonight. Could
I not get a call say at noon and say instead of you being off tonight at 10 p.m., we
want you to work until seven tomorrow morning but you aren’t going to go to
work until 10:00 that night. So they call me at noon, they give a 10-hour notice
that I'm not going to have to go to work until 10 hours from noon, so at 2200 I
report for work, and they want me to fly until 0800. So that would be a total of 24
hours from the time I theoretically woke up and I've had a 10-hour notice that I
was going to be flying this fatiguing schedule. Would that be safe?

Well, I wouldn’t be on your plane. No. I think that’s almost insanity in the
sense of saying that is safe. First of all, naps can’t be depended on — even under
ideal circumstances — to get you through this period when the biological clock
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alerting is gone. when you're alone with your sleep debt so to speak. during the
WOCL. There's no way that isn’t going to be dangerous. . . .
Appendix D, pp. 8-9.
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4 (2) If the flight crewmember is given a flight assignment for any part of the
period of 0200 to 0600 hours, any such flight assignment must be
scheduled to be completed within 14 hours after the end of the preceding
Protected Time Period. The operator with the concurrence of the
administrator and the pilot group may designate any 4-hour period for
all operations between 0000-0600 hours in place of 0200-0600 hours.

Scientific support:
(c ) Reducing the Reserve Availability Period by two hours during Back-Side-Of-The-
Clock Operations (0200 — 0600)

Off-duty period (following standard flight duty periods during window of
circadian low) - Extensive scientific research, including aviation data,
demonstrate that maintaining wakefulness during the window of circadian low is
associated with higher levels of performance-impairing fatigue than during
daytime wakefulness. . . .

Definition: “window of circadian low” - The window of circadian low is best
estimated by the hours between 0200 and 0600 for individuals adapted to a usual
day-wake/night-sleep schedule. This estimate of the widow is calculated from
scientific data on the circadian low of performance, alertness, subjective report
(1.e. peak fatigue), and body temperature. . . .

NASA TM, ¥ 2.1.4.2.3.2, pp. 5-6.

The ingredient of day versus night long-haul flights raises a second concern. the
time-of-day departure. Because sleepiness and fatigue are strongly related to
circadian rhythmicity, they should not be controlled by regulations. which ignore
time-of-day in favor of elapsed time. . . . For the sake of efficiency and safety. it is
incumbent upon regulatory authorities to include time-of-day as a factor in
designing flight crew duty and rest limitations.

R. Curtis Graeber, et al., Aircrew Sleep and Fatigue in Long-Haul Flight Operations,

. Tokyo. Japan (October 26-29, 1987), p. 13.

Back of the Clock Operations, Circadian Rhythm and Performance

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:

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

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

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

e Cumulative sleep debt increase throughout the shift.

Research conducted by Monk et al. (1989) indicates that subjective alertness is
under the control of the endogenous circadian pacemaker and one’s sleep-wake
cycle (time since awake). When time since awake 1s long and coincides with the
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circadian low there is a very sharp drop in alertness, a strong tendency to sleep
and a significant drop in performance (Perelli, 1980). Alertness is relatively high
when the circadian rhythm is near the acrophase and time since awake is small.
Monk (1996) argues that this cycle is consistent with the NTSB (1994) finding of
a peak accident rate occurring in the evening. . ..

Battelle Report, p. 23.

Microsleeps have been shown to be a useful approach to assessing the effects of
time of day on sleepiness levels. EEG brain wave changes confirm that pilots
experience greater sleepiness and decreased alertness between 2:00 to 4:00 a.m.
(Gundel, 1995). ...

Battelle Report, p. 9.

.. . In determining maximum limits for extended duty periods, consideration also
needs to be given to other fatigue-related factors that could contribute to excessive
fatigue levels during extended duty periods, including number of legs, whether
the flight impinges on the window of circadian low (WOCL). and time since
awake. (Emphasis added.)

Battelle Report, p. 14.

Night operations are physiologically different than day operations due to circadian
trough and sleep loss. This carries a higher physiological cost and imposes
greater risks of accidents. One of the most established safety issues is working in
the circadian trough between 0200 and 0600. During this period workers
experience considerable sleepiness. slower response times. increased errors and
accidents (Mitler, 1991; Pack. 1994). Many recent accidents from various
transportation modes have been associated with this circadian trough (Lauber &
Kayten, 1988). Lyman and Orlady (1981), in their analysis of the Aviation Safety
Reporting System researcher state that 31 percent of incidents occurring between
2400 to 0600 hours were fatigue related.

In Japan, 82.4 percent of drowsiness-related near accidents in electric motor
locomotive drivers (Kogi & Ohta, 1975) occur at night. Other landmark studies
over the past several decades have documented the increase in accidents and error
making. Klein et al. (1970) argue that their research with simulators proves that
night flights are a greater risk than day flights. Their research found 75- to 100-
percent mean performance efficiency decrements in simulator flights during the
early morning hours, regardless of external factor such as darkness or increasing
night traffic or possible weather conditions.

... A study of naval watch keepers found that between 0400 to 0600, response
rates drop 33 percent, false reports rates 31 percent, and response speed eight
percent, compared with rates between 2000 to 2200 hours (Smiley, 1996).

Samel et al. (1996) determined that many pilots begin night flights already having
been awake more than 15 hours. The study confirms the occurrence of as many
as five micro-sleeps per hour per pilot after five hours into a night flight. . .. The
authors concluded that “During day time, fatigue-dependent vigilance decreases
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with task duration, and fatigue becomes critical after 12 hours of constant work.
During night hours fatigue increases faster with ongoing duty. This led to the
conclusion that 10 hours of work should be the maximum for night flying.”

[Note Samel’s conclusion - Reduce the duty period from 12 to 10 hours.]

Gander et al. (1991) found in an air carrier setting that at least 11 percent of pilots
" studied fell asleep for an average of 46 minutes. Similarly, Luna et al. (1997)
found that U.S. Air Force air traffic controller [sic] fell asleep an average of 55
minutes on night shift. A possible explanation for these sleep occurrences, in
addition to circadian nadir, is the finding of Samel et al. that many pilots begin
their night flights after being awake for as long as 15 hours.
Battelle Report, pp. 24-25.

Duty periods conducted during the WOCL already carry a fatigue penalty due to
the circadian cycle. Conseguently. duty periods involving WOCL should be
reduced. (Emphasis added.)

Battelle Report, p. 28.

... flight duty regulations that adequately account for circadian modulation in
the capacity of sleep and in human performance have been used in the United
Kingdom for 6 years . . . and by account appear to be working well. The Study
Group is aware of no qualitative reason why adjustments such as those
incorporated in the UK regulations could not be used in the US as well.

Scientific Study Group, §4.2, p. 10.
Flight duty periods during window of circadian low.
. Therefore, it is recommended that in a 7-day period. there be no extended

flight duty period that encroaches on any portion of the window of circadian low.

[Note: a standard flight duty period should not exceed 10 hours within a 24-hour period.]
NASA TM, ¥ 2.3.5.B.; 2.3.3.
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; (d) When there are no other reserve pilots who have sufficient reserve
availability periods to complete an assignment, the certificate holder may
schedule a flight crew member for an assignment for flight time in scheduled
air transportation or other flying permitted by this subpart, provided that the
crew member is given a minimum of 14 hours of advance notice and is released
to protected time at the time of the notice.

Scientific support:
(d ) Minimum of 14 Hours Advance notice

Considerable research into other arenas has taught us that individuals are better
able to cope with unusual or extended duty schedules when they can plan for them
in advance. This forewarning allows them to develop time-linked performance
goals and to schedule their rest and activity optimally before reporting for duty.
R. Curtis Graeber, et al., Aircrew Sleep and Fatigue in Long-Haul Flight Operations.
Tokyo, Japan (October 26-29, 1987), p. 12.

... In other words. simply being off duty was not a sufficient condition for crew
members to be able to fall asleep. . . .
Philippa N. Gander, et al., Crew Factors in Flight Operations: VIII. Factors Influencing
Sleep Timing and Subjective Sleep Quality in Commercial Long-Haul Flight Crews
(December 1991, p. 29.

... In the limited time remaining, he attempts to sleep irrespective of his
physiological readiness to sleep (circadian phase) and the local time, both of
which may compromise the quality and quantity of sleep he is able to obtain.

Philippa N. Gander, et al.. Crew Factors in Flight Operations: VIII. Factors Influencing
Sleep Timing and Subjecrive Sleep Quality in Commercial Long-Haul Flight Crews
_(December 1991), p. 31.

This reiriforces the importance of ensuring that adequate time is available for sleep.

Conclusions - . . . Flight and duty time regulations can be interpreted as a means
of ensuring that reasonable minimum rest periods are respected. However. the
perspective highlighted by this study is that the time available for sleep is less
than the scheduled time off duty. . . .
Philippa N. Gander, et al., Crew Factors in Flight Operations: VIII. Factors Influencing
Sleep Timing and Subjecrive Sleep Quality in Commercial Long-Haul Flight Crews
(December 1991), p. 33.
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Q:

Remarks of Dr. Dement

How about that the flight is going to happen. There is going to be every day in
America, pilots that report to work at 2300 or whatever and fly until 0800 the next
morning. Now, what’s different about the man who knows a week, a month in
advance that this is going to be his schedule and the reserve pilot who finds out at
noon after having woken up at 8 a.m.? What would be the difference?

You know that the time you do all of the things you can to move toward a better
situation . . . You can never get to perfection, but the more practice, the more
waming, the better you’ll be able to handle it. Some people learn that there is a
time when it’s quiet and if I do this, I can pretty much depend that I will fall
asleep. It’s not 100% but you kind of learn that or you practice or whatever. But
if it’s without warning, all bets are off.

Dr. Dement, you’ve kind of led the discussion into another area of this
rulemaking that has to do with an alternative method. Assuming that the pilots in
this protected time period method were depleted, the carriers then want to give
pilots advance notice to cover any mission or any assignment. They are looking
at 10 hours as the criteria. We don’t believe that to be adequate based upon . . .

Are you talking 10-hour warning?
Ten-hour warning. yes. To do anything.
That would be 100% wrong.

Why?

Well. because the 10 hours could fall sort of toward the beginning of what we call
“clock dependent learning.” There’s no way you could sieep. And then you go
into your duty period at the worse possible time you could have in that situation.

What sort of time would you think would be adequate to give a guy enough time
to get an opportunity to rest so that he would be safer than 10 hours?

Twenty-four hours. At least a day before. Wouldn’t you think? Idon’t see how
you can get notified as the day is beginning and feel you could depend on being
able to take a nap. If it happened every day or somehow you know that you could
certainly get the probability up, but it’s not something that you could ever really
control. Again, there ought to be a better way.

Appendix D, pp. 10-11.
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We're shooting around the subject. I hate to break any of this up. but this
question has been plaguing this committee. The industry keeps harping on the
fact that there should be no difference between the schedule holder who knows
he’s got to fly from midnight to 8:00 a.m. If he can do it safely. why can’t a
reserve that wakes up at the same time in the morning (8:00 a.m. or 6:00 a.m.).
Why is it not safe for this reserve pilot who does it with notice?

I don’t think it’s safe for either pilot. Maybe a little less dangerous in the sense of
performance, etc. But I think at least he has preparation, warning. etc. and knows
his own strengths and weaknesses whereas the other pilot I think is always
without warning and has really no chance to prepare. Idon’t think the two groups
are the same.

Are you implying that the preparation should actually start the previous night?

Yes. If I was going to drive all night, I wouldn’t want someone to tell me that
day.

They're really killing us for making that same argument. I mean we make that
argument across the table and we get smiles and nods of the head and shrugs of
the shoulders from the other side. They say it’s not a valid argument. That’s
always what they come up with.

They say it’s not a valid argument? It is a supremely valid argument. Imean
that’s just like saying down is up.

Appendix D, p. 13.
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¢ o For augmented International operations, a certificate holder may assign
a flight crewmember and a flight crewmember may accept an
assignment for flight time in scheduled air transportation or other
commercial flying as follows:

(1) For single augmentation, the assignment must be scheduled to be
completed within 18 hours after the end of the preceding
Protected Time Period; or

2) For double augmentation, the assignment must be scheduled to
be completed within 22 hours after the end of the preceding
Protected Time Period.

These limitations may be extended up to 2 hours for operational delays.

(f) (1) and (2) augmented crews

Extended flight duty period: additional flight crew - Additional flight crew
afford the opportunity for each flight crew member to reduce the time at the
controls and provide for sleep during a flight duty period. Consequently, with
additional flight crew and an opportunity for sleep, it would be expected that
fatigue would accumulate more slowly. In such circumstances, flight duty
periods can be increased beyond the recommended limit of 12 hours within each
24-hour period. For each additional flight crew member who rotates into the
flight deck positions, the flight duty period can be extended by 4 hours as long as
the following requirements are met: 1) each flight crew member be provided one
or more on-duty sleep opportunities; and 2) when the extended flight duty period
is 14 hours or longer, adequate sleep facilities (supine position) are provided that
are separated and screened from the flight deck and passengers. Controlled rest
on the flight deck is not a substitute for the sleep opportunities or facilities
required for additional flight crew members.

NASATM,{2.3.6,p. 7. '

30



> X—OZtoop>






NASA Technical Memorandum 110404

Principles and Guidelines for
Duty and Rest Scheduling in
Commercial Aviation

David F. Dinges, University of Pennsylvania Medical School, Philadelphia, Pennsylvania
R. Curtis Graeber, Boeing Commercial Airplane Group, Seattle, Washington

Mark R. Rosekind, Ames Research Center, Moffett Field, California

Alexander Samel, and Hans M. Wegmann, DLR-Institute of Aerospace Medicine,
Cologne, Germany

May 1996

National Aeronautics and
Space Administration

Ames Research Center
Moffett Field. Calfornia 940351000



Table of Contents

PrO ACE oo eeeeeesaesueee e atststsa SR SEaE R SRR SRRSO R R SR RS S v
INEPOAUCTON oo onoaonnececesreieseseeasseraraeeanasamnssmansremssssssnnssastssisssssans f e eremeaeeeeeanmtmammnaeeaeaees seesesresrnsaeeas 1
1.0 GENETAl PENCIPIES -ooo...rorossesesessoesosmsessesessrsers o5 o e e oA 2
1.1 Sleep, Awake Time Off, and Recovery are Primary Considerations ..............ccccccoamemmmmaseenenacasnas. 2
111 SIEEP oo eeeemeeeseseesens s tsss s emes s R R R e 2
112 AWaKe HIC Off . ....eoceeeieeeicecnnecscseraemssestmsess s semens s s st s e s on 3
1.1.3 RECOVETY ... v esnascsnesnssnesasssscnssimenananes 3
1.2 Frequent Recovery Periods are Impartant 3
1.3 Time-of-day/Circadian Physiology Affects Sleep and Waking Performance 3
1.4 Coatinvous Hours of Wakefulness/Duty Can Affect Alermess and Performance 4
1.S Human Physiological Capabilities Extend 1 FGht CYEWS . ......ocooeeceeeeercesmaeenrecnensnnamensanerenses 4
1.6 Flight Crews are Made Up of Individuals eeeeetesaveasaceeeessseseeme s et ot onte smae o s s s e smeesn s cese e emsaes 4
1.7 Differences and Variability Preclude an Absclute Solution 4
2.0 Specific Principles, Guidelines, and Recommendations 4
2.1 Off-Duty Period . 5
2 1.1 DefnItON: “Off-QULY™ ... . oooeeeereiseeeseemssrms e msamssssse s et e sca s e e R e eSS 2e s e s e 5
2.1.2 Off-duty period (acute sleep and awake-Gme-Off FEQUINEIDERLS) .o....ceeoevee et L

" 2.1.3 Off-duty period (recovery requirement) ..............ccoceueusieeenenss eeteeemeneanes 5
2.1.4 Off-duty period (following standard flight duty periods during window of circadian low) __.... L)
2.2 DULY PEHOAS .........coceomeereeeescmseuecmeessssansassssesssse s e e R e — 5
2 2.1 DEfRIBON: “AUEY™ ..o eeeeee ez eeeesaescss s aresenssss st EE s s be s SRS SRS e e s e s 5
2.2.2 Definition: “AUIY PETIOB™ ... . ......eeeieecrrcanscaeraress e s s s e 5
22 3 DULY PETIOA ..o ceeaeeeeececmeeemscnsrassaressssss s e asn S L e s 6
2.3 Flight Duty PeriodS .. oceeeeccimenenoees e eeesesasuadiiesanmasaeesas sr e ve S re ey meme et smsmaiens 6
2.3.1 Definition: “flight duty PETIOA™ ..........ocoomeuimiremmmmsniieriessss i sm st eas - 6
232 Definition: “window of circadian Jow™ ...t 6
2.3.3 Standard flight duty period ..o e 6
2.3.4 Extended flight QUL PETIOT ... ..o cssns s e e 6
23,5 Extended flight duty period: restrictions and compensatory off-duty periods ..o, 6
2.3.6 Extended flight duty period: additional flight crew R 7
2.3.7 Flight duty period (CUUIRBLIVE) . ........coooriiieieremmee st s 7
2.4 Exceptions Due 10 Unforeseen Operational CICUMSIANCES ...........ocomeeimnesoscesssssssessisssssssss e sions 7
2.4.1 Reduced off-duty period (EXCEPHON) ......ccvuururmrmmmmmmsinrrmiessssisssssissassseses st stmsansase 8
242 Extended flight duty period (€XCEPHON) .............ooouimenrreesseiesirres st sirssn s 8

2 8 T DA ETONCES oo.ooooeeeeeeeeeeeeeeeeeneeeesemnsasses s cemeceseseasemsins s s Rst s s s bt ab b e 22 s nmme s e sn e e sn e 8

2 6 RESEIVE SIAIIS e eeeeeeetemsesesaeet e ease s R AR s ARt e S a e e s shsran s s e et na: g
2.6.1 Definition: “airport STandby TESCIVE™ ..ot 8
2.6.2 Definition: “on-call reserve™ . _..................... eeeeoeeeeeaastaeesese st st semstan e n e emenmeanmamastasasesansaases 8
2.7 Summary Overview: Guidelines and Recommendations ............cc.vvuvriummmenmscocennsise e 9
3.0 Other INQUSITY SIAIEGICS .........ceoeeeauermcaeeereerss e et s mnnn s b st s e 10
3.1 Education and TTaINING ........cooomeemeieeeeeeaemrensecsesrasinsmersnssssssmtssraserassassasasssensas s ommcs 10
3.2 SChEdUING PrACHCES ...............coeeeremcurcmraessammmsiessnsassst et asassss s bar s s s s St st e 10
3.3 Controlled Rest on the FUght DECK ... sints st sos s oent st mase e 10
3.4 Operational COUNMETIDEASUITS ... ._......c.coumureirrereesseressssssesssssosssssmasse s 8202 e et s e 10

3 S FUtUTE DEVEIOPIIENS ...............eeoemeeereeresecsuesesascsnsmssessssss e ss e s s sams s e a s sen 10



PREFACE

This document is intended to provide scientific input to the issue of duty and rest scheduling of flight crews
in commercial aviation. It is available to any interested party that is addressing these complex issues.

The global aviation industry requires 24-hour activities to meet operational demands. To address this
challenge, a scientific working group with expertise relevant to these demands met to develop principles
and guidelines for duty and rest scheduling in commercial aviaton.

Scientific Working Group Methodology. First, the group identified areas of scientific knowledge
relevant to flight safety. This included identifying areas where relevant data were available and also areas
wbaewsdmdﬁcdancmmﬂycxin&scdmcmmsdwﬁﬁcbwledge.zmdpﬁndpb@wdy
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were developed. There was no intention to create regulatory policy. This was beyond the scope of the
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industry. Therefore, other industry strategies are suggested to complement the duty and rest scheduling
guidelines. Throughout this process, input was obtaired from individuals with extensive operational
Scientific Basis for Principles and Guidelines. The scicatific working group was composed of
scientists actively involved in examining these issues in aviation settings. The group intends to produce two
documents based on their work. This first document is intended to be concise, to be focused on operational
considerations, and to provide scientific input to this complex issue. The second document will follow and
will provide the specific scieatific references that support the principles and guidelines outlined here. This
second document will be longer and will focus on the scientific considerations related to these issues. It is
planned that an initial draft of this second document will be available within approximafely 12 months.
Implementation. It is acknowledged that implementation of these principles and guidelines may

require additional considerations. These considerations include economic, legal, cosybenefit, and other
factors. It was beyond the scope of the scientific working group to address these issues, and they are left
to appropriate operational and regulatory expertise for deliberation.

The scientific working group met as individuals and not as representatives of any organization or of a
particular position on any issue. Therefore, the views and opinioas expressed in this document are those
of the scientific working group and do not necessarily reflect those of any organization.

In alphabetical order, the scientific working group included: David F. Dinges,Phd, R. Curtis Gracber,PhID,

Mark R. Rosekind, PhD, Alexander Samel,PhD, and Hans M. Wegmann,MD To refer questions about
this document to the scientific working group, please us¢ either of the following points of contact:

Mark R. Rosekind, Ph.D. Hans M. Wegmann, M.D.

NASA Ames Research Center DLR-Institute of Acrospace Medicine
Mail Stop 2624 Linder Hoehe

MofTent Field, CA 94035-1000 D-51147 Koeln

(415) 604-3921 (Office) Germany

(415) 604-3729 (Fax) 49 2203 601 1 ext. 3667 (Office)

49 2203 696 372 (Fax)



Principles and Guidelines for
Duty and Rest Scheduling in Commercial Aviation

David F. Dinges, R. Curtis Graeber, Mark R. Rosekind,
Alexander Samel, and Hans M. Wegmann
(in alphabetical order)

- INTRODUCTION

Twenty-four Hour Requirements of the Aviation Industry

The aviation industry requires 24-hour activitics 10 meet operational demands. Growth in global long-
haul, regional, overnight cargo, and short-haul domestic operations will coatinue to increase these
round-the-clock requirements. Flight crews must be available to support 24-hour-a-day operations to
meet these industry demands. Both domestic and international aviation can also require crossing multiple
time zones. Therefore, shift work, night work, irregular work schedules, unpredictable work schedules,
and time zone changes will continue to be commonplace componeats of the aviation industry. These
factors pose known challenges to human physiology, and because they result in performance-impairing
fatigue, they pose a risk to safety. It is critical 10 acknowledge and, whenever possible, incorparate
scientific information on fatigue, human sleep, and circadian physiology into 24-hour aviation
operations. Utilization of such scientific information can help promote crew performance and alertness
during flight operations and thereby maintain and improve the safety margin.

_ Challenges to Human Physiology

Throughout aviation history, operatichal capabilities and technolegy have evolved dramatically, while
human physiological capabilities have not. Flight operations can engender fatigue, sleep loss, and
circadian disruption and these physiological factors can result in decreased performance and reduced
alertness during operations. Over the past 40 years, scientific knowledge about sleep, circadian
physiology, sleepiness/alertness, and the performance decrements associated with these factors has
increased significantly. Scientific research has extended its examination of these factors © opcm:ona]
environments, including field and simulator studies. These studies have confirmed the presence in
aviators of performance-impairing fatigue resulting from the sleep loss, circadian disruption, and
workload engendered by current flight and duty practices.

Humans are central to aviation operations and continue to perform critical functions to meet the
24-hour requirements of the industry. Therefore, human physiological capabilities, and limitations,
remain crucial factors in maintaining safety and productivity in aviation.

Principles Based on Scientific Knowledge

Though research on fatigue, sleep and circadian physiology, and shift work schedules has generated
an extensive body of scientific knowledge, the application of this information to the requirements of
opcranonal settings is relatively new. While acknowledgment of this scientific information is
increasing, its transfer to operations (¢.g., scheduling, regulatory considerations, personal strategies,
countermeasures) offers the greatest potential for its benefit. Current federal regulanons and industry
scheduling practices rarely acknowledge or incorporate such knowledge. The primary purpose of this



document is to outline scientifically-based principles that can be applied to the duty and rest scheduling
requirements of the aviation industry.

Shared Responsibility

There is no one absolute or perfect solution to the demands of duty and rest scheduling in aviation. It
is critical that safety be acknowledged as a shared responsibility among all the industry partcipants.
Each component of the aviation system should be examined for avenues to incorporate scientific
infmmﬁonmdmapplygtﬂdcﬁnuandsmgiesdmwmmaﬁnﬁupafammocaxﬂdmdming
flight operations. Regulatory considerations, scheduling practices, personal strategies, and technology
design are specific components of the industry that could be subject to such an examination.

Mdmmmpmmshmpluaﬁmumqummnisdoamemkfmedm
scientifically-based principles and guidelines for duty and rest scheduling. However, it is acknowledged
ﬂm:egnhnyacﬁouinvdmmyconﬁdulﬁmmchsmm.mdeﬁm Itis
thcmrmofthisdoammardwmtsdaﬁﬁcm&rmaﬁonbewnﬁduadhmemgmmdanm

“Safe” can be Difficult to Quantify
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lmywmvﬁemcbmmvuhﬂcmaﬁmmnfeopmﬁommaviadmhduwymdﬂymg
publicdcrmndahighmarginofsafctymdm:hmdmcy.Annngmodsofuanspomﬁon.mcaviaﬁon
industry’s reputation for safety is well-deserved. As many segments of the industry increase their
activities, as technology enables longer flights, and as overall growth continues, the challenge will be
maintain, and where possible, improve the safety margin. The fatigue factors addressed in these principles
can create 2 vulnerability for decrements in performance and alertness that can reduce the safety margin.
Guidelines designed to specifically address these factors can help to minimize this vulnerability.

Objectives

The primary objective of this document is to provide empirically derived principles and guidelines for
duty and rest scheduling in commercial aviation. In the first section, scientifically-based principles
related to operational issues posed by the aviation industry are outlined. In the second section, the
principles are applied to guidelines for duty and rest scheduling in commercial aviation, with specifics
provided where appropriate and available. In the third section, a brief overview of other potennial
industry strategies to address these issues is provided.

1.0 GENERAL PRINCIPLES

1.1 Sleep, Awake Time Off, and Recovery are Primary Considerations

1.1.1 Sleep— Sleep is a vital physiological need. Sleep is necessary to maintain alertness and
performance, positive mood, and overall bealth and well-being. Each individual has a basic sleep
requirement that provides for optimal levels of performance and physiological alertness during
wakefulness. On average, this is 8 hours of sleep in a 24-hour period, with a range of sleep needs
greater than and less than this amount. Losing as little as 2 hours of slecp will result in acute sleep
loss, which will induce fatigue and degrade subsequent waking performance and alertness. Over
days, sleep loss—any amount less than is required—will accrue into 2 cumulative sleep debt. The
physiological need for slecp created by a deficit can only be reversed by sleep. An individual who



has obtained required sleep will be better prepared 1o perform after long hours awake or ahered
work schedules than one who is operating with a sleep deficit

1.1.2 Awake time off- Fatigue-related performance decrements are traditionally defined by
declines in performance as a function of time spent on a given task Breaks from continuoas
performance of a required task, such as monitoring, are important 1o maintain consistent and
appropriate levels of performance. Therefore, awake time off is introduced here to describe time
spent awake and free of duty. Thus both awake time off and sleep are needed to ensure opimum
levels of performance. ' _

1.1.3 Recovery- Recovery from an acute sleep deficit, cumulative sleep debt, prolonged
performance requirement, or extended hours of continuous wakefulness is another impartant
consideration. Operational requirements can engender each of these factors and it is importnt that a
recovery period provide an opportunity to acquire recovery sleep and to re-establish normal levels of
performance and alertness.

Required sleep and sppropriate awake time off promote performance and alertness. These are
especially critical when challenged with extended periods of wakefulness (i.e., duty) and circadian
disruption (ie., altered work/rest schedule). Recovery is important to reduce cumulative effects

and #o return an individual to usual levels of performance and alertness.

1.2 Frequent Recovery Periods are Important

More frequent recovery periods reduce cumulative fatigue mare cffectively than less frequent ones.
For example, weekly recovery periods afford a higher likelihood of relieving acute fatigue than
monthly recovery periods. Consequently, guidelines that ensure minimum days off per week are
critical for minimizing cumulative fatigue effects over longer periods of time (e.g., month, year).

1.3 Time-of-@a§’Circadian Physiology Affects Sleep and Waking Performance

There is a clock in the human brain, as in other organisms, that regulates 24-hour patterns of body
functions. This clock controls not only sleep and wakefulness alternating in paralie] with the
environmental light/dark cycle, but also the oscillatory namure of most physiological, psychological,
and behavioral functions. The wide range of body functions controlled by the 24-hour clock includes
body temperature, hormone secretion, digestion, physical and mental performance, mood, and many
others. On a 24-hour basis, these functions fluctuate in a regular pattern with a high level at one time
of day and a low level at another time. The circadian (circa = around, dies = day) pattern of
wakefulness and sleep is programmed for wakefulness during the day and sleep at night. The
circadian clock repeats this pattern on a daily basis. Certain hours of the 24-hour cycle, that is 0200 to
0600, are identified as a time when the body is programmed to sleep and during which performance
is degraded. Time-of-day or circadian effects are important considerations in addressing 24-hour
operational requirements because circadian rhythms do not adjust rapidly to change.

For example, an individual operating during the night is maintaining wakefulness in direct opposition
to physiological programming to be asleep. Physiological, psychological, and behavioral functions are
set by the circadian system to a low status that cannot be compensated by being awake and active.
Conversely, the same individual sleeping during the day is in direct opposition to physiological
programming to be awake. The circadian system provides a high level of functioning during day that
counteracts the ability to sleep. Thus, circadian disruption can lead to acute sleep deficits, cumulative



sleep loss, decreases in performance and alertness, and various health problems (e.g., gastrointestinal
complaints). Therefore, circadian stability is another consideration in duty and rest scheduling.

1.4 Continuous Hours of Wakefulness/Duty Can Affect Alertness and Performance

Extended wakefulness and prolonged periods of continuous performance or vigilance on a task will
engender slecpiness and fatigue. AcToss duty periods, these effects can accumulate further. One
approach to minimize the accumulation of these effects is to limit the duty time (i.e., continuous hours
of wakefulness during operations). Acute effects can be addressed through daily limitations while

- cumulative effects can be addressed by weekly lin jons. There is more scientific data available to
Wgﬁddhafumwﬁmimﬁommmmdaunﬁncspwiﬁcmmﬂaﬁwﬁnﬂnﬁommm
cumulative limitations (weekly andbeymd)remainmimpa'mmaonsiduaﬁonformininﬁzhg
accumulation of fatigue effects.

1.§ Human Physiological Capabilities Extend to Flight Crews

Fatigue has its basis in physiological limits and performance deficits reflect these physiological limits.
Flight crews’ human physiology is not different from that of other humans. Therefore, it must be
expected that the same fati gue-producing factors affecting performance and alertness in experimental
subjects, physicians on-call, shift workers, military personnel, and others also affect flight cews. It
follows that scientific findings relevant to human physiological capabilities and perfarmance deficits
from fatigue, sleep loss, and circadian physiology extend to flight crews.

1.6 Flight Crews are Made Up of Individuals

There are considerable individual differences in the magnitude of fatigue effects on performance,

physiological alermess, and subjective reports of faigue. These differences extend to the effects of

sleep loss, night work, and considerations of required sleep and recovery time for an individual.

Individual differences can vary as a function of age, sleep requirement, experience, overall bealth, and

other factors. Individuals can also vary in their participation in off-duty activities that engender fatigue

during a subsequent duty period (¢.g., commuting across long distances immediately prior © starting
a duty period).

1.7 Differences and Variability Preclude an Absolute Solution

It must be acknowledged that the aviation industry represents 2 diverse range of required work
demands and operational environments. Sections 1.5 and 1.6 highlight the diverse situations and
individuals that are encompassed by generalized guidelines. This further illustrates that guidelines and
regulations cannot completely cover all personne] or operational conditions and that there is no single
absolute solution to these issues.

2.0 SPECIFIC PRINCIPLES, GUIDELINES, AND RECOMMENDATIONS

The following are specific principles, guidelines, and recommendations to address the 24-bour duty
and rest scheduling requirements of the aviation industry. These principles and guidelines, based on
the General Principles introduced in section 1.0, are intended to provide a consistent margin of safety
across aviation operations. Therefore, they are intended for application to minimum flight crew
complements of two or more. Similarly, they are intended for consistent application across Part 121
and Part 135 operations. There is no scientific basis to differentiate between these operations. These



specific principles and guidelines also apply across all flying duty of flight crew members required to
perform Part 91 or military flight operations before or afier scheduled commercial operatioas.

In order to provide specific guidelines, it is necessary w define the terms used in these guidelines.
Altering these definitions may invalidate the principles that follow.

2.1 Off-Duty Period

2.1.1 Definition: “off-duty”- A continuous period of uninterrupted time during which a crew
member is free of all duties.

2.1.2 Off-duty period (acute sleep and awake-time-off requirements)- The off-duty
mmmr«mmmmmwduoﬁdmymnm _
s-hmndecpoppamnity.lhcgcnaﬂpﬁndpiudmiydesaihedmmmﬂxpdcﬁc&mda
cumulative sleep debt can degrade performance and alertness. Also, it should be recognized that an
appropriate “spin down” time may be required 1o fall asleep. The second componeat is awake time
off, an opportunity to break from the continuous performance of required tasks. The third
compomntistbcothcracﬁvitianmsarydmingmoﬁ'-duty period. These other necessary
activities can include transportation to and from layover accommodations, hotel check in/out, meals,
shower, and personal hygiene. Therefore, the off-duty period should be a minimum of 10 bours
uninterrupted within any 24-hour period, to inclode an 8-hour sleep opportunity, awake time off,
and time for other necessary activities. (In the case of extended flight duty period, see section
2.3.5)

2.1.3 Off-duty period (recovery requirement)- The general principles outline the
importance of recovery to minimize the cumulative effects of sleep loss and fatigue. Two
consecutive nights of usual sleep is a minimum requirement to stabilize sleep patterns and return
waking performance and alermess to usual levels. Two consecutive nights of recovery sleep can
provide recovery from sleep loss. Therefore, the standard ofT-duty period far recovery should be
a minimum of 36 continuous hours, to include two consecutive nights of recovery sleep, within a

7-day period.

2.1.4 Off-duty period (following standard flight duty periods during window of
circadian low")- Extensive scieatific research, including aviation data, demonstrate that
maintaining wakefulness during the window of circadian low is associated with higher levels of
performance-impairing fatigue than during daytime wakefulness. Therefore, flight duty periods that
occur during the window of circadian low have a higher potential for fatigue and increased require-
ment for recovery. It is recommended that if two or more flight duty periods within a 7-day period
encroach on all or any portion of the window of circadian low, then the standard off-duty period (36
continuous hours within 7 days) be extended to 48 hours recovery.

2.2 Duty. Periods

2.2.1 Definition: “duty”- Any task a crew member is required by the operator to perform,
including flight time, administrative work, training, deadheading, and airport standby reserve.

2.2.2 Definition: “duty period”- A continuous period of time during which tasks are
performed for the operator; determined from report time until free from all required tasks.

* For definition of “window of circadian low,” see section 232
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2.2.3 Duty period- To reduce vulnerability to performance-impairing fatigue from extended
hours of continuous wakefulness and prolonged periods of continuous performance requirements,
cumulative duty per 24 hours should be limited. It is recommended that this limit not exceed

14 hours within a 24-hour period. (In the case of additional flight crew, se¢ section 2.3.6.)

2.3 Flight Duty Periods

2.3.1 Definition: “flight duty period”- The period of time that begins when a crew member
is required to report for a duty period that includes one or maore flights and ends at the block-in
time of the final flight segment. At a minimum, this period includes required pre-flight activities
and flight time. _

2.3.2 Definition: “window of circadian low”- The window of circadian low is best
sﬁmandbydwhmbamﬂﬂbmd%&)fahﬁﬁdmkadapwdmamﬂday-mwmm-
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performance, alertness, subjective report (e., peak fatigue), and body temperature. For flight duty
pc:iods:I:ma'oss3crfewcrﬁmezom.d1cwindowofchudimlowis&sﬁmedtobc02tDn
OGCK)hom:-basc!cbmicﬂcﬁn:.Fa'fﬁgindutypaiodsdmm4ormoreﬁnxmes.thewindow
of circadian low is estimated o be 0200 to 0600 home-base/domicile time for the first 48 hours oaly.
Aﬁaamwmcmbammﬁmmchn“hmawayﬁomhomc—basddomidk,mcwindowof
circadian low is estimated to be 0200 to 0600 referred to Jocal time at the point of deparmure.

2.3.3 Standard flight duty period- To reduce vulnerability to performance-impairing fatrigue
from extended hours of continuous wakefulness and prolonged periods of continuous performance
requirements, cumulative flight duty per 24 hours should be limited. It is recommended that for
standard operations, this cumulative flight duty period not exceed 10 hours within a 24-bour
period. Standard operations include muldple flight segments and day or night flying.

2.3.4 Extended flight duty period- An extended cumulative flight duty period should be
limited to 12 hours within a 24-hour period to be accompanied by additonal restrictions and
compensatory off-duty periods. This Hmit is based on scientfic findings from a variety of sources,
including data from aviation, that demonstrate a significantly increased vulnerability for
performance-impairing fatigue after 12 hours. It is readily acknowledged that in current practice,
flight duty periods extend to 14 hours in regular operations. However, the available scientific dara
support a guideline different from current operational practice. The dag indicate that performance-
impairing fatigue does increase beyond the 12-hour limit and could reduce the safety margin

2.3.5 Extended flight duty period: restrictions and compensatory off-duty periods—
If the cumulative flight duty period is extended to 12 hours then the following restrictions and
compensatory off-duty periods should be applied.

A. Cunulative effects: maximun cunulative hours of extension. Over time, extended flight duty
periods can result in cumulative effects of fatigue. To support operational flexibility and still
minimize the potential for cumulative effects, it is recommended that extended flight duty periods
can be scheduled for a cumulative total of 4 hours within a 7-day period. For example, there could
be two 2-hour extensions of the standard 10-hour flight duty period (2 x 2 = 4 hr) or four 1-hour
extensions (4 x 1 = 4 hr).

B. Flight dusy periods during window of circadian low. As described in Section 2.1.4, the
window of circadian low (as defined in Section 2.3.2) is associated with higher levels of



performance-impairing fatigue. Therefore, it is recommended that in a 7-day period, there be no
extended flight duty period that encroaches on any portion of the window of circadian low.

C. Restricted number of landings during window of circadian low. If an extended flight duty
period contains a single continuous block-to-block flight period greater than 10 hours that
encroaches on any portion of the window of circadian low, then it is recommended that flight crew
members be restricted to no additional landings following the flight.

D. Recovery: compensatory off-duty period. To promote recovery from the acute fatigue
moda&duid:meandadﬂightdﬂypakﬁ,aﬂdiﬁmloﬁ-wqﬁmkmﬂdm
subsequent lO-hommqﬁmddT—dmypuiodsbmﬂdheamdedbyﬂxﬁmdmﬁonoﬂheﬂigh
duty period extension. Pacmnplc,ancxtendeadﬂigl:dntypaiodoflljhomswouldbe
mpadedbydacsubseqmtoﬁdutypaiodbeingexmdedw 11.5 hours.

2.3.6 Extended flight duty period: additional flight crew- Additional flight crew afford
momﬁqhmmmwmmmumummmmhd@
dnringaﬂightdntypuiod.Conseqmdy,vdﬂ:addiﬁmﬂﬂightmwandmoppa’mnhyfudeep.
hwﬂdmmmn&ﬁgmmhmmmwmﬂwly.hmmmﬁgm&ny
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For each additional flight crew member who rotates into the flight deck positions, the flight daty
paiodmnbeex@ndby4howsasbngasﬂm=fonawingrequircmcmsmml)cachﬁigh
awmanbubcpw&dmcamcm-&nydeepoppannﬁﬁﬁ;uﬂnwhmmeum&dﬂigm
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a substitute for the sleep 0ppmuniticsorfacﬂjticsrequiredfa'additional flight crew members.

If an extended flight duty period is increased according to the above requirements, the maximum
flight duty period limit supersedes the 14-hour duty period limit (section 22).

2.3.7 Flight duty period (cumulative)- A 24-hour cumulative flight duty period limit, a
minimum off-duty period per 24 hours, and a specified off-duty recovery period per 7 days focus
specifically on short-term vulnerabilities and considerations. To minimize fatigue that is not
compensated by short-term recovery and to reduce excessive accumulation across longer periods
of time, cumulative flight duty period himitations are recommended. There is not sufficient
scientific data to provide specific guidance in this area. However, the general principles apply. For
example, when determining cumulative flight duty limitatioas, shorter time frames should be
considered. Therefore, in addition to 30-day and yearly cumulative flight duty period limitations, a
2_week limit should also be set. Also, these cumulative flight duty period limitations should be
adjusted downward across the longer time period. Rather than just multiplying the 2-week
cumularivcﬂightdutypaiodﬁmimﬁmwcalmhmmcw-daymdywiymthcw&y
amount should be decreased a percentage from the 2-week amount The yearly cumulative flight
duty period limitation shomdbcdccmsedapcmcntagcﬁomthcw-daymmmtmiswﬂlﬁmha
reduce the potential for long-term accurnulation of farigue factors.

2.4 Exceptions Due to Unforeseen Operational Circumstances

Exceptions allow the flexibility needed to respond to unforeseen circumstances beyond the control
of the operator that occur during operations. They are not intended for use in regular practice.
These exceptions must not be scheduled.



2.4.1 Reduced off-duty period (exception)- To support operational flexibility, it is
recognized that due to circumstances beyond the control of the operator, it may be necessary to
reduce an off-duty period to 9 hours. This reduction would occur only in response to an
unforeseen operational requirement. In this situaton, the subsequent off-duty period should be
extended to 11 hours.

2.42 Extended flight duty period (exception)- To support operational flexibility, an
cxt’cndedﬂightdutyperiodcanbeincmsedbyuptoama:dmumonhoursdmtounfmn
circumstances beyond the control of the operator. The subsequent required off-duty period should
bcincreasedbythctimcbywhidnheﬂighmutypaiodisinausad.
2.8 Time Differences
mgmml.melongmﬂigmaewmcmbaisawayﬁomuiem-bawamﬁcﬂemmmm
recovery time is needed for readjustment back to home-base/domicile time. Therefore, it is
moommendedthatforﬂightdutypaiodsmncmss4ormﬁmczoncs,andﬂwinvolvc48homscr

meawayfromthcbome-basddomicﬂctimcmgamixﬁmumofﬂbomoﬁ‘-dmybcanowedupon
return to home base/domicile time.

2.6 Reserve Status

Flight crew members on reserve status provide a critical element to operational flexibility and the
oppmw.nitytomcctnnanﬁcipawdnwdshisimpammmaﬂightmwmcmbasmmsnms
obtain required sleep prior to a flight duty period.

2.6.1 Definition: “airport standby reserve”- A reserve flight crew member required to be
available (on standby) at an airport for assignmeat to a flight dury period.

An airport standby reserve flight crew member should be considered on duty and the previous duty
period guidelines apply.

2.6.2 Definition: “on-call reserve”- A reserve flight crew member required to be available
to an operator (away from the airport) for assignment to a flight duty period

On-—call reserve status should not be considered dury. However, it is important that the flight crew
member has an opportunity to obtain sleep priar to an assigned flight duty peried. Two specific
principles should be applied. The flight crew member should be provided a: 1) predictable and 2)
protected 8-hour sleep opportunity. “Predictable” indicates that the flight crew member should have
prior information (24 hours notice is recommended) as to when the 8-hour sleep opportunity can be
obtained within the 24-hour on-call reserve time. The 8-hour sleep opportunity should not vary by
more than 3 hours on subsequent days to ensure circadian stability. “A protected 8-hour sleep
opportunity” should be protected from interruption by assignment to a flight duty period. Any
approach that meets the requirements of these two principles could be utilized.



2.7 Summary Overview: Guidelines and Recommendations

Figure 1 provides a summary overview of the guidelines and recommendations discussed in

this document.
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Figure 1. Summary overview of guidelines and recommendations.




3.0 OTHER INDUSTRY STRATEGIES

A general principle previously stated is that addressing issues of fatigue, sleep loss, and circadian
disruption in the aviation industry is 2 shared responsibility. These principles and guidelines for duty
and rest scheduling are intended to provide scientific input to the regulatory process that addresses
these issues in aviation. However, there is no single solution to the challenges posed by the 24-hour
demands of the aviation industry. To highlight this shared responsibility, several other industry
strategies for addressing these issues will be described. These are intended to complement the
recommendations listed above.

3.1 Education and Training
Anh:pa‘untﬁrststepfarﬂxinﬂ:myismbecomcinformedaboutmccxtcnsiveknowledgenow
wﬂ:ﬂemprding&ﬁpe.sbp,mdehmdhnph;yﬁobgyuitmhmmpafmmmdwhﬁon
mmmmmmummadhwdaﬂymﬁon&mmfmﬁmmbc
useful in providing specific recommendations for personal strategies to manage performance and
ﬂminﬂigbxopulﬁm&Edtmﬁonmdminingmodulestomectdﬂsneedmavaﬂablcand
currently implemented successfully within the industry.

3.2 Scheduling Practices

The scientific information available can be particularly useful in guiding rational and physiologically-
based scheduling practices. Scheduling is a complex and multi-determined process. However, it is
possible and essential to include scientific data on human physiology as a factor for consideration.
Obviously, priorities need to be established, and cost/benefit considerations are critical. There are
examples of successful integration of scientific information on fatgue into schedule construction.

3.3 Controlled Rest on the Flight Deck
Scientific data obusined during flight operations have clearly demonstrated the effectiveness of a
planned cockpit rest period to promote performance and alermess in nonaugmented long-haul flight
ions. Controlled rest is a single operational strategy and is not an answer to all fangue
engendered by flight operations. It is absolutely not intended as a substmte for additional flight crew,
. are rest facilities, or as support for extended duty. All possible strategies that mainiain of
improve the safety margin should be considered.

3.4 Operational Countermeasures

A variety of other strategies for use during flight operations should be examined and utilized where
appropriate. This includes the design and use of technology to promote performance and alertness
during operations. Varying work demands or other creative uses of flight deck automation could be
developed to maintain alertess and performance. Several activities in this area are underway with
some successful applications currently in use.

3.5 Future Developments

There are a number of other possibilities that are in different stages of development. Provocative
laboratory studies of several countermeasures are often cited. However, validation of their effectiveness
and safety in operational settings is still needed prior to widespread implementaton. Research contnues
and may provide further findings on countermeasures relevant to regulatory, scheduling, personal
strategies, and technology approaches to manage alertness in aviation operatons.
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An Overview of the Scientific Literature
Concerning Fatigue. Sleep, and the Circadian Cycle

Introduction

This document provides a brief review of the scientific research relating to issues of puot fatigue
arising from crew scheduling practices. A massive amount of research has been conducted on
such issues as the environmental conditions that contribute to the occurreace of fatigue, acute and
chronic sleep debt and their effects on performance, and the influence of the circadian cycle on
alertness. This paper attempts to ideatify major trends in this literature that might be of value in
addressing scheduling regulatory issucs.

The paper is organized into seven sections. The first section, “What is Fatigue,™ attempts to
provide a functional definition of fatigue that serves to define the scope of issues that need to be
considered, including variables that contribute to the occurrence of fatigue and methodologies for
assessing the impact of fatigue on human functioning. '

Section two, “Indications and Effects of Fatigue,” briefly reviews the human performance and
physiological indicators of fatigue. The intent is to identify possible decrements in performance
that could have a safety impact. This section also briefly addresses the complexities involved in
measuring fatigue levels. As this secton explains, fatigue is a complex concept that does not
always produce expected measurable decrements in performance.

Section three. “Fatigue and the Aviaton Environment.” addresses the issue of faugue within the
aviation environment. Before changes are made to existing regulations, the question of whether
there is a problem that needs to be resolved should be addressed. Available research on the extent
of fatigue withun the aviation cpvi.ronmcnt 1s reviewed. In addition. factors that complicate the
assessment of the extent of the fatgue problem in an operational environment are also descrbed

A pilot’s level of alertness at any time depends upon a complex interaction between a number of
variables. Four variables, in particular, need to be considered: ume on task, time since awake, any
existing sleep debt, and the pilot's own circadian cycle. Section four, “Standard Duty Period,” '
describes the research trends pertaining to ime on task and ume since awake while section five,
“Standard Slecp Requirements,” addresses acute and chronic sleep debt, including
recommendations for sleep debt recovery. Section six, “The Circadian Cycle and Fatigue,” which
looks at the research on circadian cycles and their implications for back-of-the-clock and
transmendian flying. Finally, section seven, “Augmented Crews.” looks at the limited data on the
use of augmented crews to extend duty periods.
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What Ls Fatigue

The objective of the regulations proposed in the NPRM is to idenufy scheduling constraints that
will minimize the impact of pilot fatigue that arises from duty ume and sleep debt due to crew
schedules. The term. “fatigue,” has yet to be defined in a concrete fashion (Maher & McPhee,
1994); Mendelson, Richardson & Roth, 1996). Fatigue. as addressed in the human performance
literature. refers to “deterioration in human performance, arising as a consequence of several
potential factors, including sleepiness™ (p. 2). Sleepiness, in contrast, has a more precise
definition: “Sleepiness, according to an emerging conseasus among sleep researchers and
clinicians, is a basic physiological state (like) hunger or thirst Deprivation or restriction of sleep
increases slecpiness and as hunger or thirst is reversible by eating or drinking, respectively, sleep
reverses slecpiness™ (Roth et al., 1989, cited by Mendelson, Richardson & Roth, 1996, p. 2).

In kecping with curreat thinking on the concept of fatigue, Maber and McPhee's approach is used
bere:

“Fatigue” must continue to have the status of a hypothetcal construct, an entity
whose existence and dimensions are inferred from antecedent and consequent
events or variables™ (p. 3-4).

This roeans that fatigue is treated as a concept that occurs in response to predefined conditions
and has physiological and perforrance consequences. The antecedent conditions of interest bere
include:

o Time on task, including flight time and duty penod duration
o Tume since awake when beginning the duty penod

e Acute and chronic sleep debt

o Circadian disruption. multiple time zones, and shift w 2rk

The objectives of this document are to review the scientific research 1n order to:

e Identify the impact of these antecedent vanables on human performance
o Relate these vanables to appropriate physiological measures that have been demonstrated
to be accompanied by decrements in human performance
Identify. to the extent possible, limitations and requirements concerning duty period durations,
minimum sleep requirements, etc. that should be reflected in the regulations.
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Indications and Effects of Fatigue

The massis e literature on fatigue has identified a number of symptoms that indicate the presence
of fatigue, including: increased anxiety. decreased short termn memory. slowed reaction time,
decreased work efficiency. reduced motivational drive. decreased vigilance, increased variability
in work performance, increased errors of omission which increase to commission when time
pressure is added to the task, and increased lapse with increasing fatigue in both number and
duration (Mohler, 1966; Dinges, 1995). Many of these symptoms appear oaly after substantial
levels of sleep deprivation have been imposed. A review of the literature that involved fatigue
levels likely to be expericaced by pilots suggests that a common fatigue symptom is a change in
the level of acceptable risk an individual will tolerate. .

Brown et al. (1970) bad subjects drove for four 3-hour sessions. The performance measure used
was a count of the number of occasions in which the subject executed what the experimenter
considered a risky passing mancuver. When driving perforrance between the 1st and 4th sessions
were compared, a SO% increase in the occurrence of risky passing maneuvers in later sessions,
when subjects were presurnably more fatigued, was obtained.

This change in the level of acceptable nisk was confirmed by Barth et al. (1976) and
Shingledecker and Holding (1974) who found that fatigue caused subjects to engage in greater
risk taking activity in an effort to avoid additional effort. In the Shingledecker and Holding study,
subjects performed 36 choice-of-probability (COPE) tasks, which involved locating a fault in one
of three removable banks of one-wan resistors, each with varying degrees of probability that the
bank had faled. Twenty-eight days separated the first and last three sets of six trial blocks. In this
interim. the experimental group received 24 to 32 hours of continuous work on different
morutoring-type fatiguing tasks immediately preceding the second mal block set, while the
control group did not. The experimental group was found to shift their selections toward niskier,
but less effortful strategies. and made more errors when compared with their own non-fatigued
results or control group results. Also. subjects who reported they were ured. although not exposed
to tntentionally fatiguing activities, behaved similarly. Barth et al. performed a simular
expenment. except that faugue was induced by either a vanable pitch/spesd bicycle ergometer or
a readmull. '

In the aviation domain, this strategy of avoiding effort when fatigued bas recently been reported.
Neri et al. (1992) found a change in strategy toward nisk taking in naval pilots during camer
landings. Risk taking behavior also appears in the form of over reliance on automated systems
(Graeber, 1988). This increased passivity, which takes the form of a mental aversion to or
avoidance of further effort, is common in both the sleep deprived state and when the individual is
expenencing the diumal low point for body temperature during the circadian trough (Hamilton et
al.. 1972).

A report of some of the occurrences moments before the crash of the awrcraft carrying Commerce
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Secretary Ron Brown further illustrates the type of inaction typical of fatigue (Newman, 1996).
Although the pilots detected an error on approach a full minute before the crash, they made no
attempt to correct the efror—a common characteristic of fatigue. This is due to a reduced level of
adherence to one’s normal standard and a reduced ability to cognitively make a connecuon
between cause and effect. One may recognize a problem but not translate its effect due to lack of
full comprehension of the situation or simple failure to initiate an action.

Related evidence exists that fatigued workers are satisfied with lower performance and that
perceived errors go uncorrected. There is a “loss in the ability of the worker to perceive and
adjust to new &spectsofthetask_‘l‘hemkﬂsectmmnblcloshiﬁquicklyandeffectivelyfrom
one subpart to another” (Broadbent, 1953; of. Horne, 1988). The latter quality has beea found to
be a factor when aircraft crews are concentrating oa one probiem and allow other problems to
develop due to neglect

In the case of the 1985 China Airlines Flight 006 mishap, the pilot became focused on the loss of
power in one engine, neglecting other flight duty tasks. Major structural damage and 2 serious
injuries occurred when the aircraft experienced more than S g's during its uncontrolled descent
from 31,000 feet to 9,500 feet, before control was regained (Lauber & Kayten, 1988).
Contributing fatigue factors to the accident were the Captain’s failure to properly monitor the
airplane’s flight instruments, over-reliance on the autopilot after the loss of thrust due to eagine
failure, and performance of duties during the Caplain’s circadian trough. The accident occurred 4
to S hours after the time he had been beginning sleep during the 6 nights preceding the accident.

In the Guantanamo Naval Base accident, the pilot was so focused on finding a strobe light that he
failed to respond to other crew members’ warnings that they were approaching a stall speed
NTSB Aircraft Accident Report, 1993). In an investgation of Air Force C-5 mushaps or near
mushaps. it was reporied that 55 percent were related to anenuonal focus problems and 24 percent
10 decision making problems (Majors, 1984).

" Some symptoms of fatigue are similar to other physiological conditions. For example. with
fatigue one's ability to anend to auxiliary tasks becomes more nartow, very much analogous to
the effects of alcohol (Huntey et al., 1973; Moskowitz, 1973). hypoxia (McFarland 1953), and
heat stress (Bursill, 1958). Dawson and Reid (1997) evaluated perforrance after 17 bhours awake
and found performance degraded to a level equal to that caused by a blood alcohol concentration
(BAC) of 0.05 percent. At 24 bours, performance decrements were equivalent to that of 2 0.10
BAC. After ten hours of sleeplessness, the decline in performance averaged .74 percent per hour.

Finally. Harrison and Horne (1979) found that sleep loss resulted in a difficulty of generating the
ideal word or phrase for the idea or thought the person wanted to convey. In addition, there was a
loss in intonation and an overall dullness which suggested loss of interest. The authors suggest
that this may very well result in personal communication problems in real life situauons.
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Effects of Fatigue and Sleep Loss on the Brain

Sleep1s mainly a restorative process for brain function. Home (1991) states that this restoration s
primarily a function centered on the cerebral cortex of the brain. This is consistent with the
findings of Perelli (1980), who found that a high time since awake significantly increased the
threshold for information processing. Premitis (1981) found that dominant EEG frequencies in
power plant operator shift workers showed a progressive decline, with each shift beginning in the
morning and continuing to night shift. Moming shift employees showed EEG readings of 12-30
Hz, evening shift workers 6-12 Hz, and those on duty during the night shift, 2-6 Hz Gevens et al.
(1997) has shown that observable performance decrements are preceded by observable EEG brain
wave changes that clearly indicate decreasing attentional focus. These EEG changes are
observable some time before noticeable performance decrements occur. Howitt et al. (1978)
measured EEG activity in operational pilots and found that under high workload situations the
fatigued pilots’ EEG rose to only half the level of those displayed by fresh pilots.

Another physiological measure of fatigue and sleep is brain glucose levels. All tissue of the body.
whetber it be heart muscle, kidneys, lungs, o the brain, works electrochemically, and conforms to
one principle: the more work done, the more fuel used. Thus, by measuring glucose utilization,
oxygen consumption, and blood flow in the brain, areas which are very active during various
tasks can be determined.

Thomas et al. (1993). using positron ermussion topography (PET) scan has provided strong
physiological evidence that slecp loss is accompanied by a decrease in brain glucose metabolism.

_The areas most involved were the prefrontal cortex, the infenor parietal cortex, and thalamus.
Dunng 48 hours sleep depnvation. the overall brain glucose utilization declined 7 percent, while
in the areas of higher order thinking declines ranged from 10 to 17 percent (Thomas, 1997).
Although these reductions seem relatively minor over a 48 hour period. Gold (1995) recendy
found that comparatively small bleod glucose changes could significandy enhance cogritive
performance 1n a vanety of subjects including healthy young adults, elderly. and severe states of
pathology such as Alzheimer's and Downs Syndrome patients.

PET scans of recovery sleep, taken sequentially through the night and synchronized with EEG
changes. show that slow wave sleep appears to have its greatest effects on the same brain areas
that Thomas et al (1993, 1997) showed were most affected by sleep loss (Braun et al., 1997). This
indicates that areas of the brain involved in aleriness, attentional focus, concentration, short term
memory. dnve and initiative, problern solving, complex reasoning, and decision making are the
greatest beneficiaries of deep sleep (Lamberg. 1996).

Since the front brain is responsible for analysis of information. judgment, planning, decision
making. and the initiation of actions. it is not surprising that NTSB found decision making
abilities suffered with high time since awake.
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The orderly planning and sequencing of complex behasviers. the abulity to attend to
several components simultaneously, and then flexibly alier the focus of
concentration. the capacity for grasping the context and gt of a complex
situation, resistance to distraction and interference, the abuity to follow multi-step
instructions, the inhibition of immediate but inappropriaie response tendencies,
and the ability to sustain behavioral output... may each become markedly
disrupted (Restak, 1988). '

Many of the functions described by Restak are the same functions pecessary to a pilot’s ability to
competently fly an aircraft.

Measuring Fatigue

Although the studies just listed do show performance decrements due to fatigue, other studies
have shown no effect (e.g., Rosenthal, 1993), particularly when sieep loss levels up to 24 hours,
or small chronic partial sleep loss levels of only one or two hours per day are used. The lack of
definitive results in partial sleep deprivation studies may be due to differences in testing
procedures. Rosenthal tested on four separate occasions, whereas others tested only once per day.
In a more severe sleep deprivation study, Thorne (1983) made the testing instrument the primary
task. which lasted 30 minutes of each hour. As sleep loss became increasingly greater, subjects
became slower. Therefore. the time to complete the self-paced sk increased about 70 percent.
and at times doubled.

Evans et al. (1991), in a review of fatigue in combal, clearly staed that studies using embedded
testing. such as Thorne (1983). Angus and Heslegrave (1985). ard Mullaney et al. (1981).
consistently show greater effects of fatigue and sleep loss performance decrements than shon
duration isolated intrusive tests Belenky et al (1986) notes that zc=tinuous embedded testing
reveals larger performance decrements sooner than does intermuTent tesung. In Angus and
Heslegrave (1985), analysis of results found a 28% decrement 1= 2-:ading/decoding performance
and a 43% decrement in logical reasorung after 24 hours awake Haslam (1982), using non-
embedded testing. found no decrements and 29%, respectively.

The greater sensitivity of embedded testing is not surprising given that they measure performance
for a2 more prolonged period. Brief, intrusive psychometric tests. in contrast, are novel and act as a
rest break, distraction, and temporary stimulus, thereby increasing short term mobilization of
effort thus boosting performance. The use of such an instrument would function similar to the
effect Chambers (1961) found in an industrial output study where output remains higher when a
worker was switched to different jobs periodically than to stay at ooe job.

Another explanation for the varying effects of performance due 12 fatigue 1s that performance is.
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in part, dependent upon the circadian physiology of the subject. Subjects expenencing cucadian
dysrhythmua or operating during theur circadian trough are mure likely to yield substandard
performance.

Also. motivation can play a major role in the relationship between fatigue and performance.
“Both experimenter and subject motivation can have a large impact on results, particularly tn the
behavioral and subjective domains. Motivation effects are frequently most appareat pear the end
of studies (where performance improvement is sometimes found) but also may account for the
difficulty in showing decremeats early in periods of sleep loss™ (Bonnet, 1994, p. 50).

In addition to embedded testing, other parameters considered to increase sensitivity in testing for
fatigue and slecp loss performance decrements include coatinuous performance, proloaged
vigilance, and multiple task jobs, similar to what is shown to work in decrement due to noise
(Belenky 1986; Dejoy, 1984). Self-paced tasks have been reported to be less affected by sleep
loss than tasks that are faster work-paced (Johnson & Naitob. 1974). Fatigue effects tend to be
minimal when tasks are self-paced, brief, highly motivating. and feedback is given. On the other
hand, tasks which involve sustained vigilance and artention, the use of newly acquired skills, and
new information retention tend to challenge short terro memory. This is because work-paced tasks
e elerate the rate of information processing, thereby decreasing the reserve capacity of brain
function.

Roth et al. (1994) support long monotonous objective testing and the MSLT as good measures of
sleep loss decrement and sleepiness, respectively. McFarland (1953) considered the éeienoration
of skills over timme 2 promusiog framework for the study of fatigue. This bas recently been
anempted in aviation research by Neville et al. (1992) through the use of flight data re<orders for
measuring parameters of flight over time. Thus procedure may be the best avenue yet for guly
measuring performance decrements in an operational setung

Microsleeps

Performance measures have obvious value for assessing the effects of fatigue and sleep-related
variables. Microsleeps are another useful approach. Microsleeps were first recognized by Bills
(1931) and were first called “blocks.” Over the intervening years they bave also been called
“gaps,” “lapses” and, more recently, “microsleeps.” The physiological drive to slecp can result in
a microsleep lasting a few seconds to a few minutes. The larter terminology is the result of EEG
recording showing that during these lapses in information processing, subjects momentarily slip
into a light sleep. This occurs with the eyes open and usually without the knowledge of the
individual, an observation first reported by Miles (1929). Bonnet and Moore (1982) found that
before SO percent of normal subjects became consciously aware of falling asleep, they had been
asleep two to four minutes. These intermittent lapses in consciousness impair performance by

~

leading to errors of omission due to missed information. In serial tasks that are work paced.
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microsleeps can also lead to error of commussion and. if frequent enough or long enough, can lead
to loss of situational awareness.

Microsleeps have been shown to be a useful approach o assessing the effects of ime of day on
sleepiness levels. EEG brain wave changes confirm that pilots expenence greater sleepiness and
decreased alertness between 2:00 to 4:00 a.m. (Gundel, 1995). Alpha waves in EEGs indicate
micro events or micro sleeps and have been found to be three times greater during night than
during day flights (Samel, 1995). Samel et al. (1997) found that during outbound flights, pilots
experienced 273 microsleeps or an average of 1.38 microsleeps per pilot per hour. On retumn
flights the following night, pilots experienced 544 microsleeps or 2.47 microsleeps per hour per -
pilot. Both feelings of fatigue and the occurrence of microsleeps increased as duty time

. Rosekind et al. (1994) also observed micro sleep in pilots and a progressive increase
as flights progressed, particularly in the latter portion of the flight. These findings confirm both
the physiological occurrence of microsleeps in commercial aviation pilots, and the accumulative
nature of fatigue in successive night operatons.

The beneficial effects of taking breaks have also been demonstrated by measuring microsleeps.
Workers performing continuous tasks without breaks (Bills, 1931; Broadbent, 1958) or suffering
from sleep loss began to demonstrate signs of micro sleeps much sooner than those with rest
breaks or getting adequate rest. respectively (Kjellberg, 1977b).

The rescarch cited in this section suggests that fatigue may be a factor in the aviation environment
due to direct performance decrements and. indirecty, through mucrasleeps that disrupt pilot
funcuoning The next section looks at data relauing to the occurrence of fatigue in the aviation

envIronNne pk-

Fatigue and The Aviation Environment

The unique characteristics of the aviation environment may make p..ots particularly susceptible te
faugue Environmental factors such as movement restniction. poor ar flow, low light levels.
background noise. and vibration are known causes of fatigue (Mohier. 1966). In addiuon, the
introduction of advanced automation into the cockpit has changed the narure of the job for many
pilots. Hands-on flying has been replaced by greater demands on the crew to perform vigilant
monitoring of these systems, a task which people tead to find uring if perforred for long periods
of time. For example, Colquhoun (1976) found that monotonous vigilance tasks could decrease
alertness by 80 percent in one hour, which is correlated with increased EEG theta activity or
slecp-like state. Since physical acuvity and interest in the task can help to minimize the decline in
performance due to continuous work and sleep loss (Wilkinson. 1965: Lille, 1979), automation
may contribute to increased drowsiness in pilots suffering from fatigue or sleep loss. Also, as will
be shown below. these cognitive-based activities may be susceptible to the effects of fatigue.
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Although these environmental charactenstics are suggestive. the actual extent 16 which fatigue is
a safety issue needs to be assessed. A study of ASRS incident reponts suggested that 21% of
incidents were fatigue-related. This figure was challenged by Baker (1996). who pointed out that
the database is a biased system due to self reporting, and the data were further biased by the
rescarchers’ interpretation of the reports. Kirsch (1996) argues that the actual ASRS estimate is
four to seven percent. Gracber (1985) clarifies the situation as follows:

An initial analysis of NASA's Aviation Safety Reporting System (ASRS) in 1980
revealed that 3.8 perceat (77) of the 2006 air transport crew member efror reports
received since 1976 were directly associated with fatigue (Lyman & Oriady,
1980). This may seem like a rather small proportion, but as the authors emphasize,
fatigue is frequently a personal experience. Thus, while ooe crew member may
attribute an error to fatigue, another may attribute it to a more directly perceived
cause such as inattention or a miscommunication. When all reports which
mentioned factors directly or indirectly related to fatigue are included, the
percentage increases to 21.1 percent (426). These incidents tended to occur more
often between 00:00 and 06:00 [local time] and during the descent, approach or
landing phases of flight. Furthermore, a large majonity of the reports could be
classified as substantive, potentially unsafe errors and not just minor errors.

In a study of flightcrew-involved major accidents of domestic air carriers during the 1970 through
1990 period (NTSB, 1994), one conclusion pertained directly to the issue of fatigue: “Half the
captains for whom data were available had been awake for more than 12 hours prior to their
accidents Half the first officers bad been awake more than 11 hours. Crews comprising captains
and first officers whose time since awakening was above the median for their crew position made
more errors overall. and significantly more procedural and tactcal decision errors™ (p. 75). This
finding suggests that fatigue may be an impontant factor in the carmer accidents. Because the
study 1nvolved only domesnoc carmer accidents, it remains unclear as to whether other fatigue-
related factors. such as long flight imes and curcadian disruption due to multiple time zones
would also appear as causative factors. On the basis of this study. the NTSB recommended that
the FAA address the 1ssues of fght duty times and rest penods

Although the results of this study are suggestive. the actual impact of fatigue has yet to be
determined. Since no real effort has been made to idenufy the effects of fatigue in accident and
incidence investigation, it is difficult to assess the magnitude of the problem. In addition, it is
possible that self-reporting systems, such as ASRS, may be affected by the inability of people to
accurately assess their own fatigue levels (Sasaki et al.. 1986: Richardson et al., 1982; Dinges,
1989). Subjective evaluations of sleepiness have not been found to be reliable except in extreme
sleepiness. Rosekind and Schwartz (1988) noted that the scientific literature generally
demonstrates a discrepancy between subjective reports and psychophysiological measures, the
result being underestimations of one’s level of sleepiness (cf. Dement & Carskadon, 1981).
Dement et al. (1978) and Roth et al. (1994) reported that some subjects judged themselves alert,
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when in fact they were in ¢ process of falling sleep.

Graeber et al. (1986). summanzing the collaborative efforts between European. Japanese. and
American investigators to esaluate sleep in long haul aircrew s. reported that subjective
evaluations are sometimes erroneous as to the true nature of the psychophysiological state of
sleepiness. These results were obtained in two separate studies by Dement et al. (1986) and
Sasaki et al. (1986). Mullaney et al. (1985) also found that subjects subjectively felt that they
performed better under sleep loss conditions when paired with another subject, when in reality 1t
had no effect on actual performance decrements. Rosekind et al. (1994) found pilots unable to
subjectively evaluate chaages in performance due to a short inflight nap. Although pilots did
show physiological improvements in alertness, they could not subjectively notice a difference.
Belenky et al. (1994) points out that due to the psychophysiology changes in higher order
cognitive judgment areas with fatigue and sleep loss, these changes automatically preempt ones
ability to evaluate his or ber own performance accurately.

One possible reason for these findings is that the presence of certain factors masks slecpiness and
the absence of other factors unmasks sleepiness. Environmental factors that have a masking affec:
include noise, physical activity, caffeine, nicotine, thirst, hunger, excitement, talking about
something interesting, etc. For example, Howitt et al. (1978) found that sleep deprived pilots in
operational settings felt no poticeable fatigue once flight preparations were under way and flight
commenced. This explananon is supported by research that used the multiple sleep latency test
(Dement et al., 1986, Sasako et al.. 1986; Rosekind et al., 1994; Roth et al., 1994). In contrast to
the subjective evaluation. the multiple sleep latency test asks subjects to quiety lie down, close
their eyes and try to sleep This in essence removes many of the masking factors, whereas
subjective alertness in relanon to EEG recording appears to bave betfter correlation because both
can be recorded in the sa—x environmental serung. Ogilvie et al. (1989) reponied that subjecuve
sleepiness responses (o the Sanford Sleepiness Scale only reached significance when subjects
were entering stage I slees Thus it may be that when EEG alpha and theta act:vity appears there
1s truly a feeling of sleep.oess

Although masking reduces perceived fechings of sleepiness. it does not counteract the effects of
fatigue on performance. Kecklund and Akerstedt (1993) conclude that although sleep-depnved
subjects may not feel therr sleepiness or fatigue due to environmental variables, the sleep pressure
is still latently present.

Standard Duty Period

The first regulatory issue that needs to be addressed concerns the duration of the standard duty
period. “Standard™ is used here 1o refer to duty periods that do not involve window of circadian
low (WOCL) effects or upe zone changes. The primary focus of the standard duty peniod issue
addresses the buildup of fatigue as a function of performing the various tasks involved in a duty
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penad Six factors that may need to be considered are

¢ Time on task

Time since awake
Task type

Duty period extension
Cumulative duty tumes
Eavironmental factors.

Each of these factors is discussed below.

Time-On-Task

There appears to be some consensus that the effects of time-on-task on performance are difficult
to assess (¢.g.. Maher & McPhee, 1994) and are affected by a number of variables, including time
of day. the nature of the task, the subject’s motivational level, and if fatigue or sleep loss are
already present (Dinges & Knibbs, 1991, Maher & McPhee, 1994; Mendelson, Richardson &
Roth. 1996). In spite of this, performance on many laboratory tasks follows a similar curve
(Vries-Griever & Meijman, 1987): relatively low starting performance. followed by optimal
performance. which then declines due. presumably. to fatigue. The points at which optimal
performance begins and then starts to degrade vanies with the task. For some cognitive tasks,
opumal performance is achieved after about five hours. then declines to its lowest levels after 12
to 16 hours on task (Spencer. 1987: Nicholson. 1987). Some tasks. such as monitoring tasks that
require high levels of vigilance. show performance decrements afier shonter durations. Colquhoun
(1976) found that monotonous vigilance tasks could decrease aleriness by 80 percent in one hour
based on increased EEG theta activity which comrelates with a slee>-like state. Reducuons in task
performance over time are also accompanied by an increased need 1o sleep. as shown by Lisper et
al 19861 who found that car dnvers showed an increased likehihaod of falling asleep afier 9

_ hours of dnving

Time -on-task measures for a single task may have limuted applicability to the aviation domain as
the pilot’s job involves performing a number of tasks dunng a given duty period. Switching
between individual tasks may override some of the effects of fatigue due to ime-on-task. Studies
which have investigated the effects of extended shift durations on worker performance may be
relevant as they assess fatigue and performance as a function of the set of tasks that are performed
during a shift rather than performance decrements that accrue on a single task. In a manufacturing
en'ironment (Rosa & Bonnet, 1993), the number of errors made was relatively high at the
beginning of the shift, then decreased because of re-familianzation with the task. Optimal levels
were reached within a few hours, then declined over the eight-hour shift. In general, workers on
12-hour shifts became considerably more fatigued than in more traditional eight- to 10-hour shifts
(Rosa & Colligan. 1987) This finding has been confirmed in nurses (Mills et al.. 1983). industrial
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shift workers (Colligan & Tepas, 1986). night shuft workers (Rosa & Colligan. 1987). sea watch
workers (Colquhoun, 1985). and truck dnvers (Hamelin, 1987). The lanier study also found an
increase 1n the number of accidents that ovcur when 12-hour shifts are used.

This increased likelihood of accident risk due to long duty penods has been found in other
studies. The relative risk of an accident at 14 hours of duty nises to 2.5 times that of the lowest
point in the first eight hours of duty. Askertedt (1995) reports accident risks to be threefold at 16
hours of duty, while Harris and Mackie (1972) found a threefold nisk in just over 10 hours of
driving. These levels of risk are similar to that associated with baving parcolepsy or sleep apoea
(Lavie et al., 1982), or a blood alcohol level of 0.10 percent. Wegmann et al. (1985), in a study of
air carrier pilots, argued for a duty period of 10 hours with 8.5 hours or less of flight duty period.

Time Since Awake

The results of an NTSB analysis of domestic air carmier accidents occurring from 1978 to 1990
suggest that time since awake (TSA) was the dominant fatigue-related factor in these accidents
(NTSB. 1994). Performance decrements of high uime-since-awake crews tended to result from
ineffective decision-making rather than deterioration of aircraft handling skills. These decremeats
were not felt to be related to time zone crossings since all accidents involved short haul flights
with a maximum of two time zones crossed. There did appear to be two peaks in accidents: in the
moming 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. Similar accident peaks in other
modes of ransportation and indusuty have also been reported (Folkard. 1997). Akerstedt &
Kecklund (1989) studied prior tupe awake (four to 12 hours) and found a strong correlation of
accidents with nme since awake for all umes of the day. Belenky et al. (1994) found that flight
tme hours i workload) greatly increase and add to the linear decline :n performance associated
with ume since awake

Task Type

The effects of task type. as they contnbute to the buildup of fauigue. need to be considered from
[\ O perspeclives:

o Whether certain activities can be excluded from duty penod time
e Whether certain activities are inherently more fatiguing and may need to be restnicted.

The cumrent regulations regulate only flight time. No limits are provided for duty time. The
regulations proposed in the Notice of Proposed Rulemaking 95-18 (NPRM) allow for the concept
of “assigned time,” which also is unregulated as to maximum limits. The extent to which
activities categorized as non-flight time or assigned time contnbute 1o fatigue has yet to be
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empirically ascertained. However. it is clear that these activities would contribute to fatigue in the
form of time since awake. Consequently, it may be appropnate to limit these activities in either of
tM O Ways

e With respect to when they occur relative to flight time so as to avoid pilots achieving high
_time-since-awake levels dunng flight time periods.
e Provide maximum levels for these activities comparable to duty period time levels.

The second issue pertaining to task type concems activities which are kmown to be inherently
more fatiguing. One such activity is the approach and landing. Gander et al. (1994) found that
increases in heart rate occurred during the approach and landing phases whea 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.

The relationship between task type and fatigue buildup in the aviation domain remains to be
determined. The demands placed on long-haul pilots are clearly different from those of the
regional carmier pilot flying many legs in a propeller-driven airplane with imited automation.
Flights across the ocean typically involve a single leg of six or more bours. The main task-related
fatigue sources in this case are boredom and cognitive fatigue due to vigilance. The regional pilot,
in contrast, may be more susceptible to fatigue due to the high workload mvolved in performing
six or more takeoffs and landings. For this reason. it may prove necessan (o develop separate
regulations that are appropriate for each major nype of operation.

L] - -

Duty-Period Extensions

The research cited on dun penod duration suggests that duty penods a: ¢ above 12 hours are
associated with a higher nsk of error. Thus factor. together with the ime-since-awake factor.
suggests that extended duty penods also involie a higher potential for crew error. In determuining
maximum bmits for extended duty penods. consideration also needs tc e given to other fauguct
related factors that could contribute to excessive fatigue levels dunng exiended duty penods. -
including number of legs. whether the flight impinges on the window of circadian low (WOCL).
and time since awake.

Cumulative Duty Time

\o data were found that provide guidance for maximum duty times over longer time periods, such
as one month or one year.
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Environmental Factors

The physical environment of the cochpit is a source of other factors that can contnbute to fatigue
(Mohler. 1966). Factors such as vibration, poor ventilation, noise, and the availability of limited
automation can contribute to the buildup of fatigue or accelerate its oaset when coupled with ime
since awake. number of legs. and whether the flight involves the WOCL. This may hasve
implications for regional carier pilots who fly propeller-driven aircraft.

Conclusions

The research cited suggests an increase in the likelihood of error as duty periods are extended
beyond 12 hours. This finding is especially critical for extended duty periods which are likely to
occur under conditions (e.g., weather) that, in and of themselves, may increase the probability of
crew error.

The interactions between multiple fatigue-related factors must also be considered. Separately,
duty period duration, time since awake, pumber of legs, and environmental factors contribute to
fatigue buildup. When any oue of these factors reaches a high level. coasideration should be
given to reducing the maximum allowable levels on these other factors. Time since awake also
has obvious implications for reserve assignments and for pilots who commute.

Standard Sleep Requirements

-

Standard Sleep Requirements and Off-Duty Period

There 1s a generally consistent body of research which demonstrates thai most people require an
average of 8 hours of sleep per night to achueve normal levels of alermess throughout dayume
hours without drowsiness and to as oid the buildup of sleep debt (Carskadon & Dement. 1982.
Wehr et al.. 1993). This figure 1s based upon a range of studies that used several approaches.
including:

e Histonical levels of sleep
e Measures of daytire alertness
e Sleep levels achieved when given the opportunity to sleep as long as desired.

Webb and Agnew (1975) reported that habitual sleep around the turn of the century was about

nine hours. A 1960 study of more than 800.000 Americans found that 13 percent of menand 1S
percent of women, ages 3565, slept less the seven hours with 48 percent of both obtaining less
than eight hours of sleep per night (Wake Up America, 1993). By 1977. one in eight Amercans
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reported getung six or fewer hours of sleep per night (Schoenborn & Danchik, 1980) By 1983.
just six vears later. that number had jumped to one in four (Schoenborn & Cohen. 1986)

The average distribution of habitual sleep ranges between 5.5 and 9.5 hours per night. and
includes 95 percent of the adult population with an average of 7.5 hours (Home, 1988). Most
researchers seem to agree with this figure (Levine et al., 1988; Carskadon & Roth, 1991. Dinges
ct al.. 1996; Bonnet & Arand. 1995). However, Webb (1985) reported considerable individual
differences in habitual sleep in a sample of more than 30,000 individuals from 11 industal
countries. In this study two percent were reported to sleep less than five hours per night, while
five percent reported sleeping more than 10 hours. These averages have been reported in similar
findings across various population groups. ;

Most researchers advocate an average sleep requiremeat for adults of 7.5 to 8.0 hours per day
(Levine et al., 1988; Carskadon, & Roth, 1991; Dinges et al., 1996). Although early on, Dement
et al. (1986) indicated that 9 hours was necessary for optimal alertness throughout the day, Home
considered 6 hours “core sleep” sufficient. Although Horne's advocacy of 6 hours core sleep has
detracted somewhat from what most sleep rescarchers now feel to be optimal sleep, it bas not
dislodged the weight of evidence.

Carskadon (1991) reports that 87 percent of college students babitually sleeping seven to 7.5
hours per night had difficulty staying awake in the afternoon with 60 percent reporting actually
falling asleep. When compared with Home's advocating only 6 hours of “core sleep,™ these
responses seem to suggest that, although the subjects specify a habitual amount of sleep above
Home's putative ‘core,’ their sleep is tnsufficient. The six-hour core amount does not seem to
apply to many. based upoa the self-perceived adequacy of sleep.

Roehrs et al (1986 showed that when short or long sleepers were required to stay in bed for ten
hours. all subjects siept about an hour longer than usual. The result was that all subjects uzproved
in their alertness. vigilance, and reaction ime needed for dnving or montonng modern coatrol
panels. Divided antention performance showed significant tmprosement. and central task
performance showed somewhat better impros ement than penpheral task performance. Dayume
sleepiness decreased for both groups. but to a greater extent for the individuals who previously
reported suffering from sleepiness. Subjects who were usually sleepy were more alert. and those
who usually functioned at a high level became even sharper (Carskadonetal., 1979).

Allowing just one hour extra sleep per night over four night resulted in a progressive reduction in
daytime sieepiness of nearly 30 percent when measured by the Multiple Sleep Latency Test
(MSLT). Allowing sleepers who typically slept 7.5 hour per day to sleep ad libitumn, other
researchers found that sleep time increased 28 percent from 7.5 to 9.6 hours. (Taub, 1981: Webb
& Agnew. 1975). Taub (1976) studied the magnitude of differences between regular (7 10 8
hours) sleepers and long (9.5 to 10.5 hours) sleepers when their sleep was phase shified three
hours forward or backward. They also examined changes when both groups had slecp penods
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extended or reduced. Although results showed degrees of impaiurment from the acute alterations in
sleep patiern by both sleep groups. the 7-10-8 hour sleepers consistentdy showed greater
imparment Carskadon and Dement (1981. 1982) found that extending the total ime in bed from
eight hours to ten in 18 to 20 year old subjects allowed them to increase their total sleep time on
average more than one hour. This resulted in a significant improvement in daytime alertness
which only appeared after the second night of extended sleep. suggesting a repaying of sleep debt.
The rescarchers felt that this improvement supported suggestions that eight hours of bed time may
represent a chronic sleep deprivation condition in young adults. Scores on alertness showed a
stair-step response with the length of sleep per night as well as with the number of nights. Thus
scores for alertness were better for ten bours of sleep than for eight, eight were better than five,
and two nights with five hours were better than sevea nights with five hours which were beaer
than scores with no sleep.

In a slightly different research design, Wehr (1993) found in a four-weck test that young adults
allowed to slecp as long as they desired. slept in excess of 10 hours a day during the first three
days. This was followed by three days of about 9 hours. The remainder of the 28 days leveled off .
at an average of 8.5 hours per night. Their babitual base-line sleep was 7.2 hours. The initially
higher level of sleep is interpreted as repayment of chronic sleep debt A similar sleep
requirement figure of 8.4 hours was reporied by a Walter Reed research team (1997) in an interim
report. Thus both sleep extension studies and historical data indicate that optimal sleep
requirement appears to be between 8 to 9 hours sleep with an average of about 8.5 hours,
considerably higher than habitual sleep figures.

The benefits of sleep are presently considered 1o be loganithmic in narure, with the initial hours
showing significanty greater benefits that diminish as one approaches his or her optimal sleep
level This accounts for how many can sleep less and appear to still function normally. However
the findinzs of Rohre (1989) and Taub and Berger (1976) indicate that during the first six hours
of sleep. periormance is restored to a sat:sfactory level under normal conditions, although
ajeriness and vigor may still be dimunished In the hours beyond six hours of sleep the restoration
* process further restores alertness and vigor and the brain’s capacity to handle situatons above
that of normal and for longer penods

An example of this is best illustrated by Samel et al. (1997) where the second of two night flights
showed a considerable reduction 1n tolerance and an increase in fatigue after only three hours of
flight whereas on the first night fatigue did not set 1n unil after 8 hours. Thus, the additional
hours served as a reserve capacity against workload (Howitt et al., 1978) or hours of duty (Samel
et al., 1997; Gundel et al., 1997)
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Other Variables

Individual Differences In Sleep Requirements. Many of the studies described above showed
that there appears to be a considerable variability in individual sleep needs. Thus, the eight-hour
sleep requirement represents the average of sleep needs, but does not take into account of the
needs of those individuals who require additional sleep and who represent a fair percent of the

populauon.

Age-Related Changes In Sleep Requirements. With age there is a significant decline in habitual
nightly sleep due to increased nighttime awakenings (Davis-Sharts, 1989; Webb & Campbell
1980; Carskadon et al., 1982; Miles & Dement, 1980; Carskadon et al., 1980). In older
individuals, habitual nighttime sleep is accompanied by increased daytime fatigue, sleepiness,
dosing, and napping. This increase in the number of sleep periods approximates normal sleep
quantity and appears to indicate that sleep requirements remain the same over a person's adult
lifetime (Miles & Dement, 1980; Habte-Gabr, 1991). These studies suggest that older crew
members may have particular difficulties in achieving sufficient sleep as part of a normal duty
schedule (cf. Carskadon. Brown & Dement, 1982).

Logistical Issues. A number of studies have investigated the issue of the amount of sleep that is
actually achieved as a function of the length of the off-duty period. These studies demonstrate
that off-dury periods that appear to provide an acceptable sleep opportunity may not, in reality. be
sufficient In one study. reductons in sleep of two to three hours per 24 hours occurred when the
time berween shufts or work was reduced to only nine hours (Knauth. 1983). In the NASA studies
of shon-haul picts (Gander et al.. 1994: Gander & Graeber. 1994), pilots reported an average of
12 5 howss off-dury ume between duty penods, but only obtained 6 * hours rest.

Obsen auons of nurses on 12 hour shifts working 12.5 hours with 11 5 hours off between shifts
" obtained an average of 6.9 hours sleep (Mills et al.. 1983). Another study of long-haul and shon
haul-truck dnvers (WRAIR, 1997) showed that short-haul dnvers with similar rest periods
between shifts obtained even fewer sleep durations.

Commercial truck dnvers’ (FHWA, 1996; Miter et al., 1997) sleep/off duty schedules are shown
in Table 1. When truckers (C1-10) had 10.7 hours off duty between 10 hour day shifts, sleep
durations of only 5.4 hours were achieved. On a 13-hour day shift (C4-13) with 8.9 hours off
between duty peniods. sleep durations averaged 5.1 hours. On 10-hour rotating shifts (C2-10) with
8.7 hours off duty, the sleep time was 4.8 hours and afier a 13-hour night shift (C3-13) with 8.6
hours off. the resulting sleep diminished to only 3.8 hours. In quick changeovers with 8 hours off
between shifts. Totterdell (1990) found that workers only acquired £.14 hours sleep. Kurumatani
(1994) found a ccorrelaton (r=.95) between the hours between shift and sleep duration. They

Lirerature Review Page 18



concluded that at least 16 hours off duty time were needed between shifts to ensure 7S hour
sleep. a conclusion reiterated in a recent review (Kecklund & Akerstedt. 1995).

Condition Hours off-duty | Hours in Bed | Hours aslecp
C1-10 day 10.7 | 5.8 54
C2-10 rotating 8.7 5.1 48
C3-13 night 8.6 4.4 3.8
C4-13 day 89 5.9 5.1

Table 1. Truck drivers shuft type and off duty hours in relation to time spent in bed and
sleep time. (1996)

A partial explanation for such small amounts of sleep between quick shift changeovers may be the
result of apprehension or fear of over sleeping. Torsvall and Akerstdt (1988) showed that ships’
engineers on call show reduced sleep but also a decreased quality of sleep which they annbuted
to apprebension. This has also been found in physicians in smaller hospitals and appears to be
followed by increased sleepiness dunng the following day (Akerstedt & Gillberg. 1990).

Other reasons for the low Jevels of actual rest achieved 1s due te the other activities that must be
performed dunng the off-duts penod For pilots on iayovers, these activities winclude getting to
and froem the hotel; meals. and personal hygiene. These activities clearly take away from the ime
available to sleep (Samel etal. 1997)

Reduced Rest

Research on the effects of sleep reduction on physiological and task performance has failed to
provide a consistent picture of bow much slecp may be reduced before a significant impact on
performance occurs. Some of the reasons for this were described previously in the section entitled
“Measuring Fatigue.” Carskadon and Dement (1981) reduced subjects’ sleep to only five hours
per night over seven days, resulting in a 60 percent increase in sleep tendency. Based on this
study and others, Carskadon and Roth (1991) conclude that as little as two hours of sleep loss can
result in both performance decrements and reductions in alertness. Wilkinson (1968) varied sleep
quantity by allowing subjects 0. 1. 2. 3.5, or 7.5 hours in which to sleep. Significant decreases in
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vigilance performance were found the following day when sleep was reduced below three hours
for one night or fewer than five hours for two consecutive nights. Carskadon. Harvey and Dement
(1981) found increased das ime sleepiness. as measured by the MSLT. after one night of sleep
reduced to four hours in a group of 12-year-olds. although performance decrements were not
found.

Restriction of sleep in young adults to just 5 hours increases sleepiness on the MSLT the next day
by 25 percent and by 60 percent the seventh day (Carskadon & Dement, 1981). Whea slecp was '
reduced to five hours or less, performance and alertness suffered and sleepiness significantly
increased (Wilkinson et al., 1966; Johnson, 1982: Carskadon & Roth, 1991; Gillberg & Akerstedt.
1994; Taub & Berger, 1973; Carskadon & Dement, 1981). A recent study of Australian truckers -
found that 20 percent of drivers sleep 6 hours or less and account for 40 percent of the hazardous
events reported (Amnold et al., 1997). During Operation Desert Storm, the pilots of the Military
Airlift Command flights obtaining only 11 hours slecp in 48 hours were found to be in danger of
experiencing difficulties in concentrating and staying awake (Neville et al., 1992). Further pilot
observations indicated that to prevent fatigue in these pilots, at least 17 hours of sleep in 48 bours
(7.5 hours/ 24 hours) were required.

Dinges (1997) showed significant cumulative effects of sleep debt on waking functions when
subjects were restricted from their usual 7.41 hours sleep to only 4.98 hours (sd .57 hrs) of usual
sleep (67 percent). Across the seven or eight days of sleep restriction subjects showed increasing
levels of subjective sleepiness, fatigue, confusioo. tension, mental exhaustion indicators, stress,
and lapses increasing in frequency and duration. These escalating changes provide strong
evidence that partial sleep restriction similar to that expenienced by pilots has cumulative effects
similar to those found in total or more extreme partal restriction.

-

In contrast, Hackev's 1 1986) analysis of partial sleep deprivation study findings revealed minima!
performance changes but there were signuficant reductions in viglance. efficiency. and increased
subjective sleepiness with and mood detenorauon

These results suggest that reducing rest by an hour should have litde impact on a pilot’s
performance if the pilot is well rested prior to-the reduced rest. If the pilot is suffenng from sleep
debt prior to the reduced rest. there may be an impact on the pilot’s performance. If so. a reduced
dury penod should follow the reduced rest penod 1n order to compensate for the possibility that
the pilot may be more susceptible to time-since-aw ake effects.

Required Recovery Time

Complete recovery from a sleep debt may not occur after a single sleep period (Carskadon &
Dement. 1979: Rosenthal et al., 1991). Typically. two nights of recovery are required (Carskadon
& Dement, 1979 Kales et al.. 1970), although the required recovery penod may depend on the
length of prior wakefulness (Carskadon & Dement. 1982). For example. Kales et al. (1970 found
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that restncting sleep to 5 hours per night for 7 days. which more closely resembles crew sleep
pattems. required only a single extended night of sleep of 10 hours for full recovery. Moms
{1996) found fatigue resulting from the loss of 4.5 hours of sleep in one night was not adequately
restored in spite of 9 hours of sleep on on¢ recovery night. Studies of C-141 crews flying to
Southeast Asia during the Viemam Conflict found that three nights were required before sleep
returned to normal on the fourth night (Hartman. 1971). These results were observed even though
the crews averaged 7.5 hours sleep per night.

The research also suggests that sleep debt following extended flight duty periods will only be
effective if the slecp opportunity occurs at 2 tirne when the individual's circadian cycle will
support effective utilization of that opportunity. The quantity of slecp gained depends more upon
the circadian phase at which sleep is attempted rather than the length of prior wakefulness
(Strogatz. Kropauer & Cacisler, 1986: Wever, 1985; Aschoff et al., 1975).

Conclusions

There appears to be substantal evidence that a minimum of eight hours of sleep is required for
most people to achieve effective levels of alertness and performance. This rest level also enables
the individual to cope with reduced rest should the need arise. Achieving the required eight hours
under layover conditions depends upon the length of the off-duty period. The data suggest that an
off-dury period of ten hours may not be sufficient to support an eight-hour sleep opportunity.

Reducing the rest period by an hour should have little effect on pilot alertness and performance if
the indi\sdual is well rested. Reduced sleep. when accompanied by an existing sleep debt.
diminishes performance and the ability of the individual to maintain alertness throughout the duty
~enod. espedialiy if a long e since awake 1s imolved

Recoven from sleep debt ofien requires two rughts of rest. Thus result puts into question the
effectiveness of extending the off-duty peried following an extended duty penad Also.if no
sleep debtis allowed to accumulate. 1t 1s not clear that weekly breaks are required. However, the
data suggest that sleep debt is likely to accumulate if 10-hour off-duty periods are used.

The Circadian Cycle and Fatigue

Biological Circadian Rhythms

Chronobiology is the study of time-dependent changes in various levels of the physiologic
organizauon from the organism as a whole. to the cell. to the genetic material iself. These
changes regularly reoccur in a predictable rhythmic fashion and are referred to as oscillauons.
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The oscillations appear as waves. and the time to complete one full wave cycle is called a
“penod.” They are divided into three groups by length of the rhythm. Ultradian are rhythms of 20
hours or less. Circadian encompasses rhythms between 20-28 hours. and Infradian are rhyvihms
greater than 28 hours. The lanter include rhythms called circaseptan (7 days, £ 3 days).
circadiseptan (14 days = 3 days), circavigintan (21 days, = 3 days), circatngintan (30 days, ¢ §
days) and circaannual (one year, £ 3 months). According to Haus & Touitou (1994) there is
evidence of 7 day, 30 day and annual rhythms in humans, as well as the circadian and ultradian
rhythms.

Circadian rhythms have been recognized for decades. Yet the biological clock that regulates the °
24-hour physiological and behavioral rhythms was not identified until the 1970s. These two -
bilaterally located nuclei called the suprachiasmic nuclei (SCN) are located above the optic
chiasm in the anterior hypothalamus. These nuclei are considered the circadian pacemakers.
Destruction of these nuclei produce an arrhythmia and severe disruption between behavior and
physiological parameters including the timing of food intake and sleep. They appear not to
regulate the amount of either of these behaviors (Turek & Reeth, 1996).

Signals produced by the SCN are both hormonal and neural. Grafted nuclei without neural
connections restore circadian rhythms of eating and activity. Melatonin secretions, however, are
not restored, suggesting ncuron control. Melatonin receptors bave been found in the SCN and
appear to be part of a feedback mechanism that causes shifts in the circadian clock. The SCN has
been found to possess its own built-in rhythm. Evidence gathered thus far indicates that SCN
receive information about the Light-dark cycle via two neural pathways from the optic nene. one
from the retinohypothalamic tract and the other through the geniculohypothalamic tract. The latier
pathway appears to provide l_n_fognatipn or signals that help with reentrainment after a shift in the
light-dark cycle. But recent research appears to indicate that other phote receptors may also be
involved in the entrainment process (Campbell & Murphy . 1998:

Peak levels of physiological funcuoning occur dunng the Light phase of the ight/dark cycle This
synchronizanon of physiological rhythms enhances work performance dunng the daytime and
supports sleep at night by turnung dow n the metabolic thermostat. The internal synchronization of
the vanable metabolic parameters with the lighvdark cycle are tuned for opumal functioning.
Over 100 biological rhythms are genetically generated within the human body, then entrained or
synchronized to better work in concert (Wehr, 1996: Takahasi, 1996). The greater the
synchronization between hormone production. metabolic rate, enzyme and neurotransmitier
synthesis. the higher the amplitude of the rhythm and the greater the communication between the
body's cells. Thus, the maintenance of a strong circadian rhythm carries with it considerable
ramifications for good health, well-being. and functioning (Wehr. 1996).

The suprachiasmic nuclei. together with the pineal gland, function as metabolic and behavioral
concen conductors in cue with environmental factors such as light/dark. meal timing. social
interaction, and physical activity. This synchronization of intemnal and behavioral with the
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euternal environment around the 24 hour day (circa=about: dies=day ) 1s called circadian rhythm
entranment.

Although other internal and external factors do play a role, the hight-dark cycle is the major
entrainment factor for most of the animal kingdom. For humans. though, the light-dark cycle is
felt to be a relatively weak synchronization of the human circadian rhythm for two reasons.
Compared to other animals, the light sensitivity threshold as a synchronizing factor is
considerably elevated. For comparison, the light intensity required for circadian synchronization
in a hamster is only .5 lux, whereas for humans estimates range from 1200-2500 lux (Reinberg &
Smolensky, 1994). This raises questions about the adequacy of indoor lighting. Second, man is
the only species that lives outside of the day/night cycle.

Social environment appears to play a more important role in entrainment. Social factors that can
alter the biological clock regulation of circadian rhythms include temperature, flight duty, stress,
meal consumption, and food presentation (Samel & Wegmann, 1987). Exercise or activity also
appears to help retrainment after circadian disruption. Ferrer et al. (1995) cite evidence that
physical fitness predicts how well a person adapts to shift work changes regardless of its
entrainment potential. Individuals who are physically fit and exercise regularly have higher
circadian rhythm amplitudes than unfit individuals, and those with high circadian rhythm
amplitudes are more tolerant of shift work (Ferrer et al., 1995). This belps to explain why age-
related flattening of circadian rhythms is related to increased sleep difficuldes, poor adjustment to
night work and transmeridian flights in those over 50.

~Back of the Clock Operations, Circadian Rhythm and Performance

~ere 15 a substantial body of research that shows decreased perfcrmance dunng night shifts as
compared with day shifts. The reasons for this decreased performance include

Curcadian pressure to sleep when the tndividual 1s anempting to work.

e Circadian pressure to be awake when the individual is anempting to sleep.

e Time since awake may be substantial if the individual 1s up all day before reporting for the
night shift.

e Cumulative sleep debt increase throughout the shift.

Research conducted by Monk et al. (1989) indicates that subjecuve alertness is under the control
of the endogenous circadian pacemaker and one's sleep-wake cycle (time since awake). When
lime since awake is long and coincides with the circadian low there is a very sharp drop in
alertness, a strong tendency to sleep and a significant drop in performance (Perelli, 1980).
Alerness is relatively high when the circadian rhythm is near the acrophase and time since awake
is small. Monk (1996) argues that this cycle is consistent with the NTSB (1994) finding of a peak
accident rate occurring in the evening. The strength of the circadian cycle is substantial. Alerstedt
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-1989 ) arzues that, up to 24 hours without sleep. circadian influences probably have greater
effects than tme since awake.

In Japan. 82 4 percent of drowsiness-related near accidents in electnc motor locomotive dnvers
Kogi & Obta, 1975) occur at night. Other landmark studies over the past several decades

bave documented the increase in accidents and error making. Klein et al. (1970) argue that their
research with simulators proves that night flights are a greater risk than day flights. Their research
found 75- to 100-percent mean performance efficiency decrements in simulator flights during the
carly morning hours, regardless of external factor such as darkness or increasing night traffic or
possible weather conditions. :

Task performance in a variety of night jobs has been compared with performance of their daytime
counterparts, and results consistently show deterioration of performance on the night shift.
Browne (1949) studied telephone operators’ response time in answering incoming calls in relation
to the bour of the day and found the longest response times occurred between 0300 and 0400
bours. Bjerner et al. (1955) examined gas company hourly ledger computations of gas produced
and gas used over an 18-year period and found that recording error were highest at 0300 hours
with a smaller secondary peak at 1500 hours. Hildebrandt et al. (1974). investigating automatic
train braking and acoustical warning signal alarms set-offs, also found two peaks at 0300 and
1500 hours in these safety-related events. Similar finding have been reported in truck accidents
(Harris, 1977) and in Air Force aircraft accidents (Ribak et al., 1983). Other accident analyses of
ume of day and hours of work show that both circadian rhythm and hours of duty play a
signuficant role in the occurrence of accidents (Folkard, 1997: Lenpe et al., 1997). In addition. the
incidence of accidental 1njury nearly doubles dunn; the night shift compared to mormung shift.
while the seventy of injury increases 23 percent (Smuth et al., 1994). Night nurses make nearly
rwice the panent medicauon errors as day nurses and expenence nearly three imes the auto
accidents commuting to and from work (Gold et a! . 1993).

Akerstedt 1 1938) reviewed the effects of sleepiness from night shuft werk and found that the
potenuially hazardous situanion resulting from increased sleepiness dunng rught shift is real and
underestumated. Akerstedt (1988) also reports that fatigue in stuft workers 1s higher than in day
workers. highest in night workers, followed by moming workers. Overall, sleepiness among night
workers is estimated to be around 80 to 90 percent Roth et al. (1994) indicate that rates for
workers falling asleep on the job while oo night shift have been reponied to be as high as 20
percent.

Night operations are physiologically different than day operations due 10 circadian trough and
sleep loss. This carnes a higher physiological cost and imposes greater nsks of accidents. One of
the most established safety issues is working in the circadian trough between 0200 and 0600.
Duning this period workers expenience considerable sleepiness. slower response times, increased
errors and accidents (Mitler, 1991; Pack, 1994). Many recent accidents from various
transportation modes have been associated with this circadian trough (Lauber & Kayten. 1988).
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Lymz~ and Orlady (1981).in their analysis of the Aviation Safery Repering System researcher
state t2at 31 percent of incidents occurnng between 2400 to 0600 hours were fatigue related

Gander et al. (1996) found that overnight cargo pilots exhibited partial adaptation to night work
with a nearly 3-hour phase shift in the lowest body temperature. with subjective fatigue and
activation peaking shortly thereafter. Despite this. pilots still experienced a three-fold increase in
multiple sleep episodes (53 percent versus 17 percent) and a 1.2 hour sleep debt per night

compared with pre-trip slecp leagth.

In some cases, the high fatigue levels found may be due to time since the last sleep. Pokomy et al.-
(1981) analyzed bus driver accidents over a five-year period and found that, although the time of
day affected some incidents, one of the most important factors in driver accideats was how early
drivers reported to work. Those reporting in between 0500-0600 had about six times as many the
accidents as those reporting between 0700-0800. A peak in accidents also occurred two to four
hours after beginning the shift.

If an individual has been awake for 16 to 18 hours, decrements in alertness and performance are
intensified. If time awake is extended to 20 to 24 hours, alertness can drop more than 40 percent
(WRAIR. 1997; Morgan et al., 1974; Wehr, 1996). A study of naval watch keepers found that
between 0400 to 0600, response rates drop 33 percent. false reports rates 31 percent, and response
speed eight percent, compared with rates between 2000 to 2200 hours (Smiley. 1996).

Samel et al. (1996) determined that many pilots begin night flights already having been aw ake
more than 15 hours. The study confirms the occurrence of as many as five micro-sleeps per hour
per puot after five hours nto a rught flight. They also found that 62 per:eat of all pilots studied
rated their fatigue great enough (o be unable to fly any longer after ther mght flight This
expiz:ns earlier findings n long haul rerurn nught flights that showed sigficant physiclog-cal
markars of higher stess. Upon retum 1o home base after flying two nugh: flights (outbound and
return) pilots average 8 10 9 hours of sleep debt. Although flights vaned Zom north-south and
east-west with layover length from 14 hours to 4.5 days. sleep debt appeared similar. East-west
flights had significantly longer layovers but were disruptive to circadiarn rhythms. The authors
concluded that “During day ume. fatigue-dependent vigilance decreases with task duration. and
fatigue becomes critical after 12 hours of constant work. During night bours fatigue increases
faster with ongoing duty. This led to the conclusion that 10 hours of work should be the maximum
for night flying.”

Gander et al. (1991) found in an air carmier setting that at least 11 percent of pilots studied fell
asleep for an average of 46 munutes. Similarly, Luna et al. (1997) found that U.S. Air Force air
traffic controller fell asleep an average of SS minutes on night shift. A possible explanation for
these sleep occurrences. in addition to circadian nadir, is the finding of Same| et al. that many
pilots begin their night flights after being awake for as long as 15 hours
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The effect of ume since the last sleep 1s even greater if a sleep debt already exists. An NTSB
heavy trucks accident analysis (NTSB. 1996) clearly show s that “back of the clock™ driving with
a sleep debt carnes a very high nsk. Of 107 single-vehicle truck accidents. 2 dnvers exceeded
the hours of duty. Ninety-two percent (26) of these had faugue-related accidents. The NTSB
report also shows that 67 percent of truck drivers with irregular duty or sleep parterns had fatigue-
related accidents compared to 38 percent in drivers with regular duty or sleep pantems.
Lrregularity resulted in a decrease of 1.6 hours on average in sleep with a total of only 6.1 hours
compared to 7.7 hours in regular paniern drivers. The NTSB report indicated that they could not
determine whether irregular duty/sleep patterns per se led to fatigue but some experimental data
support this notion. The findings of the NTSB not only found shifted sleep patterns but this shift
was coupled with sleep loss. Taub and Berger (1974), while maintaining sleep length, shifted
slecp times and found that performance oa vigilance, calculation tasks, and mood were
significantly impaired. Furthermore, Nicholson et al. (1983) showed that imegular sleep/work
resulted in increasing performance impairments which was further increased by time on task,
cumulative sleep loss, and working through the circadian nadir.

Performance can also be affected by curnulative fatigue buildup across multiple dzfys. Gundel
(1995) found that pilots flying two consecutive nights with 24 hours between flights slept about
two and a balf bours less during their daytime layovers (8.66 hours versus 6.15 hours), and
expenienced a significant decline in alertness on the second night flight. Alertness during the first
six hours in both flights appeared o be the same. The latter part of the second flight showed
increased desynchronization of EEG alpha wave activity, indicating lower levels of alertness.
Spontancous dozing indicated an increased suscepuibiliny sleep. Subjectvely, pilots felt greater
fatigue on the second night. Therefore. with ume since awake being the same. sleep quality and
quantity during the daytime layover resulted in increased fatigue.

Samel et al. (1997) monitored 11 gkt flight rotations from Frankfort to Mahe/Sey chelles
crossing three ime zones Puots slept oo average eight hours on baseline nights. On layover.
sleep was reduced to 6.3 hours. Pilots amved at SEZ after 22 hours of being awake (except for
approximate 1.5 hour nap pnor to departure). Faugue scores increased over both outbound and
inbound flights with 12.4 mucro-sleeps per pilot outbound and 24.7 on return. Prior to the
outbound FRA-SEZ flight 85 pereent of pilots felt rested whhereas on return only 30 percent
reported fecling so. These studies docurnent that night fughts dre associated with reduced sleep
quantity and quality, and are accompanied by cumulative sleep debit.

Borowsky and Wall (1983) found thar flight-related accidents in Navy aircraft were significantly
higher in flights oniginating between 2400 and 0600 hours. The higher rushap incidence was felt
to be the result of circadian desynchronization and disrupted slecp-wake cycle. Sharppell and
Nen (1993) divided the operational day of navy pilots in Desert Shield and Desert Storm
operations in to four quartiles beginning at 0601-1200 with 0001 to 0600 being the fourth
quartile. They found that there was a progressive increass in pilots” subjective need for rest
between flights as flights onginated later and later in the day from quanile | to quartile 4_In
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addition multiple missions and cumulative days flying also increased the pilots subjecuve need
for additional rest between missions. The latter effect is the cumulatve effect of fatigue As sleep
time increased before a flight the subjectin ¢ rest needed before the next flight decreased

Sleep Patterns During The Day

Simply providing pilots with the opportunity to rest during the day may not be sufficient to

for the demands of night flying. Night workers bave been shown to sleecp on average
one and a half bours less each day than day workers (Minors & Waterhouse, 1984). Depending oa
type of shift and rotation, there can be as much as three hours sleep deficit. Czeisler et al. (1980)
showed that sleep duration was dependent on the circadian phase. Thus daytime sleep was
significantly reduced compared to night time sleep.

The propensity to sieep is high during the night and low during the day. But there is a gradient
effect in sleepiness. Between six and 12 hours awake, sleepiness in coatrol subjects increased
seven percent; between six and 18 hours, 28-37 percent (Minor & Waterhouse, 1987 Minor et al..
1986). This is the result of a myriad of other rhythms—horonal, secretory, temperarure—that
orchestrate an internal environment for action cluring the day and for rest at night. The effect of
circadian rhythm on performance is illustrated in the findings of a sleep deprivation study on
multi-task performance. Czeizler et al. (1994) points out that alertness and performance would
normally decline as a functioo of time since awake, except when coupled to the circadian rise in
body temperarure. the two functions stay relatively stabile through most of the waking hours. The
beginning of a drop in alertoess starts three to four hours prior to normal bedume. At bedtime
there is a sudden and dramatic—18-20 percent—fall in performance and alertness, coinciding
with the rapid drop in body temperarure.

Night work which requires dayume sleep bas been shown to reduce the amount of sleep obtained
" whether on permanent nught or rotaung shifts (Colligan & Tepas. 1986 In quick changeovers
with 8 bours off between shufts, Toterdell (1990) found workers only acquired 5.14 hours sleep
Kurumatani (1994) observed that workers getting off at 1600 hrs and required to began azan at
2400 bours slept 2.35 hrs. Op a similar shift change but getung off 1200 hrs and returnung to dun
at 2400 hrs workers were oaly able to get 3.0 hurs sleep. These researchers found a correlation
(r=.95) between the hours berween shift and sleep duration. They concluded that at least 16 hours
off duty time were peeded between shifts to insure 7-8 hour sleep. a conclusion reiterated in a
recent review (Kecklund & Akerstedt, 1995).

Transmeridian Operations

Transroeridian operations create similar problems in attempting to work when the body wants to
sleep and sleep when the body wants to be awake. The biggest challenge pesed by multiple time-
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zone flights is the ime required for the body to adjust to the new uime zone. The penod of
adjustment appears to depend on the direction of travel Adjustment appears to be faster after
westward flights than eastward flights (Klein & Wegmann. 1980). Adjustment following
westward flights appears to occur at a rate of about 1.5 hours per day while eastw ard-ﬂfghx
adjustment occurs at about 1 hour per day. This may be due to the body 's inherent tendency to
lengthen its penod beyond 24 hours. which coincides with westward fughts. These data als'o
suggest that phase shifts below six bours can have a significant impact (Aschoff et al., 1975).

Aside from the obvious implications for transmeridian operations, these data also apply to reserve
pilots whose protected sleep opportunity may vary as to its occurrence across assignments. Even
if a protected time period is predictable, unless it includes the night hours, it may not provide an-
effective opportunity for sleep and thus may not lessen fatigue.

Conclusions

The following conclusions can be drawn from the research cited above:

e An individual's WOCL should be defined on the basis of the time zone where he/she
resides, which may be differeat from the home domicile.

e Duty periods conducted dunng WOCL already carry a fatigue penalty due to the circadian
cycle. Consequently. duty periods involving WOCL should be reduced.

e The number of duty periods wvolving WOCL that must be performed without time off
should be limited.

o Because the circadian cycle is longer than 24 hours. each duty penod should start later
than the previous duty penod.

e Resenc¢ assignments should anempt 1o maintain a consistent 2=-hour &y cie

¢ Direcnon of rotauon for boit back-of-the-clock fiving and durectien of ransmendian
operauons should be considered. Given the body's preference for extending the day.
backward rotation should be used when possible

e Transmendian operations should be scheduled in accordance with either of two

approaches:

e For short peniods, it may make sense to antempt to keep the pilot on home-domicile
troe.

o For longer periods, reducing the duty period and providing more opportunities to sleep
may be the best approach.
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Augmented Crews

Little research has been performed to assess the effectiveness of managing faugue through the use
of augmented flight crews. However. two recent NASA projects have been muated to study long-
haul augmented flight operations (Rosekind et al., 1998). The first project used a survey to
examine factors that promoted or interfered with sleep 1n crew quarters installed on aircraft.
Results were collected from more than 1.400 crewmembers from three parucipating U.S. airlines.
It was concluded that, even though some difficulties were noted, flight cresmembers were able to
obtain a reasonable amount and quality of sleep while resting in on-board bunks. Further, the
slecp obtained was associated with improved alertoess and performance. This study also
identified factors that could be used w develop strategies to obtain optimal sleep.

The second project was a field study that examined the quantity and quality of sleep obtained in
on-board bunks during augmented, long haul flights. Data were collected from two airlines
involved in differeat types of international operations, and a corporate operalor. Preliminary
results showed that crewmmembers obtained a good quantity and quality of sleep. Additional
analyses are presently being conducted.

Couaclusion

A review of the scientific literature pertaining to fatigue. sleep, and circadian physiology was
performed in order to identify the major issues that npeed 1o be considered in developing a
regulatory approach to pilot fatgue and sleep debt. The conclusions deseleped for each 1ssue
reflect areas that might benefit from additoonal FAA consideration.
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1. Introduction
This document is intended to provide a review of the proposed flight-duty regulations for flight
crewmembers as defined by the Federal Aviation Administration (FAA) in the Noace of Proposed
Rule-making (NPRM) (1). The Flight-Duty Regulation Scientific Study Group (the “Study
Group') was organized in response 10 a request by the Independent Pilots Associauon (IPA) for a
scientific review of the NPRM, including a detailed determination of the extent o which the pro-
regulations adequately address the problerns of fatigue and sleep deprivation in flight crew,
and the extent to which they appropriately utlize available scientific information, both that ex-
y cited in the NPRM and the larger body of scientific literature regarding the ongins of hu-
man fatigue in sustained operations.
The Study Group consists of members of the scientific community with research interests in the
fields of human sleep and circadian physiology, and sleep disorders medicine. While some of the
members of the Study Group have participated in an advisory or review capacity in the evaluation
of extended duty limitations in other work settings, including other transportation sectors, none of
the members has had previous involvement in the development of these flight-duty regulatons or
in the NASA research projects cited as providing the specific foundation for the current NPRM.
Thus. it is the intent of the Study Group that this document will constiute a new and independent
review, incorporating the perspectives provided by regulatory efforts in other industnes and by
research performed in other related areas.
Another imponant principle guiding our review and assessment of the proposed reguations re-
qQuires express statement at this point. It is the position of the Study Group that the success of any
atiempt to regulate duty schedules to guarantee adequate rest depends jointly upon the provision of
adequate opportunity for rest within the schedule, and upon the responsible cooperaton of the
regulated individual. However, personal behavior cannot practically be regulated. Experience with
anempls o provide improved rest opportunities in other settings demonstrates that nme provided
for sleep is often used for other things. effecuvely defeaung the intent of the original provision.
The soluuon to this limitation is a contnued emphasis on education of the regulaled group regard-
ing the nature of the problem and their role in its soluuon. However, the Study Group feels
strongly that the possibility of compromise of allocated rest ome should not relieve =gulatory
authonty of the responsibility for insunng that adequate ume 1s provided for rest
Finally. it is also imporant to state in this introducuon that. despite its evident limiaucss. the pro-
posed NPRM represents unambiguously imporiant and valuable progress. The Stly Group
unanimously feel that the FAA is to be applauded for persisting in this effot, and for producing a
set of proposed regulations that atiempt 1o incorporale current understanding of human sleep
physiology. To our view, this IncOrporauon is not as complete as it can or should be. and the 1s-
sues identified in this review are meant as suggesuons for umprovement in the proposed regula-
vons. It is our hope that many of the impornant adjustments can be included in the final set of rules
produced by this effort, whereas other issues clearly represent deficits in the current scieatific data-
base. These will require addiional research atenton before they can be addressed in furure rule-
making efforts.
The goal of providing safe travel 24 hours a day requires opumum crew alertness and performance
at all imes. Since humnan alertness is highly dependent on the complex regulatory sysiem govern-
ing sleep and wakefulness, we will begin this review by summarizing current understanding of the
physiologic systems regulating sleep and wakefulness, and the factors that contribute 1o human

fatigue. In subsequent sections, we will 1) summanze the adequacy of the proposed changes in
flight duty regulations (1) in addressing the relevant aspects of human physiology, and 2) summa-
rize areas where we believe that the proposed regulations can and should be revised and expanded

10 better address these issues with the goal of opumization of aircrew alertness and air travel safety.
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Figure 2-.1: Schematic representation of the physiologic factors
contributing to buman fatigue In sustained operations

2. Scientific Background

2.1. A working definition of faugue

Much of the literature cited in support of the proposed modifications to the FAA regulations vana-
bly use the terms “fatgue’ and “sleepiness’ 1o describe the physiological condition ansing from
inadequate prior sleep and/or the condition_that occurs when wakefulness is forced during phases
of the circadian cycle appropriate to sleep. The implicavon of this usage is that these terms are In-
erchangeable, whereas a closer evaluauon indicates that they are nol. and confusion of the 1wo
tzrms impairs the discussion of the physiologic basis of performance errors and the appropnale
focus for interventions. Sleepiness has a precise definiuon:

=Slecpiness. according 10 an eMETging CONSENsuUs among sleep researchers and clinicians, is a basic
pbysiological state (like) bunger or thirst. Deprvauon or restnction of skeep increases sleepiness,
and as hunger or thirst is reversibie by eaung or drinking. respectvely, sleep reverses sleepiness.”™

By contrast, the term “fatigue™, as it is used in the human performance context, does not have a
precise physiologically-based definition. Instead, fatigue is used in a broader sense 0 describe de-
tenoration in human performance, arising as a conseguence of several potenual factors, including
slecpiness. When the intent is to prevent human error, it is necessary 1o go beyond the broad defi-
nition and identfy the specific physiologic components which then become the target for interven-
ton. This review will reserve the term fatigue for the general conditon in which performance is
impaired, and will identify and focus upon three contributors 10 human fatigue, the conurol and
limitation of which is necessary to the optimization of performance of crew members in air flight.
(Figure 2-1).

* From Rotb, T.. e al.. Dayume skeepiness and alertness. In Principless and Practuce of Sleep Medicine, M.H. Kry-
ger. T. Roth, and W.C. Dement. Eds. 1989, W .B.Saunders: Philadelphia p. 14-23.
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2.2. Homeostatic regulation of sleep

As suggested, the most prominent among potential causes of fatigue is a decline in human alertness
(or an increase in sleepiness) occurring as a consequence of sleep deprivation. Sleep deprivation
can be thought of as an inadequate fulfillment of the homeostatic need for sleep(2), either over the
short term (“acute sleep deprivation”; Figure 2-1) or gradual sleep deprivation over the longer term
(“chronic sleep deprivation”; Figure 2-1).

The homeostatic mechanism is reflected in common sense observation that an individual who does
not get adequate sleep prior to performing a task will be sleepy, and performance of the task will be
impaired. In designing appropriate schedules to determine what is “adequate sleep”, several factors
need to be considered: 1) although the average amount of sleep needed for daily alermess is typi-
cally a little less than eight hours, there is remendous individual variation. Thus what may be suf-
ficient for one individual may not be enough for another; 2) The effectiveness of sleep in main-
taining daytime alertness changes across the lifetime, and declines in older age (3). This suggests
that in older crew members the need for adequate pre-flight sb:&:; particularly important: 3) Com-
plete recovery from operating with an inadequate amount of (“sleep deprivation™) does not
occur after a single sleep peniod (4, 5). Two or three sleep cycles are usually required before nor-
mal levels of alertness are achieved following sleep deprivation. 4) There is evidence that sedatives
including sleeping pills or alcohol have profoundly greater effects, and may have longer duration
of action, in a person who has had inadequate sleep (6). Thus the duration of time needed for safe
performance following use of such compounds may be prolonged in a person who took them in a
state of sleep deprivation. -

2.3. Circadian modulation of sleep, sleepiness and performance.

The second factor in determining the levels of sleepiness is the phase of the human circadian clock
(Figure 2-1). Circadian rhythmicity is the term used to describe diumal variations in physiologic
functions that derive from time-keeping systems within the organism. Circadian rhythms are ap-
parent in the physiology of virtually all plants and animals, and this ubiquity suggests that internal
ume-keeping was an imporant adaptation w the 24-hour vanaton in the external environment (7).
In rnammals, including humans, circadian rhythms are controlled by sophisticated neural clocks
located at the base of the brain that use photic information from the reuna to orent physiologic
rhythms with respect o extemnal ume. In diumal (“day-actve™) speciessuch as the human, the cir-
cadian clock is onented so that alertness, metabolic acuvity, and vanous other funcuons increase
by day w facilitate the physical acuvity and behaviors exhubited at those umes (8). By night, alen-
ness is decreased and metabolic acuvites are commensurably reduced (o facilitaie sleep and con-
serve melabolic energy. Laboratory studies of the influence of the circadian clock typically rely on
conunuous body temperature measurements o track the clock’s influence on metabolism. Core
body temperature is remarkably rhythmic in humans when 1t 1s measured in conditions carefully
designed o eltminate outside influences.

The circadian rhythm of body lemperature has a peak between the hours of 4 and 6 PM in the eve-
ning, and a rough approximately 12 hours later at 4 10 6 AM. While the exact position of these ref-
erence points may vary from individual o individual, in healthy adults, they are remarkably con-
sistent within a relauvely narrow range. Studies of human performance as a function of time of day
have demonstrated clear circadian rhythms in several different types of performance functions. For
the most part, this vanation mirrors the circadian vanauon in sleepiness (i.e. minimum in perform-
ance capacity in the early moming hours (between 4 and 6 AM) coincident with minimum body
temperature and maximum sleepiness) (9). These dala are consistent with the generally accepted
hypothesis that imponant circadian variation in performance is a secondary consequence of the cir-
cadian vanauon in sleepiness.

Further, an extensive body of laboratory data has established that human circadian clocks rely upon
light-dark vanation to onent circadian rhythmicity relauve 1o external time (10). A dependence of
this effect on the intensity of the ight means the extemal sunlight exposure typically dictales the
orientauon of an individual’s circadian clock. Studies of the relationship between circadian onenta-
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tion and light-dark cycles have progressed to the point where it is now possible to make reasonable
estimates of the effect of transmendian travel, with the consequent alteranons in light-dark expo-
sure, on intemal circadian orientation and the dependent rhythms in alertness and perform-
ance (11).

Studies of the circadian system lead to several conclusions relevant to extended-duty paradigms
such as those in aviation: 1) Anention only to the: needs of the homeostatic systern will not result in
adequate alertness. Thus a crew member who works in the early moming hours of 4 - 6 AM will
not necessarily be as alert as one working during daylight bours, even if both had been off-duty for
the same amount of time prior 0 work. 2) When flight plans involve transmeridian travel, duty re-
quh:rncnwmaykaddtcmwwmcdmfumﬁona‘nmq in which the body's propensity is 10
sleep; 3) When crew land at transmeridian destinations, their internal circadian systems may be out
of phase with those of the new local environment (12). Thus they may be in their own internal
sleep phase when it is daytime at the new destination.

Further, several factors need to be considered in designing schedules that allow for these circadian
proccsscs.ﬂ:cfus:isﬁmﬂmeisagrul deal of individual variation in the ability to adapt to
changing schedules of this type (13). In addition to this individual variability the ability to adapt to
changing shift schedules declines with age. Hence older crew members are more likely to experi-

ence difficulty adjusting to new time periods of sleep and waking. Second, the ability to adjust to

new time schedules depends on the direction of transmeridian travel. In general, shont-term

changes of four or more time zones in eastward travel are more difTicult to adapt to than equivalent

westward travel. The implication of this is that recommendations for adequate rest may need to be

tailored specifically for the direction of travel. Third, recovery sleep itself is influenced by the ume

of the circadian day (14). Thus a 10 hour period for recovery sleep in a new lime zone will not ini-

tially be as effective in restoring alermess as an equivalent recovery period in the home tme zone.

Fourth. the use of hypnotic medication (sleeping pills) may improve sleep in adverse phases of the

circadian cycle, but the relationship of this improved sleep 1o subsequent performance is complex

and stll under study (15). Finally, one environmental factor-- the amount and tming of exposure

to sunlight (or equivalent bright antificial light)-- can greaty influence the ability to adapt 1o new

sleep and waking schedules (16). Thus exposure o sunlight, or the use of appropnately umed aru-

ficial ight. may be useful in belping an indiyiduzl receive adequale sleep. Conversely, inappropn-

ale exposure 1o bright light may inhibit that individual's ability to receive adequate rest

2.4 Time on task

The third factor that can contribute to fatgue is the duration of time spent working without signifi-
cant interruption (“'time-on-task; Figure 2-1). Evidence suggests that a complex relatuonship exists
between task efficiency, as measured by the probability of error. and ume spent working on the
task. In studies of manufacturing setuings. the probability of error begins at a relatively high level at
the beginning of the shift (“re-familianzauon™). rapidly declines o opumal levels within a few
hours. then steadily increases over the remainder of the (typical) eight-hour shift (“task fatigue™).
Studies of longer shift durations consistently suggest the rate at which performance detenorates
may increase for durations beyond 8 hours and this has been an imporuant factor in efforts to limit
maximal shift duration in a vanety of setungs (17).

Time-on-task effects are the least studied and least understood of the factors contributing Lo human
fatigue. For example, unlike sleep deprivaton which can only be reversed by sleep, performance
deterioration associated with prolonged task duration appears to be task specific, reversing with
time away from the task, even if the time is spent with other waking activiues. Bul imporiant data
about the nature of this effect, panticularly as it might relate to complex tasks such as those per-
formed by flight crews, is not yet available. It is not clear, for example, whether inherenty vanable
tasks can modulale the rate at which performance deteriorates. Further, there are important meth-
odological issues that have not all been addressed in available studies of ume-on-task effects. For
long sk durations, i.e. 8 or more hours, sleep deprivauon and circadian phase effects will neces-
sarily vary significanly over the course of the task, confounding interpretation of performance
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changes. Swdies systematically varying circadian and sleep deprivation (homeostatic) influences o
isolate the time-on-task effects have not yet been performed. Pending collecton of such data, ide-
ally specific to flight crew job requirements, avaiable time-on-task data nonetheless raise signifi-
cant general concemns about sustained shift durations, particularly those greater than 10 hours.

An additional important factor in the determination of time on task effects is task intensity. Fatigue
generally accumulates faster in high intensity tasks than in low intensity tasks, suggesting that
maximum task durations should be adjusted according for task intensity. However, in practice,
task intensity can be very difficult Lo measure. Within aviation, this principle has been used w0 jus-
tify adjustments of maximum shift duration as a function of the number of landings on the widely
accepied premise that landings are the most intensive aspect of aviation.

2.5. Inieractions

Beyond their direct relationship to human fatigue and the probability of error, each of the physiol-
OgIC axes identified above also interacts -Wilh the others 1o potentiate adverse effects. Thus, the ex-
went of sleepiness and performance impairment produced by moderate sleep deprivation is greater a
4 AM than it is at 4 PM. Similarly, the rate at which time-on-task effects on performance accumu-
late depends both on the circadian phase at which the task is performed, and on the extent of prior
sleep deprivation on the pan of the person performing it. The importance of the circadian system in
modulating both alertness and the ability 10 sleep results in another important interaction. In addi-
tion to the direct adverse effect on alertness and performance, work on the “back side of the clock™
over a number of successive nights results in chronic sleep deprivation as a consequence of im-
paired ability to skeep during the day. This sleep deprivation can then potentiate the performance
impairment on later night shifts.

These interactions have made it difficult to isolae the physiologic contributors to fatigue in the
laboratory and assess their relauve magnitude and imponance; for example, how much sleep depni-
vation is equivalent to work at the circadian nadir? Without more data on this issue, the only effec-
tive strategy for intervention requires addressing each of the three axes as completely as possible.

2.6. Shift-work

The focus of this effort on the scheduling of flight crews occurs in the context of general concem
about extended duty, might work, and consequent sleep depnvation in a large number of occupa-
uons with public safety implcauons (18). A growing number of US. workers are calied upon (0
routinely work other than regular daylight hours. Itis esumated that some twelve million people in
the United States now fit this broad definiuon of shiftworker (19). A number of strategies have
evolved o provide for extended duty and nightime coverage of the growing vanety of service and
manufactunng settings that require conunuous staffing. The most common of these is the
“rotating” shift schedule in which crews of workers work successive shifts for one or more weeks
at a ime. The shifts typically are days (8 AM w0 4 PM). evenings (4 PM to midnight) and nights
(midnight to 8 AM). While rotating shifts of this kind, varying slighty with regard to starting ame
and direction of rotation, probably the most common implementation for continuous coverage, a
number of other approaches have been used as well. As a consequence, specific data regarding the
impact of a given shift schedule, or even specific shift durations, on human performance, slecpi-
ness. of other human factors are not always available. It 1s also imporiant 10 realize that generaliza-
tion from research results regarding a specific schedule (o all shift work is rarely justified.

It is recognized that night-work can be deletenous 0 workers' safety and productivity in part be-
cause of the increased risk of performance errors during the early moming hours (between 4 and 6
AM). While various shift work schedules may be capable of modulaling this risk to a greater or
lesser degree, recent work on the importance of sunlight to human circadian function (see above)
has established that this nightiime vulnerability o error persists even in shiftworkers with years of
night work experience. It is imporiant 10 realize that an individual working nights is at risk for sig-
nificant sleepiness for two disunct reasons: FirsL work during the early moming hours (between 4
and 6 AM) is associated with the previously-described circadian increase in sleepiness and sleepi-
ness mediated performance errors. In addition, an individual working successive nights is forced
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toobtainshapduﬁngmcdaylighthoumuaﬁmcwhcndn circadian pre-disposition to sleep is
minimal (20). As mentioned, sleep under these circumstances is typically fragmented, sleep state

Thus, over time, the night shift worker accrues cumulative sleep deprivation which when added to
the circadian sleep effects can produce profound impaimment. A consequence of this is that the uni-
fying aspect of successful straiegies for combating the increase in performance errors by shift-
workers on the night shift is to maximize the amount of sleep obtained, compensating as much as
possible for the inefficiency of daytime sleep through slecp extension, napping €., and preventing
the accumulation of significant chronic sleep deprivation.

2.7. Fatigue and safety in flight operations
While the problems of sleep deprivation and night-work are cenainly not unique t0 aviation, there
can be little doubt regarding the significance of the problem that crew fatigue poses for the aviation
industry. Laboratory simulator studies have demonstrated that compliance with current flight-duty
regulations and work schedules does not protect against significant skeep deprivation and unaccept-
able levels of fatigue in flight crews (21). A growing number of field studies have documented that
crews are experiencing serious sleepiness during flight operations, and NASA's Aviation Safety
Reporting System (ASRS) identified 221 incident reports (over an eight year period) in which crew
fatigue contributed to problems during flight operations (1). Finally, the National Transportation
Safety Board (NTSB) has identified crew fatigue as a material contributing factor in more than one
recent accident Together, these findings indicate that fatigue is a significant safety issue in the
aviation industry, and that the current regulatons regarding limitatons on flight-duty schedules are
an important factor in the genesis of that fatigue.
One important challenge posed by the NPRM is the identification of outcome measures to be used
10 determine the impact of revised regulations. Whik available measures have adequately docu-
mented the presence of a problem, they would appear 1o be inadequate for the task of assessing
change over a two or three year span immediately following implementation of new flight-duty
regulations. The relative ranty of aviauon accidents studied by the NTSB makes this measure 100
insensitive to detect changes that might reasonably be expected 1o occur in response to small proac-
tve interventons such as a two hour reduction in maxumum duty ume for example. Al the same
= ime. the poienual bias inherent in the ASRS database makes these data too subjective. The Study
Group feels suongly that an important pnonty for the tmmediate future should be the identification
and validauon of proxy measures of crew faugue that can be used w effecively monitor the ompact
of this and future revisions without relying on cawsuophic oulcomes as the only accepted depend-

entl measure.

3. Summary of proposed guidelines

The FAA cites the NASA technical memorandum “Pnnciples and Guideline for Duty and Rest
Scheduling in Commercial Aviation” (22) as the primary source in the preparation of the NPRM
(1). although there are imporiant differences beiween the NASA recommendations and the final
NPRM document. The NPRM guidelines address duty period. flight. ime, and rest requirements.
Secondarily, they discuss reserve periods as well as cumulative duty periods for a week and a
month.

There are two important general features of the proposed guidelines. The first is the predication of
duty limitations on total duty instead of just flight ime. Specific regulations of duty durations
specify separale upper limits for total duty Lime (without an intervening period of rest) and for ol
flight time within the longer duty segment. The second important general change is the consolida-
tion of regulations for various types of flight operauons covered by Part 121 (covering domestic,
flag and supplemental flight operauons) and elimination of differences between relevant parts of the
Pant 121 regulatons and the Pant 135 regulatons (covering commuter and on-demand flights).
This results in simplification and gready improved consistency in flight regulations.
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TABLE 3-1: SUMMARY OF PROPOSED REGULATIONS

Descnpaon
#
1. Flight duty durstion Crew size Max.durstion

(duty/Mlight)
1 148
2 1410
3 . 1612
3 18716
4' 24/18
2. Minimum rest duratioa Crew size Min. duration
(hosurs)
1 10
2 10
3 14
3 18
4 pa]
3. Flight time limits Time frame Mazx. flight
time (hours)
Per week n
Per mooth 100
Per year 1200

"With facilities for sleeping 1n Might

The new regulations are intended as "...a prevenlative measure designed 10 address the potential
safety problems associaled with faugue-based performance decrements..by requinnz cerain
scheduling limitauons and minimum rest periods.” Before assessing the extent o which the pro-
posed regulauons accomplish this goal, 1t is necessary 10 stipulate their specific provisions. An ab-
breviated summary of the relevant sections of the NPRM follows (see Table 3-1).

3.1. Revised Flight-Duty Duravons

Under the proposed regulations, the base durauon of the duty penod (2 pilot crew) would be 14
hours. This would include 10 hours of flight ime. Importandy. depending on crew size, availabil-
ity of on-flight sleeping quarters, and operational delays, this can be extracted 10 26 hours of duty
ime and 20 hours of flight ime. Increasing crew to three pilots raises duty period to 16 hours,
availability of sleep opportunity w 18 hours, and 4 person crews 10 24 hours. Any one of these
limits can be increased by 2 hours for unplanned operational delay.

3.2. RestPenod

The basic unit of rest, associated with the basic 2 person crew, 14 hour duty period, is 10 hours.

Depending on the duration of the duty period, the requirement of the rest penod could be as long as

24 hours. It must be recognized that these rules are for the subsequent rest period. Regulations do

not specify minimum rest for subsequent duty. Thus, it is possible to have a 10 hour rest period

during daytime hours followed by a 26 hour duty period. All rest period requirements can be re-

guccd by up to 1 hour because of operational delays that can increase duty duration by up 0 2
ours.
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3.3. Stuand-By Assignments

Reserve time in this proposal is a period of time when a flight crew member is not on duty but
nonetheless must be able to report upon notice (i.e. greater than one hour), for a duty period. The
guidelines explicily reject relating amount of time of notice to time of day. Rather, it relaies amount
of time of advance notification to the maximum duration of the subsequent duty period. With less
than 4 hours of notice, only a 6 hours duty period is allowed. As notification period goes to ten or
more hours, a full duty period, up to 26 hours depending on circumstances, is allowable. An alter-
native to this standby schedule is maintaining a constant 6 bour protected ume (by request) for each
24 hours of reserve time. During thistime, the certificate holder may not contact the crew member
1o place them on duty. This 6 hour period must be assigned before the crew member begins the
reserve time assignment. The duty period must be completed in 18 hours within the reserve time
and must be in accordance with the general guidelines.

3.4. Cumulative Limits _ :

The cumulative limits for flight hours are set at 32 hours for any 7 day period, and 100 hours for

any calendar month. The yearly period is set by multiplying the monthly requirement by 12 (i.e.
1200 hours).

4. Evaluation of proposed regulations

It is important to reiterate and emphasize the Study Group’s position that the proposed regulatons
as defined in the current NPRM on the whole represent an important advance over exisung flight-
duty regulations. The principal improvement lies in the new dependence of the regulations on total
duty time, rather than just flight ume, in seting limits on maximum work duration. As reviewed
above, this is a much more physiologically sound approach, reflecting the importance that all work
time has in the generation of fatigue.

The Study Group did, however, find several specific aspects of the proposed regulations that
should be improved upon and/or appear to deviate from the FAA's stated intention “...to incorpo-
rate (whenever possible) scientific informauon on fatigue and human sleep physiology into regula-
tions on flight crew scheduling.” (1). Adjustments 1o the final regulations should address each of
the issues i1dentified below. = .

In comparing the proposed regulauons o the stated goals oudined in the introduction to the NPRM
and 1o available data in the scientific Literature, the Study Group identified two important general
ISSues.

4.1. Excessive duty duration

While regulation of the maximum duraton of total duty ume (rather than just flight time) represents
an important improvement from the perspective of the limits of human physiology, the actual dura-
tion of the propased work periods substanually exceeds what can reasonably be justified by scien-
tific data on human performance and fatigue. In light of substantial evidence indicating that work
durations in excess of 12 hours are associated with a significant increase in the probability of hu-
man error independent of circadian phase and prior sleep wake history (13, 23), there can be bl
scientific justification for baseline work durations of 14 hours, let alone the greater durations per-
mitted under operational delay conditions. The specific duty and time limitauons are the same as
those specified in the NASA recommendations (22), although there are potentially important differ-
ences between the NASA recommendations and the NPRM in the definition of flight time. While
the NASA document recognizes the imponance of limiting maximum shift duration (Section [.4; p
4), it provides no evidence in supporn of the statement that 14 hours within a 24-our period is suf-
ficient limitation (Section 2.2.3), nor was the Study Group able to identify research to suggest that
these shift durations might be acceptable in the unique aviation setting. In this regard, it is impor-
tant Lo note that these duty periods are significanty longer than those being applied in a range other
work setlings where regulatory atiention has been focused on the problem of fatigue-related per-
formance decrements, including most other transportauon seclors.
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Absent research data to the contrary, the only relevant findings suggest that performance deterio-
rates significantly for shift durations greater than 12 hours, and the recommended limits for duty
time in the NPRM are not consistent with the implicanons of those findings. As outlined above, 1
is not clear whether the variability of task inherent in the flight-duty assigninent, i.e. shorer dura-
tions of flight time within the context of the longer duty schedule, might mitigate the detenoration
in performance associated with shifts of equivalent duration in other work settings, however scien-
tific endorsement of the safety of these shift durations must await empirical confirmation of such an

effect
Similarly, the extraordinary duty durations under circumstances where crew number is augmented
and/or arrangements for sleep during flight are provided are inadequately justfied by available sci-
entific data It is certainly not clear, based on a review of the studies published by NASA or any
other group w date, that augmenting the crew results in 2 material increase in tolerance for sleep
deprivation that would justify an increase in shift duration of the specified magnitude. Other con-
cerns of the Study Group pertain to the specific arrangements for sleep for augmented crews in
extended duty durations. The Study Group is very concemed about the adequacy of sleeping ar-
rangements that will be provided in these situations so that crew members can obtain some sleep
while relieved by the extra crew. To our review, provision of such facilities addresses only one of
several important concerns about the impact of exiended duty arrangements. It remains to be de-
termined whether adequate sleep can and will be obtained under operational conditions. While
available data on cockpit napping have demonstrated that brief naps have a clearly beneficial effect
over the short lerm on crew alertmess (24), published studies have not yet shown that this im-
provement is sufficient in_magnitude and duration allow a significantly sleep-depnived crew
member to return to duty. The second half of this concem is that several studies in other contexts
have demonstrated that simply providing the opporunity for sleep in the extended-duty setting
does not guarantee that such sleep will actually bte obuained. Without express stipulation about the
amount and scheduling of restslecp 10 be obtained by crew members, it is our concem that the re-
vised regulations sanction extraordinarily long extended duty arrangements without providing any
reasonable likelihood that adequate sleep will be oblained.

Finally. the provisions for rest do not appear adequale 0 compensaie for the clearly heroic de-
mands of duty durations of up 10 26 hours. Rest allowances are adjusted for the rest periods fol-
lowing extended duty, not for the rest penod preceding 1L Thus for crewmembers moving among
assignments of varying duration, it is possible 1o be called upon to work very long shift durations
of 24 - 26 hours after Limited (as few as 9 hours; "reduced rest”), with no stpulauon that this ume
be provided at a circadian phase conducive o sleep.

In summary of this first concem, the Study Group does not feel there is adequate scienufic justifi-
cation for duty durations greater than 12 hours. Nor is the Study Group confident that compensa-
tory arrangements of extra crew, sleeping quariers in flight, and extended rest provide adequate
protection from the extreme fatigue associated with very long work schedules permitied under the
proposed regulauons.

4.2. No adjustment for “back side of the clock”

Our second major concem is that the proposed regulations make no effort 1o adjust prescribed lim-
its on work duration or rest duration based on the ume of day at which those activities are sched-
uled. This is the most disappointing omission, and particularly difficult to understand in light of the
express predication of the revised regulations on the NASA-Ames datbase, a body of research that
has done much to characterize the dependence of sleep and performance in the aviation seting on
human circadian phase. Based both on the NASA studies and the larger body of scientific evidence
developed in this area, there can be no doubt about the importance and relevance of circadian
physiology to the modulation of human performance and the lendency Lo human error, and to the
ability to obain sleep and thereby reverse performance decrements ansing as a consequence of

sleep depnvauon.
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It is clear that application of circadian physiology to this regulatory effort raises several pracucal
issues. First, regulations that account for time-of-day in provisions for work duration and rest are
necessarily more complicated than the proposed set, particularly when ransmenidian travel is taken
into account. Second, it may prove difficult to develop consensus definitions for the circadian peri-
ods of maximal sleepiness and maximal alertness, as well as the precise extent of the adjustments
of work and rest duration, respectively, that would be required dunng those windows. While the
Study Group does not feel it is qualified to address detailed issues of practcality, our response 10
this concem would be that flight duty regulations that adequately account for circadian modulation
in the capacity for sleep and in human performance have been used in the United Kingdom for 6
years (since May, 1990), and by account appear to be working well. The Study Group is aware of
no qualitative reason why adjustments such as those incorporated in the UK regulations could not

be used in the US as well.

4.3. Interactions

While the Study Group feels that each of the identified issues warrants specific modifications of the
proposed regulations, the interactions between the two relevant physiologic axes, as reviewed
above, greatly compound the concem. With inadequate restrictions on work duration and no corm-
pensation for circadian phase, the regulations permit “‘worst case scenarios” that are well outside
scientifically supported limits. For example, without adjustments of rest period duration for cir-
cadian phase incompatible with sleep, it is possible to have a routine 14 hour night shift, followed
by a rest period of ten hours from 12 noon to 10 PM, i.e. precisely coincident with the circadian
phase at which sleep is least possible (“the forbidden zone™), followed by a 26 hour shift
(assuming operational delay). As stated, provision of in-flight time for sleep can not be assumed to
adequately protect against the performance decrements that marathon duty of this kind will inevita-
bly produce.

Similarly, much of the concem about shift duration stems from the absence of any adjustment of
duration for the time of day. While future studies could demonstrate that a succession of 14 hour
flight-duty day shifts allow maintenance of acceptable performance limits, it is very unlikely that a

succession of 14 hour night shifts will be similarly validated. Unless maximum shift durations are

kept well within human performance limits. i.e. less than 12 -howss’, some adjustment for the com-
pounding effects of ime-of-day needs 1o be included.

The Study Group recognizes that worst case scenanos are not likely 1o be representative of typical
flught crew shift durauons. However, 1t is opinion of the Study Group that no reliable protecuon
against such potenually dangerous exuremes of scheduling can be had without express adjustments
of duty time and rest time for the dictates of the circadian clock, and significant reductions in the
maximum length of the duty penod.

4.4. Reserve Tume

The Study Group has separate but related concerns about the proposed regulations regarding Re-
serve Time. As reviewed above, two distinct approaches for the protection of rest time within the
reserve window are permitted. In the first, tenmned *‘vaniable notice™, the maximum length of a duty
assignment decreases with the length of the advance notice provided. In the aliemate arrangement,
termed “'protected window"”, crew members on reserve are assigned a pre-identified six hour win-
dow dunng which they cannot be called. In this specification, the proposed regulation is notably
different from the recommendation of the NASA group which called for an eight hour protected
period. The window is the same during cach successive day on reserve,

The Study Group is concerned that the variable notice arrangerent is based on the unproved sup-
position that sleep deprivation resulting from a short-notice call can be adequately compensated for

* Twelve bours is felt 10 be the marunmum safe shift duration in many shiftwork setungs, ¢.g. nursing. However,
tbere are data demonstraling an increase in performance erroes between 8 and 12 bours of shift duration, suggesting to
some that the appropriate maximum shift duration in safety-sensitive shifrwork setings should be 8 bours (17).
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by reducing the duration of work required. Al its extreme, this arrangement would allow a pilot o
work for up to 6 hours with effectively no nouce, ie. advance notce equivalent to the ume re-
quired to report to the place of assignment Presuming worst case tuming in which the crew mer-
ber was called immediately prior to the habitual daily sleep period, continuous wakefulness of
more than 22 hours (presuming an eight-hour habitual sleep period) by the end of the 6 hour shift.
There is no reason to believe that the reduced shift duration adequatcly compensates for the per-
formance impairment associated with acute sleep deprivation of this kind.

The Study Group prefers the protecied window amangement, as specifically defined in the NPRM,
because the greatest possible extent of sleep deprivation is limited to 18 hours (presuming that the
crew member using protected time for sleep). For protecied windows during the day, and particu-
Mythoseduringdncdrcadimwindowquuimalakms.sixhomwould not appear o be
sufficient to allow adequaie rest on repetitive basis. ‘
One major improvement and imponant safeguard in the curreat NPRM reserve arrangements is the
requirement that a normal rest period precede each reserve assignment. Specific concems about
cither reserve arrangement are mitigaied by this protection, which should serve as an adequate
safeguard against extremes of sleep deprivation, even if subsequent duty assignments occurring
during either reserve arrangement are adversely timed.

5. Recommendations

The Study Group concludes that the proposed flight-duty regulatons represent an important ad-
vance in the effort to define physiologically sound limits that minimize fatigue and optimize flight
crew performance and aviation safety. Criucisms of the specific regulations reviewed above are not
meant to be construed as a preference for the status quo. Instead. the Study Group urges expedient
implementation of the proposed regulations, with the following modifications:

5.1. Recommended revisions to the proposed regulations:

5.1.1. Maximum duty durations should all be adjusted downward to levels in accordance
with available data on the relationship between shift duration and degradauon of per-
formance. Circadian vanaton in susceptibility to this degradauon should be accom-

) " modated with reduced maximums for shifts that include the ime of peak circadian
sleepiness (4 - 6 AM).

$.1.2. Minimum rest periods should be adjusied upward for sleep penods that include the
time of peak circadian alertness (4 - 6 PM).

5.1.3. The provision allowing extension of duty maximums up to 24 hours (26 with opera-
tional delay) in augmented crews and in assignments that include faciliues for in-flight
sleep should not be implemented unul scienufic evidence is available demonstraung
that in flight arrangements preserve alertness at acceptable levels, i.e. at levels equiva-
lent to that on the routine shift durations.

5.1.4. Reserve time arrangements should be adjusied so that protecied windows during the
time of peak circadian alertness are extended to compensate for decreased efficiency of

sleep during that ume.
S.2. Recommendatons for future revisions:

Several of these issues illustrate the need for additonal data, and even with adjustments recom-
mended here, specific limits on duty duration and minimum rest duration will represent quantitative
implementations of solutions for which there is currenty only qualitative scientific support. There-
fore, the Study Group also recommends this set of recommendations be viewed as the first siep in

a continuous process. Specifically.

5.2.1. NASA., in its capacity as independent scientific resource, should be commissioned to
gather additional data on this issue with the following prionites;
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5.2.1.1.

Identification and characterization of a suitable surrogate .oulcome measure

that can substitute for actual accidents and self-reported incidents as a
measure of fatigue in flight crews. This proxy measure will then be as- -

sessed 10 continuously monitor the extent of fatigue and the impact of this
and future regulatory adjustments.

5 2.1.2. Determination of the impact of duty period duration on performance, inde-

5.2.1.3.

5.2.1.4.

pendent of sleep deprivation and circadian phase effects. The impact of
varying percentages of flight time within a duty period should also be as-
sessed.

Determination of the impact of varying workload on performance, with
particular attention to the role of landings and sustained flight ,

Assessment of the protective effect of angmented flight crews and provi-
sion of facilities for in-flight sleep on crew alertness with the intent of de-
termining the extent to which duty and flight durations can be safely ex-

tended.

5.2.2. An independent scientific panel should review the data collected by NASA on aregular
basis with the intent of providing a comprehensive and detailed set of recommended
revisions 10 the regulations within three years from the time at which these recommen-

dations are ultimately implemented.
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Remarks by Dr. William Dement to the ARAC Working Group Pilot
Representatives on December 1, 1998 at ALPA HQ, Washington, D.C.

I'm very pleased to present Dr. William Dement of Stanford University who's here to
answer some of our questions regarding sleep science. Dr. Dement 1s considered the
father of modern sleep medicine. He earned his M.D. and Ph.D. from the University of
Chicago where he first began to study sleep. In 1963 he became the director of Stanford
University's Sleep Research and Clinical Programs and continues in that post today. He
was Chairman of the National Commission on Sleep Disorders Research from 1990 —
1992; a Commission chartered by Congress. He is the author of a definitive textbook on
the diagnosis and treatment of sleep disorders and has written or co-authored more than
500 scientific publications. Dr. Dement, welcome and thank you for your time and being
here today.

Thank you. For many years, the people who were interested in circadian
rhythms and the people who were interested in sleep were fairly separate. Now
there's actually a scientific meeting going on in Bethesda hosted by the National
Institute of Health and the National Science Foundation in which circadian rhythm
issues and sleep issues are considered to be complementary parts of one
scientific discipline. This has been happening over the past 10-15 years.

One of the things that I'm trying to deal with is the fact that the study of sleep,
the scientific study, and the applications / operational situations coincided later
than some of the other disciplines. To get really into the mainstream of the
scientific knowledge a~d the applications. ...this has been what |I've been most
interested in trying to help accomplish during the past 20 years.... and the first
effort was to try to create a federal agency that would really be responsible for
sleep and circadian issues, research, applications and education. Our efforts to
do this led to the response of Congress to create a Commission. not to create an
. agency but to create a commission.

It turned out to be really a good thing because many of us had been in the ivory
tower and this-Commussion really put us out in the field, hearing stories from
people who have been involved in accidents, hearing what life is like in the
trenches so to speak. That certainly made an enormous difference to me in
appreciating, in a much more human way, the difficulties and the problems. We
presented recommendations to Congress and it kind of coincided with the budget
crisis, and dare | say. the Republican revolution so that only one key
recommendation was passed. But there is now a federal agency — The National
Center on Sleep Disorders Research — which, small, although it may be, is
certainly a great start. and has on its plate some of the concerns that affect you.
It also has the legislative mandate to interact with the Department of
transportation and other agencies that are involved in these issues. | just wish it
was much, much larger. and we're still working in that direction.



The second thing is that all sleep researchers now accept the concept of “sleep
debt.” Each individual needs a certain amount of sleep each day on the average
to avoid accumulating a sleep debt. That sleep debt can accumulate over a long
period of time. It can accumulate in relatively small amounts so it's kind of
insidious, or of course it can accumulate very rapidly. You find frequently that
many people have been partially sleep deprived for long periods of time. They
aren't aware of this as fully as they ought to be you would think.

There's lots of evidence showing that you can get rid of that debt and how much
extra sleep you have to have to get rid of it. The best type of research that
demonstrates that is to show the increase in the tendency to fall asleep -- the
power of the tendency to fall asleep — as you add hours to the sleep debt.
Eventually, the person will finally fall asleep, no matter what. They can be
walking and fall asleep. But if you put someone in an ad-lib situation, just take
any one of you, and say, “Now you're in a situation where you have to sleep.”
You're going to be in a bedroom with no lights. All you can do is sleep. Then
you will see all this extra sleep will take place. That's the debt....the amount of
sleep that you should have received on a daily basis. That's usually astoundingly
large.

In studies of this sort, you can show that a person thinks they're perfectly normal
in terms of the way they feel. However, if they reduce the sleep debt, their
performance will improve. The question is how much debt is anyone carrying at
any particular time. The main thing is don’t do anything that might increase it.
That's my fundamental principle.

Finally. the circadian rhythm - | think that everyone has known that there is a
biological clock. Since 1971. the location has been known in the brain, there
have been a lot of electrodes and genetic studies, etc. Exactly how the clock
functions to create a circadian rhythm of sleep and wakefulness has been
understood relatively recently. This has been learned through the study of
experimental animals. The best results are obtained with primates. So if you
eliminate the primate biological clock, what's the result? They fall asleep all the
time. They'll fall asleep, stay asleep, wake up, fall asleep, wake up, etc. The
circadian rhythm of sleep is completely eliminated and you lose periods of
sustained wakefulness. So that the concept today is that the clock participates in
the daily regulation of sleep and wakefulness by alerting the brain at certain
times. And you know those as, in other words, the forbidden zone for sleep,...
the second wind that a lot of people get at the end of the day. But the clock does
not put you to sleep. When the clock turns off in effect, when this alerting
influence ends, a person is left with this gigantic sleep debt. That's what I've
heard you refer to as “WOCL.” That's the period where you find the least alerting
of the activity clock, the most unopposed manifestation to the effects of
accumulated sleep debt, and the greatest likelihood of falling asleep.



Well, there's an ideal time to sleep and then everything else is less than ideal.
Sometimes it's devastatingly less than ideal.

Well, how much so? If you had an opportunity to sleep during the dav and you were
given an 8-hour sleep opportunity, could vou expect to get 8 hours of sleep during that
opportunity’

No, I'd say absolutely not. If that happened, it would be an incredible exception.
There's a ton of evidence on that also.

How about if you were getting a 10 hour sleep opportunity?

No, | don't think so. There have been a lot of studies on sleep reversal. You
simply reverse the sleep period and this is now a model of insomnia. If you have
to sleep in the daytime, you have insomnia in effect. The ideal time to sleep if
you have a stable circadian rhythm is to stay near the circadian rhythm.

The 8 hours of ideal sleep, is it possible from your studies you can nail down any specific
8-hour period or is it variable for individuals?

Well, it may vary a little bit. Within a very narrow range | wouldn't say....] would
say for most people, it's from 11 - 12 PM to 7 — 8 AM. For the vast majority,
that's the ideal sleep period. People will ask why they are the exception, but
you're not dealing with exceptions here.

When vou e rorced to lhave to sleep if you re flying at night and vou're 2lecping i the
dav, | quess wwhat you're really saving 1= that the chances are you're goi:g to become
semewchas sicep deprived over time

That's right.

And so the only way you correct that, ne matter how much time you ar: getting to sleep,
you're still going to be somewhat sleep deprived. So the only way you re going to break
that cycle 1s periodically if you have a certain amount of time off and yeu sleep during
ichat might be considered your normal sleep period to restore that.

Well, at the present time that really is the only effective way. | think that we take
the position that there's never an adjustment to that type of schedule. You
referred to night duty...and you would think that if a person did it all the time they
ought to adjust, ..but all the studies always show impairment in sleep loss.

Dr. Dement, ...we're really at the point now where we're going beyond the philosophy
and we're trying to put our finger on numeric values. Our position at least from the
pilots” standpoint, is that we see the need for a 10-hour sleep opportun:ty knowing that
the opportunity may not always be at the best time of the day. We're facing an industry
position that is looking for 8 hours as the minimum. Our position is predicated on the



I'm typically so sleep deprived that [can’t understand rest of statement.]

Years ago, just to make a dramatic point, we were approached before we knew
about sleep debt, before we could measure sleepiness. It was in the 60s we
were approached by a company that had a billion-dollar bed (ceramic bead bed —
billions of little beads. They use them now for burn patients. It's supposed to be
the most comfortable surface ever. So we got a group of students. We had a
regular bed, the cold concrete floor condition and the beaded bed. To our utter
amazement, sleep was the same in all three conditions. The students who were
doing this were on spring break, they probably had a 100-hour sleep debt, they
could probably sleep anywhere, and that to me is a symptom of grave concem.
If you could sleep anywhere.. anytime you are very sleep deprived....that's not
good. That's another mythology. People get so macho. Saying that they can
sleep anywhere is like saying they were drunk or they could drive when they're
drunk. People misunderstand that. That's a symptom of severe sleep
deprivation.

I have a couple questions. First of all, if we consider we are dealing with an individual
who had no accrued sleep debt and that individual awoke in the merning, what does the
science say about the amount of time awake that individual would have before, or is there
any kind of . ..

Well. probably if he's getting up in the daytime. that person could not possibly
sleep in the daytime.

I'm not talkoizabout sleeping. Hotw long could he be awake before he.. ..

Oh. well. maybe 16 hours would be the usual time he's awake. One of the things
that we -- at least | and | think most of my colleagues -- agres on is that all
wakefulness is sleep deprivation. [n the model of sleep regulation, you need that
accumulated sleep debt of 16 hours to, in a sense, power the sleep of the night.

If you dudn 't nave a sleep debt, how many hours would you have te be awake before you
could be ablc to take a nap? Is there any measurement that has becn done?

First of all. it's so difficult to get a human being in a state of no sleep debt. I'm
not sure that it has ever happened. The closest we've come are in the study |
briefly alluded to where the people had to spend 14 hours in bed in the dark
every night for 5 weeks. At the end of those last few weeks. we think they were
getting up with O sleep debt. It would take them 2 hours to fall asleep and they
had terrible sleep because they tried to do it in 14 hours. If you have a minimum
sleep debt. then | would say | don't think you could fall asleep....it would be the
whole day | would think before you could really confidently fall asleep. One of
the things I'm not 100% sure is how much monotony and sensory isolation can



| wanted to say three or four things about sleep. First of all, I'll preface this by
saying last year when we changed to daylight savings time, there was a National
Sleep Awareness Week sponsored by the National Sleep Foundation, which by
the way, is a major resource in the education and is based in Washington, DC. It
created a sleep 1Q test for the American public. The American public did more
poorly than chance on this test. Not only then is there a pervasive lack of
awareness by the general public, but there’s also the presence of certain
mythologies which then lead you to pick wrong answers more frequently than by
chance alone. A lot of those mythologies are still in the transportation industry. |
think there is no question about that.

The first thing that most people should be aware of is very simple: what is sleep?
The fundamental difference between wake and sleep (and there’s some very
elegant research being presented about what actually goes on in the brain at that
momentary transition) is that first, the transition is very rapid and can take place
in less than a second. One moment you are awake and conscious of the outer
world and then next moment you are asleep and unconscious of the outer world.
When you’re very fatigued, you can go to sleep instantly, and at that moment you
don't see anything or hear anything. That's what makes falling asleep so very
dangerous because you will not respond to a signal. The only thing that a
stewardess could do is to wake you up. Often in a fatigued person, the
awakening stimulus must be very, very intense.

So, anyone who thinks that moving towards sleep is in the least little bit safe is
completely wrong if you want a human being to function at any level at all. The
transition is very. very rapid.

Then there's the period of fatigue that | like to call “fatal fatigue™ which is
approaching the moment of sleep and depending on the degree of fatigue. can
be fairly rapid. But that's a period of great impairment where you miss signals.
you misjudge, your memory is impaired. your reaction time is elevated, etc. You
are now very close to the threshold of unconsciousness....the moment of sleep.

There's a very dramatic study that I'd like to tell you about because it should stick
in your memory. You have someone lying on a table with the eyelids taped open
and a 50,000 power strobe light 6" from the nose. When that thing flashes. the
table almost wiggles. He is supposed to press a little switch when it flashes, and
you'll be making it flash and suddenly the person will not press the switch.
apparently wide-awake. You ask him, “Why didn’t you press the switch?” “Well,
the light didn't flash.” And if you look at the brain wave recording you'll see that
there's a micro sleep right at the moment the light flashed. So that's how
powerful that is. There's been a recent study in heavy trucks with brain wave
recording in the cab as the drivers are driving, and yes indeed there are lots of
micro sleeps there. They really do occur.



Going beyond that, what is probably the most greatest points of contention right now —
the debate between the pilots and the industry operators — is the fact that the operators
would like to extend this reserve availability period in excess of what you say is 14 or 15
or 16 hours, whatever the case may be, to a larger increment, extending that reserce
availability period based upon an advance notice of a nap opportunity. In other words, a
pilot comes on call at 8:00 a.m. He is then told at 9:00 a.m. that he is to report for duty 5
hours later. The industry’s position is that the notice constitutes an opportunity for
additional rest which then would be utilized to add more restorative energy, or analogous
to putting more charge into a battery, to carry that pilot into more of an extended duty
period with an additional amount of time. ... up to in certain cases 24 hours of duty.
What is your feeling on that type of scenario?

To me, that's a recipe for disaster because if you have a responsible, professional
pilot -- who has a reasonable schedule, I guess — who is not horribly sleep
deprived, and who has a fairly stable circadian rhythm, then the likelihood that
he can get adequate sleep by trying to nap I think is relatively small. I would not
depend onitatall. I would think also to have to do it sort of unexpectedly like
this....Oh! Take a nap....Only people who are very sleep deprived....

Can I ask that question a different way?

Sure.
Let's sau [ have & 1U-hour sleep opportimity: 10 pom. o & a.m. That meam I'm available
for 14 hours urzss thew fly me into the next 10 p o, 2: tonight. Could I not get zcall

say at noon and a1y instead of you being oft tonqu tat JO p.m., we want you to work
until seven tomzrrowe morning but vou aren’t going to go to work until 10:00 tha: night.
So thew cali me iz noon, they give a 10-hour notice that I'm not going to have to goto
work until 10 hewrs from noon, so at 2200 1 report for work, and they want me to fly
until 0800. Se :uat would be a total of 24 hours from: the time Itheorefzcallu woke up and
I've had a 10-hewr notice that I was going to beﬂymg this fatiguing schedule. Wo ald
that be safe’?

Well, I wouldn't be on your plane. No. I think that's almost insanity in the sense
of saving that 1s safe. First of all, naps can’t be depended on - even under ideal
circumstances - to get you through this period when the biological clock alerting
is gone, when vou're alone with yvour sleep debt so to speak, during the WOCL.
There’s no wav that isn’t going to be dangerous. Yes, there mav be exceptions,
but it’s always going to be dangerous. The likelihood is not good that you would
be able to have some kind of good luck that you did sleep a lot, and that has
gotten vou through. First of all, vou would not be at your peak performance.
There is just no way. You cannot achieve peak performance during that period
of time. Maybe for 10 minutes. The notion that vou can depend on getting
adequate sleep I think is just wrong. You can go into a laboratory and you can



So those are the three main things. These are established facts. | don’t think the
scientific evidence is conclusive and those are the things we take into
consideration when we try to apply the knowledge to the practical or operational
situation. Any questions on that?

People say, “Can you accumulate a debt for a year?” We don’'t know because
those studies haven't been done. But there’s no evidence whatsoever that says
“No, it levels off,” or “No, it changes.” All the evidence says that you keep
accumulating a debt as long as you keep losing sleep below your specific daily
requirement. There’s no evidence that you can change this. | suppose you
could ski or play basketball as opposed to just sit in a hot room and that would
make a little difference but that doesn’t change your sleep requirement.

Anybody got any questions?
I've got a question. Napping: does that in any way alleviate the sleep debt?

Let's say you have a 40-hour sleep debt and you have a ten-minute nap. So now
your sleep debt might be 39 hours and 50 minutes. [t wouldn’t make any
difference there. A lot of the napping is done after lunch. Most people, and
especially younger people — and | don't know what the average age is in this
group — but younger people have strong clock-dependent alerting late in the day.
So you have sort of an illusion. You happen to take a nap just before the clock
turns on. |s the alerting partly a result of the nap or not? Mostly not, but | would
say until proven otherwise that a nap. if it is good sleep (which it usually isn't) is
minute per minute doing what sleep would do, but it's usually nowhere near the
total amount that you require.

Dr. Dement, I have a list of questions that pertain to our task of kelping to define flight
time and duty time regulations and if I could just take the liberty of asking these
particular questions and open up the floor for any other remaining questions that other
people may have. One of the most basic tasks is for us to agree on a recommendation for a
sleep opportunity,. ... to afford every reserve pilot the opportunity of a protected time
period so that he or she is absolutely insulated from contact from the operator. How
many hours do you recommend for a minimum fixed sleep opportunity?

I will start out by assuming that we would take 8 hours of sleep as the most
common requirement. Then you need to add to that in order to be able to get the
proper amount of sieep. In your situation, | would think it would be a littie larger
than it might be for someone who really wasn't doing anything. So I'd add a
couple of hours to get the proper amount of sleep.

Are there any findings as far as the amount of sleep loss or the ability to sleep during less
than desirable times of the day and what a person could expect?



could certainly get the probability up, but it’s not something that you could ever
really control. Again, there ought to be a better wav.

That's the problem: a better wav. Understandably, that s not desirable but the question
1s: how do you best prepare for that?

You're saying if the notice is given with the 10-hour window?
Management would like a 10-hour notice.

It would seem to me that a better approach would be to have a 24-hour window
or some longer period. Say you get notified the day before. I suppose there are
emergencies and so on, and you would be called for those exceptions... and a
pilot would have so many exceptions over such and such portions of time
depending on the emergencies and whatever constraints....

Some types of operations operate without a schedule.
That's the worst.

I 'have 2 questions, doctor. First. a person that has adequate sleep wakes up non- sleep
devrived at 3:00 2m. Fourteen hours later it’s 2200 and 2e's driving home from dinner

with s wite. Is he imparred?

[ have to sav it depends on hus age probably. The impairment is starting
probablv. You don't go straizht down; you go down with an accelerating level of
impairment. Most of the studies in the laboratory sav depending upon where
vour mid dav dip is, vour performance will start decreasing in the late evening.

We're not fam:liar with the mud-day dip. The late evennigis ....7

['m thinking 10:00.

If a person was to fly so as to stop flying at 8:00 a.m. and he was to fly throughout the
0200 - 0600 tire frame, what t:me should he be waking up i1 order to be best prepared
for that flight that lands at 8:00 a.m.?

I know you said he’s flying. He's waking up?

No. When should he wake up to be best prepared for a fi:Sht that would include landing
at 8:00 a.m.? If he starts at midnight. How do you get prepared for that even if (I'm not

talking about reserve or anything)... What should a pilot do, how should he plan his day
to wake up at the right time to be most alert at 8:00 a.m.’
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fact that 8 hours may be adequate if it overlaps the WOCL. But since we don't know for
sure when we're going to have that opportunity, we believe that, or we think that having
that extra 2 hours is going to give us a little more of a buffer, especially when it comes
during the daytime. Would you consider that to be a conservative and a justified
position?

Absolutely. | don't think you could possibly assume someone is going to fall
asleep instantly and then sleep continuously for 8 hours, not even under the most
ideal circumstances. Maybe it should be longer.

By the same token, say that same individual who was supposed to sleep had the perfect
time during the day and was supposed to sleep during the day, hadn'’t slept the previous
night and he had normal sleeping hours because he was not disturbed for any duty
assignment. What effect does that have on his subsequent rest period?

In the ideal situation if someone sleeps the normal amount at night, they can’t
sleep at all during the day. We are pretty much a sleep-deprived nation so that
we do have this mid day dip in alertness. Most people say they get drowsy after
lunch. That's sleep deprivation. If you were not dealing with someone who is
extremely sleep deprived, then | would say sleeping a normal amount at night
becomes very difficult, or it should become very difficult to sleep in the daytime.
That is a fact if the carryover sleep debt isn't large, it's definitely more sensitive to
stimuli. etc. and you're fighting the biological clock for much of the day.

Have you ever conducted these tests when they're wearing a uniform?

[Laughter] Well, we did some testing but | think they took them off when they
went to bed.

I fly at might all the time and orly get rest during the day. [ heard that if you sleep
during t}ze optzmum time of dav. vou really need to have about a 10-hour period in which
to get vour 7 V2 or 8 hours of sicep. If you de not ever have the opportunity to sleep for 7
- 10 days i a row, you are never able to sleep during the optimum time. I heard you say
that vou always need more thar: 10 hours to get even reasonable sleep even though you
probablu never will achieve adejuate sleep. Can you put any kind of a number on the
gross amount of time you could have available for sleep opportunity to try to restore
sleep?

The problem is that there becomes inefficiency. You don't want to spend 16
hours in bed to get 8 hours of sleep. There just isn't a good solution to be
perfectly honest. The main thing you need to know then is first, at what period of
the day in your clock (God knows where your clock is) there is some period when
it's the most difficult to sleep. Hopefully you know that about yourself. Obviously
you avoid that. |f you can schedule more than 10 hours, not at that time, then
you yourself will need to determine if you can do it in a minimum of 10 hours, or
does it take 13. That would be a horrible life.. to spend all that time in bed.



that WOCL, if you will. Whether it’s low because you napped or low because
you got lots of sleep the night before doesn’t matter. Both would be the best.

Should vou stay up until 3:00 a.m. so you can sleep later in the afterncon?
Not necessarily, no.
Should vou stick with normal sleeping and then try to get a nap before you go to work?

Yeah, I would say as much sleep as possible. But here again you need to know
yourself a little bit. But that’s not what rulemaking is all about. Rulemaking is
what fits everybody. Because of the uncertainty of being able to take a nap, I
mean it’s uncertain for me and I think it’s uncertain for pilots. Although again,
since pilots are generally more sleep deprived, they are more able to nap. If you
felt able to take a nap with absolute certainty, then you should take a nap. But
also get vour needed amount of sleep the night before.

We're shooting around the subject. I hate to break any of this up, but this question has
been plaguing this committee. The industry keeps harping on the fact that there should
be no difference between the schedule holder who knows he's got to flv from midnight to
8:00 a.m. If he can do it safelu. why can't a reserve that wakes up at the same time in the
morming (8:00 a.m. or 6:00 a m.). Why is it not safe for this reserve »:lot who does it
with notice?

I don t think it's safe for either pilot. Mavbe a little less dangerous in the sense of
performance, etc. But] think at least he has preparation. warrung, etc. and
knows his own strengths and weaknesses whereas the other pilot [ think is
alwavs without warning and has really no chance to prepare. 1 don't think the
two groups are the same.

Are vou impluing that the preparation should actually start the prev:ous night?

Yes. If I were going to drive all night, I wouldn’t want someone to tell me that
dav.

Thev're really killing us for making that same argument. I'mecan we make that argument
across the table and we get smiles and nods of the head and skrugs o the shoulders from
the other side. They say it's not a valid argument. That's aliays wrat thev come up
with.

They sav it’s not a valid argument? It is a supremely valid argument. I mean
that's just like saving down is up.
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you tolerate before you have a micro sleep? Two or three hours? Under
ordinary circumstances, daytime sleep is difficult.

Is there anything definitive that says which of these two situations would be more
fatiguing: an individual who has to stay up until 3:00 a.m. or an individual who is forced
to wake up at 3:00a.m.?

That’'s a good question. | would think both would be fatigued and it's so the
pattern might be a little different, but it would depend on how much sleep they
had prior to that. | would think though that going into action at 3:00 a.m. for most
people you'd be extremely impaired. On the other hand, some people, as you
get after midnight, become extremely impaired also. | don't think they’'ve ever
been compared head to head, but those are the kinds that would impair
performance. Period. There's a thought that people somehow get enough
adrenaline. Certainly students in exam week somehow get so stressed and so
anxious that they seem to be able to go a little longer. It's obvious that they're
paying a price when you look at them afterwards. That’s not something to rely
on. To me, it's only when you're trying to rescue people or something that you
would want to do that sort of thing.

Dr. Dement, after our reserve pilots receive their sleep opportunity, they become available
_for duty. We call the availability period the “reserve availability period” and that’s
rasically the time thev are available for work, for flying. After the sleep opportunity,

“onat would you consider to be a >afe limit of time since awake for a crewmember?

For the 10-hour period?
Yes

Fourteen hours. And | wouldn't say that's 100% safe but if you have a number,
that adds up to the 24-hour day. It ought to be reasonably safe.

Where do you get vour number from?

Well, it comes mainly in my head from circadian type 24-hour studies to see the
pattern of the manifestation of the drive to sleep versus the awakening effect of
the biological clock. If you're getting outside the 24-hour cycle. then you're going
to have periods of greater risk. | realize that operationally that's probably difficult,
but....

That assumes that the individual wakes up as soon as his protected time period is over.
So in other words, you see a complimentary factor: 9 hours of rest should dictate a 15-

Four availability period?

Yeah. I think most people would agree that would be the ideal.



It seems like common sense. Fairly obvious. One other quick question. It seems to be the
way you were going is that how much notice you're given is not as important as when
the notice falls. In other words, when the opportunity to rest based on this notice of
assignment, is that a fair assumption?

Well, the two aren’t exactly the same. I don’t mean to imply that when....I mean,
the longer you have, the better. I guess I don’t understand your question.

Well, that's kind of what I'm getting at. I guess it is....
I mean, generally you don’t get the notice in the middle of the night, do you?

Well, it would kind of depend....we're dealing with round-the-clock operations so we may
have situations where an individual’s protected time period this time he’s supposed to be
sleeping actually starts at 7:00 a.m. and goes to 3:00 in the afternoon. So he might get
notice in the middle of the night for an assignment that comes subsequent to that later on.
So we're dealing with round-the-clock operations and no guarantees.....

I would think notice in the middle of the night is useless. First of all, you disturb
the sleep and secondly it doesn’t really help vou with the next day any more than
notice at 8:00.

Takmg =ov 2 moment that you re not asleep, I mean that it's not vour normal sleep time.
! suess _uou re saving 1s thuat 14 Fours noticc or 12 would be better than 10 most

fxely.

Yeah. All other things being equal.
Did you ever fly the mudmight flichts?
No, not anvmore.

Especially after today, right?

Doctor, I'd like to think we'd be able to negotiate something like vou said: a 10-hour rest
period and a 14-hour maximum reserce availabil:tu period, but unfortunately, that's a
very high expectation. What we will be facing 15 ionger periods of reserve availability.
Based on the fact that we will be facing potentialiv onerous, long periods of time since
awcake, long reserve availability periods, do you think that being afforded a greater
amount of sleep opportunity will give us more of a protection against that longer duty?
Is there a relationship as far as the amount of restorative sleep as preparation for longer
pertod of duty?
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do some studies and you can demonstrate that occasionally someone will .
perform pretty well, but that's not 100°¢ ever. It’s never getting back to peak
performance and it's under the luxurious drcumstances of no interruptions, no
noise, etc. I wouldn't ever think that napping could make it safe going through
the night.

How about that the flight is going to happeri. There is going to be every day in America,
pilots that report to work at 2300 or whatever and fly until 0800 the next morning.
Now, what’s different about the man who knows a week, a month in advance that this is
going to be his schedule and the reserve pilot who finds out at noon after having woken
up at 8 a.m.? What would be the difference?

You know that the time you do all of the things you can to move toward a better
situation....You can never get to perfection, but the more practice, the more
warning, the better you'll be able to handle it. Some people learn that there is a
time when it’s quiet and if I do this, I can pretty much depend that I will fall
asleep. It’s not 100% but you kind of learn that or you practice or whatever. But
if it’s without warning, all bets are off.

Dr. Demenit, you've kind of led the discussicn into another area of this rulemaking that
has to do with an alternative method. Assumiing that the pilots in this protected time
period method were depleted, the carriers tien want to give pilots advance notice to cover
any mission or any assignment. They are .>>xing at 10 hours as the criteria. We don't
believe that to be adeguate based upon. ...

Are vou talking 10-hour warning?

Ten—lhour warning. wes. Todo anything.

That would be 100° wrong.

Why?

Well, because the 10 hours could fall sort of toward the beginning of what we call
“clock dependent learning.” There’s no way you could sleep. And then you go

into vour duty period at the worse possible time you could have that situation.

What sort of time would you think would b adequate to gice a guy enough time to get an
opportunity to rest so that he would be safer than 10 hours?

Twenty-four hours. At least a day before. Wouldn’t you think? Idon’t see how

you can get notified as the day is beginning and feel you could depend on being
able to take a nap. If it happened every day or somehow you know that you
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All sorts of things happen, but the major thing of course is that you are now
trying to sleep when the body wants to be awake and you're trying to be awake
when the body wants to be asleep because you left the circadian stability that
vou talked about.

[Question cannot be heard]

No, I think in summary, ....science is really clarifying these issues that people
have been struggling with for many years, and there is always a resistance to
change. But I think one of the things that we confronted in our Congressional
commission is that a lot of the bad effects of sleep loss and impaired performance
are frequently not obvious because there has not been a history of really looking
for them. One of the studies that impressed me the most in that regard was an
anonymous survey of hospital house staff. I don’t remember the exact question,
but it was that 42% in this anonymous survey had killed a patient as a result of a
fatigued-based error. Well, who knows that? Who wants to know it? If we had
the power to really take a look at the price of fatigue, it would be enormous. 1
think these things are just beginning to emerge and they seem to threaten
management, threaten economic realities, but I think once there’s this move
toward help and peak performance and utilizing all this scientific knowledge
that evervone will benefit. There will be ways to deal with these things and it
will get better and better and the benefits will be recognized more and more. I
think one of the problems in the trucking industry is the same kind of thing:
what's the cause of all the crashes? Frequently, these causes aren’t really
assessed, and the public doesn’t recognize the liability, but it's coming. I'm sure
at some point its better to be safe than to be sorry. Because sorry is lawsuits and
lost lives, tremendous damage to property. Those things are going to be equated
sooner or later.

END TAPE
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First of all, why does he have to wake up at 8:00?
No, no. He's flying at 8:00. He's flying from midnight to 8:00.

Oh, okay. But basically what should he do the day before if it's a midnight
flight? 1assume sleep as late as possible.

On his normal sleep cycle like you first said?
Yeah.

And then what?

And he’s free all day?

Yeah. He doesn’t have to do anything. ...

If he knows that he has this post prandial period of diminished alertness | I
would try to take a nap at that point in time.

Late afternoon?

Yeah.

1

[ don’t know what postrrandial. ..

It means after lunch. Parenthetically, I've been working with students and I've
been finding (because I've been working with very small groups) that if they
start by learning how much sleep thev need as an individual, when is their time
of peak learning, when is their circadian nadir, they are able to make some
choices in preparation for exams, etc. that are a great Improvement over their
previous situation where thev didn’t know these things. What vou're trying to
do is to get your sleep debt as low as possible and utilize what vou know about
yourself to accomplish that. Part of it would be, as a responsible pilot, you
would do that as kind of a lifestyle. Maybe the lifestyle is changing a little bit but
vou're always trving to keep vour sleep debt low so vou never have to do
something like when vou are already really dangerous because vour sleep debt
may be 40 or 50 hours imperceptibly accumulated. Then again I'd tell you the
best preparation is to get as much sleep the night before. The pilots in this NASA
layover study seem to be pretty good at taking naps. Not perfect, but pretty
good. We decided the reason for that is they were sleep deprived. They could
take a nap. So there’s that sort of tradeoff. Then the issue is whether or not the
sleep closer to the duty period is necessarily better. I don’t think it matters.
When you start that period, what is your sleep debt when you're going to go into
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Fatigue, Alcohol and Performance Impairment
Nature. Volume 388, July-August 1997

Reduced opportunity for sleep and reduced sleep quality are frequently
related to accidents involving shift-workers!-. Poor-quality sleep and
inadequate recovery leads to increased fatigue, decreased alertness and
impaired performance in a variety of cognitive psychomotor tests*. However,
the risks associated with fatigue are not well quantified. Here we equate the
performance impairment caused by fatigue with that due to alcohol
intoxication, and show that moderate levels of fatigue produce higher levels of
impairment than the proscribed level of alcohol intoxication.

Forty subjects participated in two counterbalanced experiments. In one
they were kept awake for 28 hours (from 8:00 until 12:00 the following day}).
and in the other they were asked to consume 10-15g alcohol at 30-min
intervals from 8:00 until their mean blood alcohol concentration reached
0.10%. We measured cognitive psychomotor performance at half-hourly
intervals using a computer-administered test of hand-eye coordination (an
unpredictable tracking task). Results are expressed as a percentage of
performance at the start of the session.

Performance decreased significantly in both conditions. Between the
tenth and twenty-sixth hours of wakefulness, mean relative performance on the
tracking task decreased by 0.74% per hour. Regression analvsis in the
sustained wakefulness condition revealed a linear correlation between mean
relative performance and hours of wakefulness that accounted for roughly 90%
of the variance (Fig. 1a).

Regression analysis in the alcohol condition indicated a significant linear
correlation between subject’'s mean blood alcohol concentration and mean
relative performance that accounted for roughly 70% of the variance (Fig. 1b).
For each 0.01% increase in blood alcohol. performance decreased by 1.16%.
Thus. at a mean blood alcohol concentration of 0.10%. mean relative
performance on the tracking task decreased, on average by 11.6%.

Equating the two rates at which performance declined (percentage
decline per hour of wakefulness and percentage decline with change in blood
alcohol concentration), we calculated that the performance decrement for each
hour of wakefulness between 10 and 26 hours was equivalent to the
performance decrement observed with a 0.004% rise in blood alcohol
concentration. Therefore. after 17 hours of sustained wakefulness (3:00).
cognitive psychomotor performance decreased to a level equivalent to the
performance impairment observed at a blood alcohol concentration of 0.05%.
This is the proscribed level of alcohol intoxication in many western
industrialized countries. After 24 hours of sustained wakefulness (8:00)



cognitive psychomotor performance decreased to a level equivalent to the
performance deficit observed at a blood alcohol concentration of roughly
0.10%.

Plotting mean relative performance and blood alcohol concentration
‘equivalent’ against hours of wakefulness (Fig. 2), it is clear that the effects of
moderate sleep loss on performance are similar to moderate alcohol
intoxication. As about 50% of shift-workers do not sleep on the day before the
first night-shift®, and levels of fatigue on subsequent night-shifts can be even
higher®. our data indicate that the performance impairment associated with
shift-work could be even greater than reported here.

Our results underscore the fact that relatively moderate levels of fatigue
impair performance to an extent equivalent to or greater than is currently
acceptable for alcohol intoxication. By expressing fatigue-related impairment
as a ‘blood-alcohol equivalent’, we can provide policy-makers and the
community with an easily grasped index of the relative impairment associated
with fatigue.

[Note: Retyped. Endnotes and Figures 1 and 2 are illegible and have been
omitted.]
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SUMMARY

The present study systematically compared the effects of sustained wakefulness and alcohol
intoxication on a range of neurobehavioural tasks. By doing so, it was possible to quantify the
performance impairment associated with sustained wakefulness and express it as a blood alcohol
impairment equivalent. Twenty-two healthy subjects, aged 19 to 26 years, participated in three
counterbalanced conditions. In the sustained wakefulness condition, subjects were kept awake
for twenty-eight hours. In the alcohol and placebo conditions, subjects consumed either an
alcoholic or non-alcoholic beverage at 30 minute intervals, until their blood alcohol concentration
reached 0.10%. In each session, performance was measured at hourly intervals using four tasks
from a standardised computer-based test battery. Analysis indicated that the placebo beverage
did not significantly effect mean relative performance. In contrast, as blood alcohol concentration
increased performance on all the tasks, except for one. significantly decreased. Simularly. as
hours of wakefulness increased performance levels for four of the six parameters significantly
decreased. More importantly. equating the performance impairment in the two conditions
indicated that. depending on the task measured. approximately 20 to 25 hours of wakefulness
produced performance decrements equivalent to those observed at a BAC of 0.10%. Overall.
these results suggest that moderate levels of sustained wakefulness produce performance
equivalent to or greater than those observed at levels of alcohol intoxication deemed

unacceptable when driving, working and/or operating dangerous equipment.

KEY WORDS sustained wakefulness, alcohol intoxication, performance impairment



INTRODUCTION

The negative impact of sleep loss and fatigue on neurobehavioural performance is well
documented (Gillberg et al., 1994; Mullaney er al., 1983; Tilley and Wilkinson, 1984). Studies
have clearly shown that sustained wakefulness significantly impairs several components of
performance, including response latency and variability. speed and accuracy, hand-eye
coordination, decision-making and memory (Babkoff er al.. 1988: Linde and Bergstrom, 1992;
Fiorica et al., 1968). Nevertheless, understanding of the relative performance decrements

produced by sleep loss and fatigue among policy-makers, and within the community, is poor.

By contrast, the impairing effects of alcohol intoxication are generally well accepted by the
community and policy makers, resulting in strong enforcement of laws mandating that individuals
whose blood alcohol concentration exceeds a certain level be restricted from driving, working
and/or operating dangerous equipment. Consequently, several studies have used alcohol as a
standard by which to compare impairment in psychomotor performance caused by other
substances (Heishman er al.. 1989: Dick er al. 1984; Thapar er al.. 1995). By using alcohol as a

reference point, such studies have provided more easily grasped results regarding the

performance impairment associated with such substances.

In an attempt to provide policy makers and the community with an easily understood index of the
relative risks associated with sleep loss and fatigue, Dawson and Reid (1997) equated the
performance impairment of fatigue and alcohol intoxication using a computer-based unpredictable
tracking task. By doing so. the authors demonstrated that one night of sleep deprivation

produces performance impairment greater than is currently acceptable for alcohol intoxication.



While this initial study clearly established that fatigue and alcohol intoxication has quantitatively
similar effects, it should be noted that performance on only one task was investigated. Thus, it is
unclear at present whether these results are restricted to hand-eye coordination, or characteristic
of the general cognitive effects of fatigue. While it is generally accepted that sleep loss and
fatigue are associated with impaired neurobehavioural performance, recent research suggests that
tasks may differ substantially in their sensitivity to sleep loss. Studies addressing this issue have
suggested that tasks which are complex, high in workload, relatively monotonous and which

require continuous attention are most vulnerable to sleep deprivation (Johnson, 1982; Wilkinson,

1964).

As conditions that cause deterioration in one particular function of performance may leave others
unaffected. it is unreasonable to assume that one could predict all the effects of sleep loss from a
single performance test. Thus, the current study sought to replicate and extend the initial findings
of Dawsen and Reid (1997) by systematically comparing the effects of sleep deprivation and

alcohol intoxication on a range of performance tasks.



METHOD

Subjects

Twenty-two participants, aged 19 to 26 years, were recruited for the study using advertisements
placed around local universities. Volunteers were required to complete a general health
questionnaire and sleep/wake diary prior to the study. Subjects who had a current health
problem, and/or a history of psychiatric or sleep disorders were excluded. Subjects who smoked
cigarettes or who were taking medication known to interact with alcohol were also excluded.
Participants were social drinkers who did not regularly consume more than six standard drinks

per week.

Performance Battery

Neurobehavioural performance was measured using a standardised computer based test battery.
The apparatus for the battery consists of an IBM compatible computer, microprocessor unit.
response boxes and computer monitor. Based on a standard information processing model
(Wickens, 1984). the battery sought to provide a broad sampling of various components of
" neurobehavioural performance. Four of twelve possible performance tests were used, such that
the level of cognitive complexity ranged from simple to more complex (as listed below). Since
speed and accuracy scores can be effected differently by sleep deprivation (Angus and

Heslegrave. 1985; Webb and Levy, 1982). tasks that assessed both were investigated.



The simple sensory comparison task required participants to focus on an attention fixing spot
displayed on the monitor for 750ms. Following this, a line of stimulus characters, divided into
three blocks of either numbers, letters or a mixture was displaved. Participants were then required
to respond to a visual cue, which appeared in the position of one of the stimulus blocks, by
naming the block, which had been there. Verbal responses were scored as correct, partially

correct or incorrect.

The unpredictable tracking task (three-minute trials) was performed using a joystick to control
the position of a tracking cursor by centering it on a constantly moving target. Percentage of

time on target was the performance measure.

The vigilance task (three and a half minute trials) required subjects to press one of six black
buttons or a single red button. depending on which light was illuminated. If a single light was
iluminated. subjects were required to press the corresponding black button underneath it. If
however. two lights were illuminated simultaneously. subjects were required to press the red
button. For this report. two vigilance measures were evaluated: 1) the number of correct

responses (accuracy). and 2) increases in the duration of responses (response latency).

The grammatical reasoning task required subjects to indicate whether a logical statement,
displayed on the monitor, was true or false. Subjects were presented with 32 statements per trial,
and instructed to concentrate on accuracy. rather than speed. Both accuracy (percentage of

correct responses) and response latency were evaluated in this report.



During test sessions, subjects were seated in front of the workstation in an isolated room, free of
distraction. and were instructed to complete each task once (tasks were presented in a random
order to prevent order effects). Each test session lasted approximately 15 minutes. Subjects
received no feedback during the study, in order to avoid knowledge of results affecting

performance levels.

Procedure

Subjects participated in a randomised cross-over design involving three experimental conditions:
1) an alcohol intoxication condition, 2) a placebo condition, and 3) a sustained wakefulness
condition. During the week prior to commencement of the experimental conditions, all
participants were individually trained on the performance battery, to familiarise themselves with
the tasks and to minimise improvements in performance resulting from learning. Subjects were

required to repeat each test until their performance reached a plateau.

The subjects reported to the laboratory at 8:00pm on the night prior to each condition. Prior to
retiring at 11:00pm, subjects were required to complete additional practice trials on each tasks.
Subjects were woken at 7:00am, following a night of sleep, and allowed to breakfast and shower

prior to a baseline testing session, which started at 8:00am.

Alcohol Intoxication Condition

Subjects completed a performance testing session hourly. Following the 9:00am testing session,
each subject was required to consume an alcoholic beverage, consisting of 40 percent vodka and
a non-caffeinated softdrink mixer, at half hourly intervals. Twenty minutes after the consumption

of each drink, blood alcohol concentrations (BAC) were estimated using a standard calibrated



breathalyser (Lion Alcolmeter S-D2, Wales). accurate to 0.005% BAC. When a BAC of 0.10%
was reached no further alcohol was given. Subjects were not informed of their BAC at anytime

during the experimental period.

Placebo Condition

The procedure for the placebo condition was essentially identical to the alcohol condition.
Subjects in the placebo condition had the rim of their glass dipped in ethanol to give the
impression that it contained alcohol. To ensure that subjects remained blind to the treatment
condition to which they had been allocated, approximately equal numbers of subjects received

alcohol or placebo in any given laboratory session.

Sustained Wakefulness Condition

Subjects were deprived of sleep for one night. During this time, they completed a performance
testing session every hour. In between their testing sessions, subjects could read. write, watch
television or converse with other subjects. but were not allowed to exercise, shower or bath.
Food and drinks containing caffeine were prohibited the night before and during the experimental

conditions.

Statistical Analysis

To control for inter-individual variability on neurobehavioural performance, test scores for each
subject were expressed relative to the average test scores they obtained during the baseline
(8:00am) testing session of each condition. Relative scores within each interval (hour of
wakefulness or 0.01% BAC intervals) were then averaged to obtain the mean relative

performance across subjects. Neurobehavioural performance data in the sustained wakefulness



and alcohol intoxication conditions were then collapsed into two-hour bins and 0.02% BAC

intervals, respectively.

Evaluation of systematic changes in each performance parameter across time (hours of
wakefulness) or blood alcohol concentration were assessed separately by repeated-measures
analysis of variance (ANOVA). with significance levels corrected for sphericity by Greenhouse-

Geisser epsilon.

Linear regression analysis was used to determine the relationship between test performance,
hours of wakefulness and alcohol intoxication. The relationship between neurobehavioural
performance and both hours of wakefulness and BAC are expressed as a percentage drop in
performance for each hour of wakefulness or each percentage increase in BAC, respectively. For
each performance parameter. the percentage drop in test performance in each of the two
conditions was also equated. and the effects of sustained wakefulness on performance expressed

as a BAC equivalent.



RESULTS

Alcohol Intoxication Condition
Table 1 displays the results of the ANOVAs run on each performance variable as a function of
BAC. Five of the six performance parameters significantly (p = 0.0008-0.0001) decreased as

BAC increased, with poorest performance resulting at a BAC of 0.10 or greater.

The linear relationship between increasing BAC and performance impairment was analysed by
regressing mean relative performance against BAC for each 0.02% interval. As is evident in
Table 2, there was a significant (p = 0.0132-0.0002) linear correlation between BAC and mean
relative performance for all of the variables except one. It was found that for each 0.01%

increase in BAC, the decrease in performance relative to baseline ranged from 0.29 to 2.68%.

Placebo Condition
To ensure that differences in performance reflected only the effects of actual alcohol intoxication
a placebo condition was incorporated into the study. As indicated in Table 1, mean relative

performance in the placebo condition did not significantly vary.

Sustained Wakefulness Condition

Table 1 displays the results of the ANOVAs for each performance variable as a function of hours
of wakefulness. Four of the six performance parameters showed statistically significant (p =
0.0001) variation by hours of wakefulness. In general, the hours-of-wakefulness effect on each

performance parameter was associated with poorest performance resulting after 25 to 27 hours of

wakefulness.
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Since there is a strong non-linear component to the performance data. which remained at a fairly
stable level throughout the period which coincides with their normal waking day, the performance
decrement per hour of wakefulness. was calculated using a linear regression between the

seventeenth (equivalent to 11:00pm) and twenty-seventh hour of wakefulness.

As indicated in Table 2, regression analyses revealed a significant linear correlation (p = 0.0011-
0.0001) between mean relative performance and hours of wakefulness for four of the six
performance variables. Between the seventeenth and twenty-seventh hours of wakefulness, the

decrease in performance relative to baseline ranged from 0.61 to 3.35% per hour (Table 2).

Sustained Wakefulness and Alcohol Intoxication

The primary aim of the present study was to express the effects of SW on a range of
neurobehavioural performance tasks as a blood alcohol equivalent. Figures 1-6 illustrate the
comparative effects of alcohol intoxication and sustained wakefulness on the six performance
parameters. When compared to the impairment of performance caused by alcohol at a BAC of
~ 0.10%. the same degree of impairment was produced after 20.3 (grammatical reasoning response
latency). 22.3 (vigilance accuracy). 24.9 (vigilance response latency) or 25.1 (tracking accuracy)
hours. Even after 28 hours of sustained wakefulness. neither of the remaining two performance
variables (grammatical reasoning accuracy and simple sensory comparison) decreased to a level

equivalent to the impairment observed at a BAC of 0.10%.
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DISCUSSION

In the present study moderate levels of alcohol intoxication had a clearly measurable effect on
neurobehavioural performance. We observed that as blood alcohol concentration increased
performance on all the tasks, except for one, significantly decreased. A similar effect was
observed in the sustained wakefulness condition. As hours of wakefulness increased performance
levels for four of the six parameters significantly decfeased. Comparison of the two effects
indicated that moderate levels of sustained wakefulness produce performance decrements

comparable to those observed at moderate levels of alcohol intoxication in social drinkers.

As previous research has found that some individuals tend to perform in a manner that is
consistent with the expectation that they are intoxicated due to alcohol consumption
(Brechenridge and Dodd, 1991). a placebo condition was included in this study. We found that
the placebo beverage did not significantly effect mean relative performance. Thus, it was
assumed that performance decrements observed during the alcohol condition were caused solely
by increasing blood alcohol concentration. Moreover. it is worth noting that the placebo

condition in this study generally did not create the perception of alcohol consumption.

.Furthermore, when participants had already experienced the alcohol condition, and thus the

effects of alcohol on their subsequent behaviour and performance, placebo beverages were even
less convincing, suggesting that inclusion of a placebo condition is not necessary in future studies

of a similar nature.

In general, increasing blood alcohol concentrations were associated with a significant linear
decrease in neurobehavioural performance. At a BAC of 0.10% mean relative performance was

impaired by approximately 6.8% and 14.2% (grammatical reasoning accuracy and response
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latency, respectively), 2.3% and 20.5% (vigilance accuracy and.response latency, respectivelyy or
21.4% (tracking). Overall, the decline in mean relative performance ranged from approximately
0.29% to 2.68% per 0.01% BAC. These results are consistent with previous findings that
suggest that alcohol produces a dose-dependent decrease in neurobehavioural performance

(Billings et al., 1991).

In contrast, mean relative performance in the sustained wakefulness condition showed three -
distinct phases. Neurobehavioural performance remained at a relatively stable level during the
period which coincided with the normal waking day (O to 17 hours). In the second phase,
performance decreased linearly. with poorest performance generally occurring after 25 to 27
hours of wakefulness. It was observed that mean relative performance increased again after 26 to
28 hours of wakefulness presumably reflecting either the well reported circadian variation in

neurobehavioural performance (Folkard and Tottersdell. 1993) or an end of testing session effect.

The linear decrease in performance observed for four of the measures in this study is consistent
with previous studies documénting neurobehavioural performance decreases for periods of
sustained wakefulness between 12 and 86 hours (Linde er al. 1992; Stor_er et al. 1989: Fiorica et
al. 1968). Between the seventeenth and twenty-seventh hours of wakefulness, mean relative
performance significantly decreased at a rate of approximately 2.61% (grammatical reasoning
response latency). 0.61 and 1.98% (vigilance accuracy and response latency, respectively) or

3.36% (tracking) per hour.

While the results in each of the experimental conditions are interesting in themselves, and have

been previously established. the primary aim of the present study was to compare the effects of
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alcohol intoxication and sustained wakefulness. Equating the effects of the two condi.tions
indicated that 17 to 27 hours of sustained wakefulness (from 12:00am to 10:00am) and moderate
alcohol consumption have quantitatively similar effects on neurobehavioural performance.
Indeed, the findings of this study suggest that after only 20 hours of sustained wakefulness

performance impairment may be equivalent to that observed at a BAC of 0.10%.

This study has confirmed the suggestion made by Dawson and Reid (1997) that moderate levels
of sustained wakefulness produce performance decrements equivalent to or greater than those
observed at levels of alcohol intoxication deemed unacceptable when driving, working and/or
operating dangerous equipment. More importantly, however, this study was designed to
determine whether the results of Dawson and Reid (1997) were an isolated finding. or
characteristic of the general cognitive effects of sleep deprivation. Using the degree of
impairment caused by alcohol that produced a BAC of 0.10% as a standard, this study
systematically compared the effects of sustained wakefulness on a range of neurobehavioural
tasks. Results indicate that while. in general. sustained wakefulness had a detrimental effect on
psychomotor performance. the specific components of performance differed in their degree of

sensitivity to sleep deprivation.

The observed differences between the performance tasks with respect to the vulnerability to sleep
deprivation can be explained by their relative degrees of complexity. That is to say, the more
complex neurobehavioural parameters measured in the present study were more sensitive to sleep
deprivation than were the simpler performance parameters. While only 20.3 hours of sustained
wakefulness was necessary to produce a performance decrement on the most complex task

(grammatical reasoning) equivalent to the impairment observed at a BAC of 0.10%, it was after

14



22.3 and 24.9 hours of sustained wakefulness that a similar result was seen in a less complex task
(vigilance accuracy and response latency. respectively). Furthermore, on the unpredictable
tracking task, a slightly less complex task than vigilance, a decrement in performance equivalent

to that observed at a BAC of 0.10% was produced after 25.1 hours of wakefulness.

It was observed that, despite a slight downward trend, performance on the simplest of the four
tasks did not significantly decrease, even following twenty-eight hours of sustained wakefulness.
In contrast, performance on this task was significantly impaired after a dose of alcohol that
produced a BAC of 0.10% (or greater). These results are in line with the suggestion that simple
tasks are less sensitive to sleep deprivation (Johnson, 1982). Indeed. we believe it likely that
impairment of performance on this task may have occurred if we had extended the period of
sustained wakefulness. It is interesting to note that several studies (e.g. Dinges er al., 1988) have
reported that tasks similarly lacking in complexity, such as simple reaction time tasks. are affected
early and profoundly by sleep loss. thus strongly suggesting that monotony may increase
sensitivity to sustained wakefulness. Indeed. the fact that this task was not vulnerable to
sustained wakefulness may possibly be explained by the interesting and challenging properties of

the task.

It is also noteworthy that. while we observed a decrease in accuracy on the grammatical
reasoning task. impairment of this performance parameter was not comparable to that produced
by a BAC of 0.10%. While this may at first contradict the suggestion that in this study
vulnerability to sustained wakefulness was. to a large degree, determined by task complexity, it
should be noted that participants were instructed to concentrate on accuracy rather than speed

when completing the grammatical reasoning task. Thus, our particular instructions to
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participants may explain, at least in part, this irregularity. Alternatively, this finding is in line with
the suggestion of a natural ‘speed-accuracy trade-off’. Similar results have been observed in
several studies, which report a decline in speed of performance. but not accuracy, when sleep-
deprived subjects are required to perform a logical-reasoning task (Angus and Heslegrave. 1985;

Webb and Levy, 1982).

Interestingly, this was not the case with the vigilance task. In this instance, despite instruction to
concentrate primarily on accuracy, this component was slightly more vulnerable to sleep
deprivation than was response latency. The absence of a trade-off on this task may be explained
by the different properties of the vigilance and grammatical reasoning tasks. In accordance with
the distinction raised by Broadbent (1953), the latter of these tasks can be defined as an unpaced
task, in which the subject determines the rate of stimuli presentation. In contrast, the vigilance
task can be defined as a paced task, in which stimuli are presented at a speed controlled by the
experimenter. In line with this distinction. our findings are consistent with those of Broadbent
(1953) who observed that while a paced task rapidly deteriorated during the experimental period.

in terms of speed. an unpaced version of the same task did not.

A further explanation for the differences observed between these two tasks, may relate to the
extremely monotonous nature of the vigilance task. Indeed. we believe it likely that subjects
were more motivated to perform well on the grammatical reasoning task, which was generally
considered more interesting and challenging. Hence degree of motivation may explain why
measures of both speed and accuracy decreased on the vigilance task, while on the former task,

accuracy remained relatively stable. This suggestion is in line with previous studies that have
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found that motivation can. to a degree. counteract the effects of sleep loss (Horne and Pettitt,

1985).

Taken together, the results from this study support the suggestion that even moderate levels of
sustained wakefulness produce performance decrements greater than is currently acceptable for
alcohol intoxication. Furthermore, our findings suggest that while sleep deprivation has a
generally detrimental effect on neurobehavioural performance, specific components of

performance differ in their sensitivity to sustained wakefulness.

Since approximately 50 percent of shiftworkers typically spend at least twenty-four hours awake
on the first night shift in a roster (Tepas et al., 1981). these findings have important implications
within the shiftwork industry. Indeed, the results of this study, if generalized to an applied
setting. suggest that on the first night shift. on a number of tasks, a shiftworker would show a
neurobehavioural performance decrement similar to or greater than is acceptable for alcohol

Intoxication.

While the current study supports the idea that sustained wakefulness may carry a risk comparable
with moderate alcohol intoxication. it is difficult to know to what degree these results can be
generalized to “real-life™ settings. Indeed, laboratory measures and environments usually bear
little resemblance to actual tasks and settings. Furthermore, while our study used a battery of
tests to evaluate the effects of sustained wakefulness on performance, their is no guarantee that
all the functions involved in “real-life tasks”, such as driving, were utilized and assessed. An
alternative approach would be to simulate the actual task, as accurately as possible. Given that,

for practical and ethical reasons, it is difficult to experimentally study the relationship between
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sustained wakefulness and actual driving, simulators of varying realism have been used. Thus,
protocols using simulators could be used to model “real-life” settings and establish a more
accurate estimate of the BAC equivalence for the performance decrement associated with sleep

loss and fatigue.
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TABLE 1. Summary of ANOVA results for neurobehavioural performance variables

Placebo Alcohol Intoxication Sustained Wakefulness

Performance Variable Fr .47 P? Fs 105 P? Fiiom p?

GRG Résponse Latency 0.82 NS 4.96 0.0021 13.77 0.0001
GRG Accuracy 0.63 NS 6.88 0.0001 2.20 NS
VIG Response Latency 219 NS 43.09 0.0001 33.74 0.0001
VIG Accuracy 202 NS 799  0.0008 11.04 0.0001
Unpredictable Tracking 2.63° NS 5.32 0.0008 10.09 0.0001
Simple Sensory Comparison 0.78 NS 1.88 NS 1.47 NS

GRG. grammatical reasoning; VIG, vigilance

* corrected by Greenhouse-Geisser epsilon: ® based on data from twenty subjects.
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TABLE 1. Summary of linear regression analysis of neurobehavioural performance variables

Performance Parameter DF F P R2 % Decrease
SW Condition (per hour)
GRG Response Latency 1,4 70.61 0.0011 0.95 2.69

GRG Accuracy 1.4 3.64 NS -- --

VIG Response Latency 1,4 98.54 0.0006 0.96 1.98
VIG Accuracy 1,4 81.79 0.0008 0.95 0.61
Unpredictable Tracking 1.4 70.93 0.011 0.95 3.36
Simple Sensory 1.4 4.71 NS -- -

Alcohol Condition (per0.01% BAC)

GRG Response Latency® 1.2 7430  0.0132 0.97 2.37
GRG Accuracy 1.4 31.07 0.0051 0.89 0.68
VIG Response Latency 1.4 12.65 0.0002 0.98 2.05
VIG Accuracy® 1.3 212.37 0.0007 0.99 0.29
Unpredictable Tracking * 1.3 238.52 0.0006 0.99 2.68
Simple Sensory 1.4 5.37 NS -- -

* Based on data from 0.02%-0.10% BAC: " Based on data from 0.04% -0.10% BAC
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FIG. 1. Mean relative performance levels for the response latency component of the grammatical reasoning

task in the alcohol intoxication (left) and sustained wakefulness condition. The equivalent performance
decrement at a BAC of 0.05% and 0.10% are indicated on the right hand axis. Error bars indicate + one s.e.m.
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FIG. 2. Mean relative performance Jevels for the accuracy component of the grammatical reasoning task in
the alcohol intoxication (left) and sustained wakefulness condition. The equivalent performance decrement
at a BAC of 0.05% and 0.10% are indicated on the right hand axis. Error bars indicate + one s.e.m
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FIG. 3. Mean relative performance levels for the response latency component of the vigilance task in the
alcohol intoxication (ieft) and sustained wakefulness condition. The equivalent performance decrement at
a BAC of 0.05% and 0.10% are indicated on the right hand axis. Error bars indicate+ one s.e.m.
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FIG. 4. Mean relative performance levels for the accuracy component of the vigilance task in the
alcohol intoxication (left) and sustained wakefulness condition. The equivalent performance decrement
ata BAC of 0.05% and 0.10% are indicated on the right hand axis. Error bars indicate + one s.e.m.
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FIG.5. Mean relative performance levels for the unpredictable tracking task in the alcohol
intoxication (left) and sustained wakefulness condition. The equivalent performance decrement at a
BAC of 0.05% and 0.10% are indicated on the right hand. axis. Error bars indicate + one s.e.m.
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FIG. 6. Mean relative performance levels for the simple sensory comparison task in the alcohol
intoxication (left) and sustained wakefulness condition. The equivalent performance decrement at 2
BAC or 0.05% and 0.10% are indicated on the right hand axis. Error bars indicate + one s.e.m.

(24 woryexyzsntor) [oyos1y poerg

29



Q H—TZrroT>



Lorev. Talgue 1dcluls Ui aviauuil aveiuviis

Crew fatigue factors in the Guantanamo Bay aviation accident

Mark R. Rosekind, PhD.
NASA Ames Research Center

Kevin B. Gregory, Donna L. Miller
Sterling Software

Elizabeth L. Co
San Jose State University Foundation

J. Victor Lebacqz, PhD.
NASA Ames Research Center

Malcolm Brenner
National Transportation Safety Board -

On August 18, 1993, at 1656 eastern daylight time, a military contract flight crashed while
attempting to land at the U.S. Naval Air Station, Guantanamo Bay, Cuba. The airplane, a
Douglas DC-8-61 freighter, was destroyed by impact forces and fire. The three flight
crewmembers sustained serious injuries. The National Transportation Safety Board
(NTSB), an independent agency of the United States government, conducted an official
investigation to determine the cause of the accident and to make recommendations to
prevent a recurrence (1). At the request of the NTSB, the NASA Ames Fatigue
Countermeasures Program analyzed the crew fatigue factors to examine their potential
role in the accident. Three principal sources of information were made available from the
\NTSB accident investigation to NASA Ames for analysis: 1) Human Performance
Investigator's Factual Report,

2) Operations Group Chairman's Factual Report, and 3) Flight 808 Crew Statements.

Based on scientific data related to sleep and circadian rhythms, the NASA Ames Fatigue
Countermeasures Program identified three core physiological factors to examine when
investigating the role of fatigue in an incident or accident. These factors have subsequently
been expanded to four, to explicitly include a factor examined but not previously reported.
The four fatigue factors to examine in incident/accident investigations are: 1) acute sleep
loss/cumulative sleep debt, 2) continuous hours of wakefulness, 3) time of day’circadian
effects, and 4) presence of sleep disorder. These factors were examined and the
sleep/wake histories for the flight crew prior to the accident are presented in Figure 1.

http://olias.arc.nasa. gov/publications/rosekind/GB/GB. Abstract.html 12/27/98
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Figure 1. Crew Sleep/Wake Histories

The crew had been off-duty up to 2 days prior to the accident trip and then flown
overnight cargo schedules for the two nights prior to the accident, and had been assigned
the accident trip unexpectedly on the morning of August 18, shortly after being released
from duty. The extra trip involved segments from Atlanta to Norfolk, VA to Guantanamo
Bay back to Atlanta, approximately 12 hrs of flight time in 24 hrs of duty. The figure
provides information on the fatigue factors: 1) the individual crew members had an acute
sleep loss (i.e., 5,6,8 hrs of daytime sleep). 2) were continuously awake 19. 21, and 23.5
hrs prior to the accident, and 3) the accident occurred just prior to 5 pm local time during
the afternoon window of sleepiness (this did not represent a time zone change for this US
East coast crew). Upon inquiry, there were no reported symptoms or signs of a sleep
disorder. Therefore, all three of the initial fatigue factors were operating in this accident.

There were two principal sources of data available on flight crew performance in the
accident: cockpit voice recorder (CVR) and Captain's testimony at the NTSB pubhic
hearing. There were four performance effects related to fatigue that significantly
contributed to the accident: 1) degraded decision-making, 2) visual/cognitive fixation, 3)
poor communication/coordination, and 4) slowed reaction time.

A complete description of flight operations, fatigue factors, performance effects, and
accident investigation findings are available in the full NTSB accident report (1). Based on
the findings, the NTSB determined that the probable cause of this accident included the
impaired judgment, decision-making, and flying abulities of the captain and flightcrew due
to the effects of fatigue. This was the first time in a major U.S. aviation accident that the
NTSB cited fatigue in the probable cause. As a result of this investigation, the NTSB
recommended that the Federal Aviation Administration (FAA) expedite the review and
upgrade of Flight/Duty Time Limitations of the Federal Aviation Regulations to ensure
that they incorporate the results of the latest research on fatigue and sleep issues. The
NTSB reiterated a recommendation to require U.S. air carriers to include, as part of pilot
training, a program to educate pilots about the detrimental effects of fatgue and strategies
http://olias.arc.nasa.gov/publications/rosekind/GB/GB. Abstract.html 12/27/98




Cre - 1atigue 1actors in avialion acciaent Cuse ool -

for avoiding fatigue and countering its effects. This NTSB investigation and the NASA
guidelines to examine fatigue factors, provides a model for investigating and documenting
the role of fatigue in operational incidents and accidents.

(1) National Transportation Safety Board. Aircraft accident report: uncontrolled collision with terrain,
American International Airways Flight 808, Douglas DC-8-61, N814CK, U.S. Naval Air Station,
Guantanamo Bay, Cuba, August 18, 1993. Washington, DC: National Transportation Safety Board,
1994; NTSB/AAR-94/04.

http://olias.arc.nasa.gov/publications/rosekind/GB/GB. Abstract. htmi 12/27/98
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Aviation Medical Advisory Group Northwest Airlines
14707 East 2™ Avenue 901 15™ Street, NW

Suite 200 Suite 310
Aurora, CO 80011 Washington, DC 20005

Gentlemen:

The undersigned (FPA, IACP, IPA, SWAPA, and IBT representing approximately
20,000 crewmembers) concur with the basic document submitted by the entire
labor group concerning the issue of Reserve and Reserve Rest. This submission
is supplementary to that document and it addresses additional methodology
applicable to the Part 135 and non-scheduled carriers (non-scheduled as used
herein applies to carriers currently operating under Part 121, Subpart S
(supplemental rules) excluding such carriers as FEDEX, UPS, etc. that may
operate under supplemental rules, but do so with a known published operating
schedule).

It is-recommended that the basic labor document, addressing a Protected Time
Period (PTP) and Reserve Availability Period (RAP) methodology, apply to all
carriers, i.e., scheduled, non-scheduled (as herein defined), and Part 135.
Additionally, it is recommended that non-scheduled and Part 135 carriers be
provided an alternative method for reserve assignments where it can be
validated that the PTP-RAP methodology cannot be applied. An example
requiring this alternative means wouid be an aircraft with one crew at a station
with a prospective duty to operate the aircraft at an undetermined time.

The underlying rationale of the Flight and Duty Time ARAC working groups over
the past seven years has been to ensure that crews are provided a reasonable
sleep opportunity. The most effective means of rest is to provide a sleep
opportunity at the same time each night. Recognizing that this is not always
possible in the air transport industry, the PTP-RAP methodology and a reduced
duty time, based on predetermined notice periods, represent two means of
satisfying the underlying rationale of ensuring a reasonable sleep opportunity.

This alternative methodology greatly reduces the economic impact of regulatory
reform on the non-scheduled and Part 135 segment of the air transport industry.

LOUISITANA AVENUE NW + WASHINGTON DC 2000 « (202) 22

BROTHERHOOD OF TEAMSTERS
AFL-CIO
RAY W. BENNING, JR., Director . I
Airline Division TEL: (31D 645-9860
* 6242 Westchester Parkway. Suite 250 FAX: (3101 645-9869
Los Angeles, CA 90045

January 6, 1999

Mr. Donald E. Hudson Mr. Clay Foushee



We believe that this submission should be helpful to the FAA in formulating a
new rule that balances safety, economics, and the public interest. We are
pleased that the FAA has addressed this issue and we are supportive of
constructive change arising from the effort put forth by the respective groups and

the Agency.

Dave Wells //s Lauri Esposito //s
FPA, CAPA IPA, CAPA
- [20 7
D.R. Treichier Bob Landa /s
IBT, CAPA SWAPA, CAPA

Don Kingery //s
IACP (non-CAPA)



PROPOSED REGULATORY LANGUAGE

121.xxx Alternative Means of Obtaining Reserve Rest for Non-scheduled
Operators (without a known schedule) and Part 135 Operators (separate
subpart)

(a) Non-scheduled operators and Part 135 operators may schedule a flight
crewmember and that flight crewmember may accept a reserve assignment as

follows:

(1) The operator first must assign a PTP period, discussed elsewhere in this
rule, provided the operator's flight assignments have a known departure time
(schedule), and the operator may then schedule and a crewmember may accept
any assignment provided elsewhere in this rule excluding (2) and (3) below:

(2) If unable to comply with (1) above, and an advance notice before
departure of not less than 14 hours is provided the crewmember, an operator
may schedule and a crewmember may accept any assignment provided
elsewhere in this rule excluding (3) below; or

(3) If unable to comply with (1) and (2) above, an operator may assign and a
crewmember may accept a reduced duty period as set forth below:

(a) With 8 to 13:59 hours advance notice, the scheduled duty period is
limited to 12 hours, but may be extended to 14 hours for operational delays; or

(b) With 6 to 7:59 hours advance notice, the scheduled duty period is
limited to 10 hours, but may be extended to 12 hours for operational delays; or

(c) With 4 to 5:59 hours advance notice, the scheduled duty period is
limited to 8 hours, but may be extended to 10 hours for operational delays; or

(d) With less than 4 hours advance notice, the scheduled duty period is
limited to 7 hours, but may be extended 1 hour for operational delays.

(e) For assignments in paragraph (2) and (3) (a) through (d) above, the
operator must relieve the crewmember from all further responsibilities between
advance notice and report time.

(fy Advance notice, as used in paragraphs (a) through (d) above, means
the time from when a crewmember is alerted for an assignment until
transportation local in nature is available at that hotel to transport that
crewmember to his place of assignment. The duty period thereby commences
with hotel pick up.



Appendix |
Reference Data Furnished by the IBT

1. Normal daily sleep - References vary from 7 hours and 20 minutes to
approximately 8 hours and 10 minutes.

Coren, S., Sleep Thieves, (Toronto: Free Press, 1996) pp. 251-253
(7 to 8 hours and 10 minutes.)

Dinges, D. and R. Broughton, Sleep and alertness: Chronobiological, behavioral
and medical aspects of napping, (New York: Raven Press, 1989)

(Average sleep for N. American and European aduits were around 7 hours and
20 minutes.)

Wojtczak-Jaroszowa, J., Physiological and Psychological Aspects of Night and
Shift Work, USDEW (NIOSH) 1977
(“During normal night sleep, lasting about 7% hours....")

2. Napping —

Op. Cit., Coren, S., pp. 222-223
(Naps before and during a shift have shown “modest success.")

Nicholson, A. and B. Stone, Circadian Rhythms and Disturbed Sleep: Its
Relevance to Transport Operations. IJAS 1/3-D (Unknown publication date in
approximately 1982

("...naps, sleeps of 3-4 hours and very long periods of sleep are all attempts to
adapt to the irregularity of duty hours and time zone changes, and to ensure
adequate rest before the next duty period. It would be reasonable to assume
~ that the natural requirements for sleep are met in this way-even though the timing
and duration of the sleep periods are radically changed.”)

Nicholson, A., Sleep and Wakefulness of the Airline Pilot Stewart Memorial
Lecture presented February 11, 1986 at the Royal Aeronautical Society

("...with a 4 hour period of sleep during the evening, there was a sustained
improvement in performance overnight” ..... "...recent studies show how (naps)
can improve alertness...There was a distinct improvement in their alertness
during the day when a nap of 1 hour was taken in the morning. The effect was
evident in the afternoon, as the nap seemed to encourage the rise in alertness,
which normally occurs during the day. The duration of a nap may be critical if it

is to be beneficial, and its effects may last for several hours.”)
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ARAC Reserve Duty Time

Working Group
Industry/Management Report

Background and Introduction

The assignment of the Aviation Rulemaking Advisory Group (ARAC) Reserve Duty/Rest
Working Group (RDWG) was announced by the Federal Aviation Administration (FAA) in
the Federal Register on July 9, 1998. The task assigned and accepted by the RDWG was
to provide a review and analysis of industry practice with regard to reserve pilot duty
assignments and to provide recommendations to the ARAC and ultimately to the FAA on
revisions to applicable Federal Aviation Regulations (FARs) governing reserve pilot flight
and duty time assignments.

The RDWG was asked to report on six specific tasks and to complete the report by
December 1, 1998. That date was subsequently extended to January 15, 1999.

When FAA issued the latest Notice of Proposed Rulemaking on Flight and Duty Time
(NPRM 95-18), which included proposals for reserve rest rules in December, 1995, a large
volume of comments were provided to the FAA that underscored the difficulty of crafting 4
rule which could reasonably allow for the wide array of differences between various tyess
of operations (e.g. labor contracts, international vs. domestic, scheduled vs. non-
scheduled, FAR Part 121 vs. 135, on-demand, supplemental, etc.). Thus, the task
assignment drafted by the FAA also included a provision for the RDWG to provide
recommendations that accommodated these differences in a reasonable fashion.

The first public meeting was held on August 12-13, 1998, and subsequent public meetings
were held on September 1-2, October 1-2, October 29-30, and December 2-3. Numerov«
additional sub-group meetings were held at various times between the public meetings,
which were all announced in the Federal Register. The RDWG was constituted by the
ARAC with members representing a broad array of constituencies from various industry
and labor groups. In addition, approximately 25-30 other stakeholders, government
representatives, and other interested parties were present at one or more meetings during
the RDWG deliberations.

Many different viewpoints were presented during the course of the RDWG discussions,
and unfortunately, no overall consensus emerged. There were major differences between
final labor and management proposals. In fact, by the end of the October 29-30 meeting,
two distinctly different labor positions had emerged, and it is not clear that these differences
were resolved by the final public meeting.

A single industry/management proposal covering FAR Part 121, scheduled operations was
developed and agreed to by those members. That proposal is included in Attachment 1, a
December 30, 1998 letter from the Air Transport Association (ATA) representative to me as
industry/management co-chairman of the RDWG. Although it is referred to in Attachment
I as the “ATA position,” the proposal therein was developed by the entire RDWG
industry/management group.

In addition, a consensus industry/management proposal was reached for Part 121, non-
scheduled operations, which recognized that certain types of operations could not function
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under the same types of reserve rules appropriate to scheduled operations. At least. several
RDWG labor representatives also agreed to this proposal, despite the lack of an overall
consensus. This proposal is included in Attachment 2.

It was also generally agreed by the industry/management group that the Part 121, scheduled
reserve rest proposal should not apply to Part 135 operations for many of the same

reasons. Two proposals were submitted for Part 135 operations, one by the Helicopter
Association International (Attachment 3) and one for Part 135, non-scheduled operations
by the National Air Tranportation Association and the National Business Aircraft
Association (Attachment 4).

This report is organized below according to the six primary tasks as published in the
Federal Register RDWG assignment. This industry/management report includes a summary
of the views of the Air Transport Association of America, Helicopter Association
International, National Air Carrier Association, National Air Transportation Association,
National Business Aviation Association, and the Regional Airline Association, as well as
the members of these organizations.

Industry/Management Responses to Specific Tasks

Task 1: Review of current scientific data on the effects of fatigue in
reserve duty. Consider conflicting opinions.

The first public meeting included an extensive discussion of the relevant scientific literaiure,
and whether any new data pertaining to this issue had emerged since the issuance of NPRM
95-18. It was generally agreed that there were no significant new scientific studies relevant
to the reserve duty question published since that time.

It was frequently pointed out by the industry/management group that there have been no
known accidents where the probable cause was deemed to be pilot fatigue associated with
reserve duty assignments. In the minds of many RDWG members, this was relevant to the
question of whether changes to the existing rules should be a regulatory priority.

Extensive discussions ensued that illustrated the fact that the scientific literature pertaining
to this issue can be interpreted in a variety of ways. As a result, many different and
sometimes inconsistent conclusions can be drawn, and thus, there are no clear answers
from the body of scientific literature as to appropriate regulatory policy.

The RDWG did agree that there are two very broad scientific principles specifically relevant
to reserve duty. First, it was agreed that humans generally need the opportunity to acquire
approximately 8 hours of sleep per 24 hour period. Second, it was agreed that fatigue is
more probable during the period of time encompassing approximately 0200 to 0600, which
roughly corresponds to the low point in an “average” (across the population) human
circadian cycle.

However, it was also noted that the scientific literature demonstrates that humans, in
general and pilots in particular, are highly variable in their sleep habits, lifestyles, and
circadian cycles. This phenomenon poses significant and difficult complications for FAA
regulatory policy on flight and duty time. An appropriate rest opportunity (no matter how
long) cannot guarantee that a particular reserve pilot will obtain appropriate sleep. In
addition, because of the high degree of vaniability in individual sleep habits and lifestyies, it
is difficult to know the nature and timing of a particular individual's circadian cycle. For
example, since a large percentage of pilots commute across multiple time-zones to both
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reserve and scheduled duty assignments, it is difficult to assess the particular timing of an
individual's circadian cycle vis a vis a particular flight assignment.

Thus, the rationale underlying the industry/management proposal is that, at best, reserve
rest rules can only reasonably provide for an appropriate rest opportunity. They cannot
guarantee that every individual pilot is “appropriately rested” prior to a flight assignment.
It is incumbent upon each individual pilot to accept personal responsibility for obtaining
adequate rest, given reasonable opportunities provided for rest.

The majority of RDWG members agreed that the ideal method for providing this
opportunity is through the provision of a “protected time period” (PTP) of approxi mately 8
hours during which time a reserve would be undisturbed for the purpose of rest. It was
also acknowledged that the PTP should not change more than a few hours from one day to
the next. Consensus was reached that this is the most effective method in “normal,”
scheduled operations. However, because of the need for flexibility to recover from routine
weather-related and other types of frequent disruptions, an alternative, acceptable method is
to provide appropriate advance notification so that an individual has the opportunity to
obtain rest.

In addition, it was recognized by most that a PTP-based reserve rest scheme would be
difficult, if not impossible, to implement by many Part 121, non-scheduled operators
and/or Part 135 operations (scheduled and non-scheduled) because of the small numbers of
crews involved in such operations. Thus, an alternative was deemed to be necessary for
non-scheduled and other Part 135 operations.

At the first public meeting, the RDWG reached a consensus that reserve duty is peither duty
norisitrest Itisalso important to recognize that a reserve duty day is a work day, and
should not be treated as a day off, regardless of whether a reserve pilot is called for a fligh:
assignment. These observations point to the fact that there are often opportunities for rest
during reserve availability periods (RAPs), since reserves are frequently not called for
flight assignments until later in an availability period, due to the nature of network
operations, if at all. Schedule disruptions are more common later in the day due to the
“snowball effect,” as various schedule discrepancies are compounded throughout the
course of a normal operational day. It is incumbent upon those serving in reserve
assignments to utilize all available opportunities for rest.

RDWG discussions of the scientific literature also included research by the National
Aecronautics and Space Administration (NASA) which demonstrated that even brief naps
(approximately 45 minutes) can significantly enhance alertness and serve as an effective
countermeasure to fatigue. This underscores the responsibility reserve pilots have to utilize
all available rest opportunities during RAPs.

Task 2: Analysis of current reserve schemes and operational situations

Extensive discussions of current practices illustrated that there is a wide variety of reserve
schemes currently in place. This is due to the almost infinite differences in types of
operations, negotiated contract-imposed work-rules, equipment types, areas served, etc.
These discussions illustrated the difficulty of developing a single rule that would not
impose a disproportionate impact upon a particular type of operation, and leads to the
conclusion that a single rule would not be in the public interest.

It was further demonstrated by the management g}oup that the majority of major airlines
(affecting the vast majority of U.S. professional pilots) had negotiated work-rules
goveming reserve assignments that had factored in the characteristics of a particular
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organization’s operation. Thus, it was asserted that any rule change must be broad and
flexible enough to take these negotiated work-rules and operational differences into account
without disproportionate impact on a particular carrier.

As a result of these discussions, industry/management members proposed that the best
alternative for reserve flight and duty time rulemaking would be to allow individual
operators to develop detailed, individually-tailored operations specifications governing
reserve duty that would be approved by.each organization’s FAA Certificate Management
Office. This approach is identical to the way FAA currently manages other operations
specifications governing flight operations, training programs, and approved maintenance
programs. It is also similar to FAA's program for approving advanced training programs,
the advanced qualification program (AQP). While many RDWG members, representing all
interests, understood the merits of this approach, consensus could not be reached. All
industry/management representatives preferred this approach.

Task 3: Recommendations on standards and criteria

After several public meetings, two basic schemes were proposed for providing reserve
pilots opportunities for rest or limiting the duty day based upon the amount of advance
notice of a flight assignment. The first scheme involved providing a scheduled PTP for all
reserve pilots, but also allowed the use of advance notification to either cancel a scheduled
PTP or to utilize a reserve on a “sliding scale” where the length of the duty day would be
dependent upon the amount of advance notification. It was generally recognized that these
provisions were necessary to provide for the flexibility needed by operators to recover frem
disruptions to normal operations. It would be fair to say that the full RDWG reached a
consensus on this conceptual approach. The second scheme simply limited the duty day
based upon the amount of advance notification. The latter is very similar to regulations
proposed in NPRM 95-18.

After extensive discussions, the RDWG agreed to attempt to reach a consepsus for Part
121, scheduled operations on the first scheme, where most pilots would receive a PTP,
with an appropriate mechanism for the utilization of advance notification in lieu of PTP<
under circumstances associated with deviations from normal operations. The second
scheme was proposed as an alternative for Part 121, non-scheduled, and Part 135
operations.

The industry/management proposal for Part 121, scheduled operations is presented in
Attachment 1. Attachment 2 contains the Part 121, non-scheduled proposal. As previously
mentioned, it was difficult to ascertain whether there was a single agreed upon labor
proposal by the end of the last public meeting. The basic differences between the final
positions of various labor proposals and the industry/management proposal were associated
with the amount of time devoted to PTPs, length of RAPs, and the amount of advance
notification necessary to cancel PTPs, modify RAPs, as well as how advance notification
shouid affect the amount of allowable duty time.

Industry/management RDWG members firmly maintain that their final proposal for 121,
scheduled operations to provide a minimum 8 hour rest period or 10 hours of advance
notification, under most circumstances, prior to a flight assignment is consistent with the
state of scientific knowledge and provides more than adequate protection for reserve pilots
to complete a flight assignment safely and legally. It is significant that the final RDWG
industry/management proposal is far more restrictive with respect to rules governing
reserve assignments than either those proposed by the FAA in NPRM 95-18 or current
rules, neither of which have provisions for PTPs covering the vast majority of reserve
ptlots in U.S. domestic service.
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The final labor proposal(s) included longer PTPs, longer and more extensive advance
notification requirements, shorter RAPs, and restrictions on allowable duty time based
upon time of day. The industry/management RDWG members maintain that the benefits
which might possibly be derived from the labor proposal(s)’ more restrictive parameters are
suspect, at best, and not supported either by the scientific literature or by the safety record,
in light of the substantial additional burden that would be placed up the industry and the
U.S. air transportation system (see task 5 below).

Task 4: Recommendations on how FAA will measure compliance

With regard to the industry/management proposals, there was no disagreement within the
RDWG that the FAA would be able to measure compliance in the same way it currently
assesses flight and duty time regulatory compliance. It was noted that most automated
record keeping systems could be modified to accommodate the proposed changes within 6
to 12 months from the date of publication, depending upon the complexity of a new rule.

Task 5: Economic Impact

Industry/management representatives compiled the available economic data pertaining to the
costs of the proposal provided in Attachment 1. It was estimated that the cost of that rule
change would be approximately $100 million in incremental costs to the major operators
that provided economic data (primarily ATA member airlines). Most of these costs are
necessitated by the requirement to hire additional reserve pilots and the associated custs of
training both the additional new pilots required and part of the existing pilot population
because of the “upward bumping” phenomenon created by most contract-imposed seniority
systems during periods when new pilots are being hired.

No economic data were provided by smaller Part 121 operators, Part 135 operations, or
other types of operations, but it is probable that the total cost to industry would be
significantly greater than $100 million. In addition, it was maintained that some smaller
unscheduled operators might have to cease operations under some of the labor proposals.
It was also asserted that these proposals would substantially alter the pature of many’
collective bargaining agreements.

The RDWG was unable to perform additional detailed economic analyses companng the
various proposals. This was due to the fact that: 1) these analyses are very complex and
time-consuming, and 2) it was difficult to ascertain how to conduct comparative analyses of
competing labor proposals, because a single labor proposal had not emerged by the
deadline associated with the final public meeting and the task assignment.

However, exploratory analyses did indicate that very small increases in PTPs, advance
notification requirements, and corresponding decreases in RAPs (as outlined in the labor
proposal closest to the industry/management proposal) caused significant increases in the
number of reserves required to cover current operations. As an illustration of why this
dramatic increase occurs, one major air carrier currently staffs about 45 different reserve
positions because it operates many different types of aircraft and has multiple crew bases.
These circumstances are common to most major airlines (e.g. the number of reserve
positions equals the number of crew bases times the number of seat positions in each base--
captain vs. first officer vs. second officer--times the number of aircraft types operating in
each base). In most cases, there are only a handful of reserves in each category (often as
few as 1). One major carrier has estimated that it costs approximately $1 million in salary,
benefits, and training costs (initial and upward bumping) for every 7 pilots it initially hires.
For this carrier, a one or two hour increase in PTP duration and corresponding reductions
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in RAPs from the industry/management proposal would require it to add at least one
reserve to every category. As a result, the minimum incremental cost for this single airline
would be $6-7 million, assuming only one reserve is necessary in each category. These
incremental costs over and above the final industry/management proposal are expected to be
similar for each major airline. Thus, the potential incremental costs of competing labor
proposal(s) could be perhaps double (in the “best” case) or significantly more (in the
“worst” case) than the cost estimates associated with the industry/management proposal.

Alternatively, a carrier could choose not to staff the additional reserves that would be
required to cover contingencies imposed by more stringent reserve rest requirements. Of
course, this would cause significantly more flight cancellations than are common under
current rules and a resulting negative impact on the U.S. air transportation system.

In summary, even small (1 or 2 hr.) increases in advance notification requirements, PTPs,
or corresponding reductions in RAP, or duty day would cause an operator to add additional
reserves in each reserve category to provide at least minimal coverage. The associated
incremental costs would be substantial over and above the final RDWG industry/

management proposal.

Reserve pilots, by definition, are necessary because an operator never knows when or if
they will be required. In normal operations many, if not most, reserve pilots are never
called for an assignment. In short, the economic consequences of the industry/management
proposal are significant, but all competing labor proposals are significantly more costly.
Thus, the arguably questionable benefits of any rule change must be carefully considered in
light of the large additional economic burden imposed upon air transportation providers.

Task 6: Assessment of record-keeping burden

The RDWG was unable to assess the specific additional record-keeping burden since a
consensus was not reached on a proposed rule. However, as previously reported, any rule
change would require each operator to make changes to it’s record-keeping system, which
would result in some incremental cost.

In addition. it is expected that FAA would need to either add additional inspectors to
monitor compliance with more complex rules than those presently in place, or alternatively,
FAA would be required to reduce surveillance in other areas. The RDWG was not in a
position to advise the ARAC or the FAA on this internal policy matter.

Respectfully submitied,

!
]

H. Clayton Foushee
ARAC RDWG Industry/Management Co-Chairman
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Air Transport Association

December 30, 1998

Mr. H. Clayton Foushee

Vice President-Regulatory Affairs
Northwest Airlines

901 15" Street, N.W. Suite 310
Washington, DC 20005

Dear Clay:

As co-chairman of the Aviation Rulemaking Advisory Committee (ARAC)
Working Group on Pilot Reserve Rest, you are aware that the final meeting of that group
was held on December 2, 1998. The working group was originally given a task deadline
of October, but that date was extended until December. Notwithstanding the extension
and despite a good-faith effort from all who participated, a consensus position was not
reached.

The ATA reserve rest proposal, discussed at length during the ARAC Working
Group meetings, effectively addresses the issue of prospective rest for pilots in reserve
status. Attached is the final ATA proposal. which represents the collective position of our
member airlines.. Our proposal calls for a Protected Time Period (PTP) for each reserve
pilot of a minimum of eight consecutive hours. This period of pre-scheduled rest is time
when a pilot is free from all duty and has no present responsibility for work. ATA
operators anticipate that the majority of reserve pilots will fall into this category.

By definition, reserve pilots are needed to protect schedule integrity when
unpredictable events occur. To account for these irregularities, ATA operators require
greater flexibility than is afforded by simply scheduling reserve pilots with protected rest
periods. Therefore, a system is needed that provides both the flexibility necessary to
maintain a reliable operation that meets consumer needs, and that also provides reserve
pilots an opportunity for rest.

FAA interpretations have consistently stated that if the time between notification
for a flight assignment and reporting for duty were of sufficient length to meet existing
rest requirements, then that period would qualify as an opportunity for rest. The ATA

Air Transport Association of America
13071 Pennsyivania Ave.. NW - Suite 1100 Washington, DC 20004-1707
(2C2 626-4000



proposal includes a provision that provides the pilot with a minimum ten-hour advance
notification. Once notified, the pilot would be free from reserve status and all
responsibility for work. Notification under the advance notice concept would permit the
pilot to be utilized for any legal flight assignment because the pilot has an opportunity for
full rest prior to reporting for the assignment.

It is worth noting that the advance notice proposal is not without additional
complexity or cost. As stated earlier, our members have indicated that that most reserve
pilots will be provided with pre-scheduled or protected rest periods (PTP). A review of
historical reserve utilization appears to support this hypothesis.

In order to provide a limit to the time, in which a pilot may be utilized in a
specific reserve or duty assignment, a concept called Reserve Availability Period (RAP)
is included in the ATA proposal. This limits the pilot’s assignment to nineteen hours
from the end of the previous protected rest period.

Note: The 19 hour proposed maximum Reserve Availability Period (RAP) is
consistent with the 16 hour period between consecutive Protected Time Periods
(PTP) plus the ability to reschedule the subsequent PTP by 3 hours. Any
maximum PAP of less than 19 hours cannot be justified and will have
considerable economic impact on operators.

In summary, the ATA Reserve Rest proposal satisfies the ARAC task assignment
as it appeared in the July 9, Federal Register. Reserve pilots are provided with an
opportunity for prospective rest that is not available to them under the current rule. This
proposal also provides a solution to reserve rest that is consistent with a long list of FAA
interpretations. In developing this proposal. ATA member airlines considered many
factors including safety, effectiveness, flexibility, cost, administration, compliance and
FAA enforcement.

Sincerely,

%’r Captain Paul Railsback

Chairman, ATA Reserve Rest
Task Force

Encl.
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DEFINITIONS

The following definitions for rest and duty apply to Subparts Q, R, and S and are identical to existing
definitions in Subpart P.

Duty Period - The period of elapsed time between reporting for an assignment involving
flight time and release from that assignment by the certificate holder conducting
domestic, flag or supplemental operations. The time is calculated using either
Coordinated Universal Time or local time to reflect the total elapsed time.

Protected Time Period (PTP) - A period of time during a reserve assignment that
provides a flight crewmember with an opportunity to rest. A certificate holder may not
contact a flight crewmember during his or her PTP, and a crewmember may not have
responsibility for work during his/her PTP.

Reserve Availability Period (RAP) - The period of time from the end of one protected
time period to the time that the reserve flight crewmember must complete reserve or
flight duty and start his/her next PTP.

Reserve Flight Crewmember - A flight crewmember that does not have a flight duty
assignment and has a present responsibility for flight duty if c:ii=d, but who is rot on
standby duty

Rest Period - The period free of all restraint or duty for a certificate holder conducting
domestic, flag or supplemental operations and free of all respcmsibility for work or duty
should the occasion arise.

Standby Duty — A period of time when a flight crewmember is required to report for a
flight assignment in less than 1 hour from the time of notification. It also includes time
when a flight crewmember is required to report to and remain at a specific facility (e.g.
airport, crew lounge) designated by the certificate holder. Standby duty is considered
part of a duty period. Standby duty ends when the flight crewmember is relieved from
duty associated with an actual flight, or is otherwise relieved from duty.
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RESERVE REST PROPOSAL

PART 121, SCHEDULED
Rest Period:

Each flight crewmember assigned to reserve duty will be provided with a scheduled rest
period of at least eight consecutive hours during each reserve day, free of all duty with the
carrier, so that the flight crewmember will have an opportunity to rest.

e The carrier may reschedule the rest period by as much as three hours earlier or later
than the beginning time of the preceding rest period provided that notice is given
prior to commencement of the next scheduled rest period.

* The carrier may reschedule the rest period with at least ten hours advance notice prior
to the commencement of the next scheduled rest period.

Advance Notice:

Advance notice to a reserve flight crewmember of a flight assignment by the air carrier
provides the flight crewmember an opportunity for rest.

 If the rescrve flight crewmember is provided with 10 or more hours advance notice,
that flight crewmember may be assigned any legal flight assignment.

e Contact may not be made with the reserve flight crewmember during a scheduled rest
period for the purpose of providing advance notice.

Reserve Availability Period:

The Reserve Availability Period is the period of time from the end of the rest period to
the time that the reserve flight crewmember must complete reserve or flight duty.

The reserve flight crewmember's reserve availability period may not exceed 19 hours
except as permitted below. Actual flight duty time may be extended an additional two
hours for reasons beyond the control of the air carrier such as weather, ATC, or
mechanical delays. With advance notice of less than ten hours. the reserve availability
period may be adjusted as tollows, allowing for an opportunity for rest in preparation for
the assignment:

e If at least 8 hours notice is given, the scheduled reserve availability period may not
exceed 24 hours, except that the actual reserve availability period may be extended an
additional 2 hours due to operational circumstances beyond the control of the
operator.



e If at least 6 hours notice is given, the scheduled reserve availability period may not
exceed 22 hours, except that the actual reserve availability period may be extended an
additional 2 hours due to operational circumstances beyond the control of the
operator.

o If at least 4 hours notice is given, the scheduled reserve availability period may not
exceed 20 hours, except that the actual reserve availability period may be extended an
additional 2 hours due to operational circumstances beyond the control of the
operator.

The above reserve Availability Rules apply to international flights except where the
reserve flight crewmember is assigned to an augmented crew, in which case, the flight
and duty time rules of §121.483 and §121.485 apply for the entire flight duty assignment.

* ¥ %



Attachment 2
Alternative Reserve Duty and Rest Proposal
for Non-Scheduled Operations

(a) A certificate holder may apply the following reserve scheme for non-
scheduled operations in lieu of the protected time reserve scheduling
requirements for domestic or flag operations. .

(b) Each flight crewmember must be given a 10-hour rest period before any
reserve time assignment.

(c) If the reserve flight crewmember is provided with 10 or more hours
advance notice, that flight crewmember may be assigned any legal flight
assignment.

(d) The certificate holder may provide advance notice of an assignment to
duty involving flight and provide an additional time of not less than one hour
to report with the following limitations.

(1) If at least 8 hours advance notice is given, the scheduled duty
period is limited to 12 hours, but may be extended to 14 hours for
operational delays.

(2) If at least 6 hours notice is given, the scheduled duty period is
limited to 10 hours, but may be extended to 12 for operational delays.

(3) If at least 4 hours notice is given, the scheduled duty period is
limited to 8 hours, but may be extended to 10 for operational delays.

(4) If less than 4 hours notice is given, the scheduled duty period is
limited to 7 hours, but may be extended to 8 for operational deiays.

(e) The certificate holder must relieve the crewmember from all further
responsibilities between advance notice and report time. [End]



Attachment 3

" Helicopter

Association

“ International

1635 Prince Stree!. Alexandria, Virginia 22314-2818 Telephone: (7031 683-4646 Fax (703)683-4745

January 14, 1999

Dr. H. Clayton Foushee

Vice President-Regulatory Affairs
Northwest Airlines

901 15" Street. NW. Suite 310
Washington. DC 20005

Re: ARAC Flight Crew Reserve Time Working Group:
HAI Proposal for a Rule Applicable to Part 135 On-Demand Air Charter

Dear Clay:

On August 5. 1998. FAA invited Helicopter Association International (HAI) to serve on a working group of the
Aviation Rulemaking Advisory Committee (ARAC) to consider flight crew reserve time requirements. HAI
herewith tenders its proposal for the structure and content of a Flight Crew Reserve Time regulation applicable
to on-demand air charter operations conducted under 14 CFR Part 135.

HAI's proposal reflects many hours of thought. discussion and negotiation focused on optimizing flight safety.
flight crew lifestyle concerns and operational flexibility in the context of the unique demands of Part 135 air
charter operations. As you know. HAI fully supports the proposal for scheduled domestic operations conducted
under 14 CFR Part 121 described elsewhere in your report. HAI believes that proposal is an appropriate
balancing of concems in Part 121 domestic scheduled air carrier operations. However. HAI also believes that
the proposed Part 121 solution will not work in the Part 135 context, in particular because the advance notice
provisions of the Part 121 proposal are inconsistent with the on-demand nature of part 1335 air charter
operations.

HALI also supports the substance of the “'Special Provisions for Air Ambulance Operations™ proposed by the
National Air Transportation Association (NATA) and National Business Aviation Association (NBAA).
However. we believe that the approach outlined there is appropriate for all part 135 on-demand air charter
operations.

Finally. HAI thanks you and Dr. Don Hudson for your very capable, even-handed. and very patient leadership
of the Working Group. Your efforts as co-chairs have been greatly appreciated.

Sincerely,~]

Roy R;\Zage
President

Dedicated to the advancement of the civil heliccoter ingdustry



ARAC Flight Crew Reserve Time Working Group
HAI Proposal for a Rule Applicable to Part 135 On-Demand Air Charter

HAI proposes a rule on Part 135 Flight Crew Reserve Time structured in three parts:
L. Scheduled Reserve

Under 14 CFR part 135, an on-demand air charter operator may assign a pilot to
“scheduled reserve.”

* No period of scheduled reserve may exceed 14 hours in any 24 hour period.

* Each period of scheduled reserve must be preceded by a *“protected time
period” of at least 10 consecutive hours in length.

e No combination of “scheduled reserve” and assigned duty may exceed 20
consecutive hours.

* Under “scheduled reserve,” the pilot’s duty period begins when the pilot
receives a call from the operator to report for work.

2. Extended Reserve

An operator may assign a qualifying pilot to a period of “extended reserve.”
Under extended reserve. a pilot may be assigned to hold herself:

e Able to be contacted by the operator;
¢ Remain fit to fly (to the extent that this is within the control of the pilot); and
e Remain within a reasonable response time of the aircraft,

all without triggering the start of any period of “duty” under the Part 135 flight
crew duty time regulations.

a. Duty under Extended Reserve

e Under “extended reserve,” the pilot’s duty period begins when the pilot
receives a call from the operator to report for work.

e When a pilot completes a period of duty under extended reserve, that pilot
shall enter a protected time period of at least 10 consecutive hours before next
being available for contact by the operator.
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b. Limitation on Extended Reserve

e Assignment to extended reserve may not exceed 15 consecutive days.

» If assignment to extended reserve is for a period of not more than six
consecutive days, the flight crew member shall enter a protected time period
of at least 24 consecutive hours before next being available for contact by the
operator. '

o If assignment to extended reserve is for a period of more than six consecutive
days, one additional period of 24 consecutive hours shall be added to the
protected time period for each 3 days, or any portion of three days, of
extended reserve assignment over six days.

3. Operational Delay

e The limitations stated in paragraphs | and 2 above may be extended by a
maximum of 2 hours to meet operational delays.

¢ The limitations stated in paragraphs 1 and 2 above may be extended by air
medical service operators as reasonable and necessary to complete a medical
transport operation.



Attachment =

4226 Kk =3 Stree”
Alexandriq, Virgimia 22302
(703) 845-9000 FAX (703) 845-8176

NATIONAL AIR
TRANSPORTATION
ASSOCIATION

January 15, 1999

Mr. H. Clayton Foushee

Vice President, Regulatory Affairs
Northwest Airlines

901 15" Street, NW

Suite 310

Washington, DC 20005

Dear Clay,

Enclosed, you will find the National Air Transportation Association (NATA)
and Nauonal Business Aviation Association (NBAA) proposal for the Aviation
Rulemaking Advisory Committee Reserve Duty/Rest Working Group.

This concept paper reflects the issues unique to the on-demand air charter
industry and explains the operator and pilot relationship where reserve concepts are
concernad. While the proposal articulates the manner in which both NATA and
NBAA believe reserve-related issues for Part 135 unscheduled operators should be
handled. this proposal should not be viewed as suggested regulatory language. Please
forward this proposal to the ARAC Executive Committee for submission to the
Federal Aviation Administration.

Thank you for all your hard work as we addressed this complex issue.

Sincerely,

Andr:&. Cebula

Vice President

Enclosure
cc: Phil Harter, The Mediation Consortium

SERVING AVIATIC*y SERVICE COMPANIES
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NATIONAL ATIR TRANSPORTATION ASSOCIATION
&
NATIONAL BUSINESS AVIATION ASSOCIATION
PROPOSAL FOR RESERVE-RELATED ISSUES IN FAR PART 135
UNSCHEDULED OPERATORS

THE CONCEPT:
Under FAR Part 135, a flight crewmember’s reserve issues consist of:
1. Rest
e required rest (per current regulations)
2. Opportunity Time
e can be contacted for a possible duty assignment

3. Duty

o flying time

e time required to prepare/conclude a flight
4. Standby

e time required to wait for duty assignments

The purpose of this proposal is to define the elements of ‘Standby’ and ‘Opportunity
Time.” This clarification will provide the Part 135 certificate holder with the versatility
to comply with the on-demand nature of unscheduled FAR Part 135 operations by having
a pool of crewmembers who are on their own time, and free of all present duties of a
certificate holder, unless the crewmember 1s contacted and the crewmember accepts a
dutv assignment. At the same time, this clarifies the crewmember’s responsibilities to the
Part 135 certificate holder and ensures adequate rest and fitness for duty assignments.

OPPORTUNITY STANDBY DUTY
TIME

What was the

Previous Rest? 10 consecutive hours 10 consecutive hours 10 consecutive hours
after a duty assignment  after a duty assignment  after a duty assignment

Is this Rest? no no no
Is this Duty? no yes yes
Can the Certificate

Holder Contact yes yes n/a
Crewmember?

Is This Part of 14HR no yes yes
Duty Period?*

*SpECIAL PROVISIONS APPLY FOR AIR AMBULANCE FLIGHT OPERATIONS,
SEE PAGE 3
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PREVIOUS REST

Following a duty assignment, the crewmember must have received at least 10
consecutive hours of Rest before assignment to ‘Opportunity,” ‘Standby,’ or ‘Duty’ can
occur.

REST OR DUTY?

Opportunity Time: Opportunity time is not to be considered a duty assignment and
does not fall under the duty time limitations. However, Opportunity Time is not Rest as
defined by the regulations. It is an assignment unique to Part 135 unscheduled operators.
When in Opportunity Time, the crewmember has no specific duties to the certificate
holder until a duty assignment is accepted. Example of Opportunity Time: The
certificate holder has no current duty or Standby assignment for the crewmember;
however, should one arise, the certificate holder can contact the crewmember to
determine if the crewmember can report for that duty.

Standby: Standby is considered a duty assignment. Upon being assigned to Standby,
the 14-hour duty clock begins. This duty period ends when the crewmember is released
by the certificate holder or the 14-hour duty period expires, whichever occurs first.
Example of a Standby assignment: Crewmember is directed to wait at the airport for
contact for a duty assignment and must report to that assignment within a reasonable time
period.

Duty: Duty is the time a certificate holder has assigned a crewmember to specific duties
and responsibilities. Duty time begins when a crewmember reports and ends when
released or the duty penod expires. Examples of duty are: flying, pre-flight and post-
flight activities, training for the certificate holder.

OBLIGATION TO REPORT

Opportunity Time: During Opportunity Time, the flight crewmember has no specific

duties to the certificate holder; however, the certificate holder can contact the flight

crewmember for a duty assignment should one arise. There is a responsibility on the

crewmember to be fit for a duty assignment unless the flight crewmember is not capable

of accepting a duty assignment based on an inability to meet the following, for example:

e Adequately rested for the planned duty assignment,

e No immediate physical impediments that would affect ability to perform the duty
assignment, i.e., sprained ankle or broken arm, etc.,

e Not being detrimentally affected by a major life stress, i.e. death in the family, or
divorce, etc., that would affect ability to perform the duty assignment, and

e Ability to report for duty within a reasonable amount of time as defined by the
certificate holder.

Standby: The duty period begins when Standby is assigned. A crewmember in Standby
must be able to complete any duty assignment within the original duty period.

Duty: Reporting is not applicable as the crewmember is presently on duty.
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PART OF DUTY PERIOD?
Opportunity Time: Opportunity Time is not considered part of the duty period and,
therefore, does not count against the 14-hour duty clock.

Standby: This assignment is part of duty and can only continue for the duration of the
normal duty period.

" SPECIAL PROVISIONS FOR AIR AMBULANCE OPERATIONS

To accommodate the unique and critical flight operations conducted by Air Ambulance
operators, these Part 135 on-demand air charter operators could operate under the
following standby provisions without triggering duty time:

an operator may contact the pilot for a duty assignment

the pilot may be expected to remain fit for flight (to the extent that this is «
within the control of the pilot)

the pilot may be expected to remain within a reasonable response time to the
aircraft

when operating under these provisions a duty period begins when the pilot 1s
contacted and accepts an assignment

Such operations would be subject to the following constraints:

following completion of a duty assigned during a period of extended reserve,

the pilot will be provided at least 10 consecutive hours of rest before next

being available for contact by the operator

assignment to extended standby can consist of up to six consecutive days

which shall be followed by a period of at least 24 hours of consecutive rest

before next being available for contact by the operator

Extension Provisions:

The six-day period may be extended by the operator under the following

conditions:

1. Three additional days of extended standby may be assigned-with the
addition of another 24-hour period of rest.

2. The maximum amount of extended standby will be 15 days followed by a
mandatory 4 days of consecutive rest during which the operator may not
contact the pilot.

The duty period may be extended by Air Ambulance operators as reasonable

and necessary to complete a medical transport operation.
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DEPARTMENT OF TRANSPORTATION

Federal Aviation Administration

Flight Crewmember Flight Time Limitations and Rest
Requirements

AGENCY: Federal Aviation Administration, DOT.

ACTION: Notice.

SUMMARY: This notice announces to the public the Federal
Aviation Administration’s intent to rigorously enforce the
regulations concerning flight time limitations and rest
requirements. These regulations have been under review for
some time, and the FAA has stated with respect to reserve
time assignments that if new rules were not adopted, the FAA
intended to ensure that the current rules, as interpreted,
are being correctly implemented. No new rules with regard
to reserve time have been adopted. Therefore, the FAA is
reiterating its longstanding interpretation of its
regulations on this issue and is giving affected certificate
holders and flight crewmembers notice of its intent to
enforce its rules in accordance with this interpretation.
This notice is being given so that those affected Will have
an opportunity to review their practices and, 1if necessary,

come into full regulatory compliance.

DATES: This notice is effective on June 15, 1999.



FOR FURTHER INFORMATION CONTACT:
Alberta Brown, Air Transportation Division, AFS-200,
800 Independence Avenue, SW., Washington, DC 20591,

Telephone (202) 267-8321.

SUPPLEMENTARY INFORMATION:
The Regulation

The Civil Aeronautics Act of 1938 (52 Stat. 1007; as
amended by 62 Stat. 1216, 49 U.S.C. 551) and subsequently,
the Federal Aviation Act of 1958 (now codified at 49 U.S.C.
§ 40101 et seqg.) addressed the issue of regulating flight
crewmember hours of service. The Federal Aviation Act, as
amended, empowers and directs the Secretary of
Transportation to establish “regulations in the interest of
safety for the maximum hours or period of service of airmen
and other employees of air carriers.” 49 U.S.C.
§ 44701 (a) (4). Moreover, the Act also provides the FAA with
the authority to prescribe “regulations and minimum

standards for other practices, methods, and procedures the



Administrator finds necessary for safety in air commerce and
national security.” 49 U.S.C. § 44701(a)(5).

The current rules specify flight time limitations and
rest requirements for air carriers certificated to operate
under part 121 (domestic: subpart Q; flag: subpart R; and
supplemental: subpart S) and part 135 (subpart F). The FAA
has consistently interpreted the term rest to mean that a
flight crewmember is free from actual work for the air
carrier or from the present responsibility for work should
the occasion arise. Thus, the FAA previously has determined
that a flight crewmember on reserve was not at rest if the
flight crewmember had a present responsibility for work in
that the flight crewmember had to be available for the
carrier to notify of a flight assignment.

The FAA’s current rules at 14 CFR § 121.471 set forth
flight time limitations and rest requirements for domestic
operations. Subsections (b) and (c) of this section have
generated numerous interpretation requests from industry.

These sections provide that:

Section 121.471 Flight time limitations and rest requirements:
All flight crewmembers.,
(b) Except as provided in paragraph (c) of this section, no

certificate holder conducting domestic operations may schedule a

flight crewmember and no flight crewmember may accept an

assignment for flight time during the 24 consecutive hours

3



preceding the scheduled completion of any flight segment without a
scheduled rest period during that 24 hours of at least the

following:

(1) 9 consecutive hours of rest for less than 8 hours of

scheduled flight time.

(2) 10 consecutive hours of rest for 8 or more but less than 9

hours of scheduled flight time.

(3) 11 consecutive hours of rest for 9 or more hours of

scheduled flight time.

(c) A certificate holder may schedule a flight crewmember for

less than the rest required in paragraph (b) of this section or

may reduce a scheduled rest under the following conditions:

(1) A rest required under paragraph (b) (1) of this section may be
scheduled for or reduced to a minimum of 8 hours if the flight
crewmember is given a rest period of at least 10 hours that
must begin no later than 24 hours after the commencement of
the reduced rest period.

(2) A rest required under paragraph (b)(2) of this section may be
scheduled for or reduced to a minimum of 8 hours if the flight
crewmember is given a rest period of at least 11 hours that
must begin no later than 24 hours after the commencement of
the reduced rest period.

(3) A rest required under paragraph (b)(3) of this section may be
scheduled for or reduced to a minimum of 9 hours iIf the flight
crewmember is given a rest period of at least 12 hours that
must begin no later than 24 hours after the commencement of

the reduced rest period.



Similar language is contained in Sections 135.265(b) and
(c). Also note the “look back” requirement in Section
135.267 (d) .

The FAA has consistently interpreted Section 121.471(b)
and the corresponding Section 135.265(b) to mean that the
certificate holder and the flight crewmember must be able to
look back over the 24 consecutive hours preceding the
scheduled completion of the flight segment and find the
required scheduled rest period. This interpretation of rest
also has been applied to pilots on “reserve time.” Reserve
time while not defined in 14 CFR is generally understood to
be a period of time when a flight crewmember is not on duty
but must be available to report upon notice for a duty
period. Thus, a flight crewmember on reserve could not take
a flight assignment, and the certificate holder could not
schedule that crewmember for a flight assignment, unless the
flight crewmember had a scheduled rest period such that at
the end of the flight segment one could look back 24 hours

and find the required amount of rest.

Compliance and Enforcement Plan

Flight crewmembers and their unions have raised
concerns that scheduling processes used by some certificate
holders may not ensure compliance with flight time

restrictions and rest requirements when a flight crewmember



is on reserve duty. Any noncompliance should be corrected
without delay.

The FAA recognizes, however, that current processes for
scheduling flight crewmembers have been in place for some
time and that full compliance might not be able to be
achieved immediately. The FAA therefore intends to take
into consideration this fact and the certificate holder’s
good faith efforts to come into compliance in determining
what, if any, enforcement action is appropriate if
noncompliance is discovered. With regard to violations by
individual flight crewmembers, the FAA will consider the
circumstances of each case, including such factors as the
employing certificate holder’s efforts to come into
compliance and the culpability of the individual.

If any certificate holder needs to make changes to its
scheduling system, the FAA believes that full compliance can
be achieved by all certificate holders within 180 calendar
days. Until that time the FAA does not intend to target its
inspection resources on this compliance issue. However, on
December 12, 1999, the FAA intends to begin a comprehensive

review of certificate holders’ flight scheduling practices



and expects to deal stringently with any violations

discovered.

Issued in Washington, DC on June 10, 1999
/s/
L. Nicholas Lacey

Director, Flight Standards Service



ATA Proposed Reserve Rest Regulation Zl\\cl

Rest Period:

Each flight crewmember a35|gned to reserve duty will be provided with a
scheduled rest period of at least(e ’gtconsecutlve hours during each reserve day,
free of all duty with the carrier so that the the flight crewmember will have an
opportunity to rest.

» The carrier may reschedule the rest period by as much as three hours earlier
or later than the begmnlng time of the preceding rest period provided that
‘notice is given prior to commencement of the next scheduled rest period.
/The carrier may reschedule the rest period with at least ten hours advance
“ notice prior to the commencement of the next scheduled rest period.

Advance Notice:
Advance notice to a reserve flight crewmember of a flight duty assignment by the
air carrier provides the flight crewmember an opportunlty for rest.

o [fthe reserve flight crewmember is provided Wlt? 10 0|> more hours of advance
notice, that flight crewmember may be assigne y legal flight assignment.

e Contact may not be made with the reserve flight crewmember during a
scheduled rest period for the purpose of providing advance notice.

Reserve Availability Period:
The Reserve Availability Period is the period of time from the end of the rest
period to the time that the reserve flight crewmember must complete reserve or

flight duty.

The reserve flight crewmember's reserve availability period may not excee 19
hours except as permitted below. Actual flight duty time may be extended an=—
additional two hours for reasons beyond the control of the air carrier such as
weather, ATC, or mechanical delays. With advance notice of less than ten hours,
the reserve availability period may be extended as follows:

Advance Notice Reserve Availability Period
4 - 5:59 hours 20 hours scheduled + 2 in actual operation
6 - 7.59 hours 22 hours scheduled + 2 in actual operation
8 -9:59 hours 24 hours scheduled + 2 in actual operation

+ﬁe RAP applies to the first duty period of a flight assignment. Subsequent duty
periods of the flight assignment are subject to FAR 121 Subpart Q, R or S, flight
duty time rules, as applicable.

International Flight Crews:

The above RAP rules apply to international flights except where the reserve flight
crewmember is assigned to an augmented crew under Subpart R or S in which
case the flight and duty time rules of those Subparts apply for the entire flight duty
assignment.

12/02/98

Q/U \



NATIONAL AIR CARRIER ASSOCIATION
RESERVE DUTY AND REST POSITION

Reserve Duty and Rest Working Group Meeting
September 2, 1998

The following is proposed as an amendment to FAR Part 121 to establish a formal
reserve duty and rest regime for domestic, flag and supplemental operations.

121.xxx. Reserve Duty and Rest. Certificate holders may schedule flight
crewmembers for reserve assignments using one of the following methods after
providing the crewmember with a 12-hour notice of the particular reserve option that
is being applied. Reserve options may not be changed without an intervening 12 hour
rest.

(@) The certificate holder shall provide the flight crewmember with a scheduled
rest period of not less than 8 hours within each 24 hour period of reserve; or

(b) The certificate holder may provide advance notice of an assignment to duty
involving flight and provide an additional time of not less than one hour to report with
the following limitations. The certificate holder must relieve the crewmember from all
further responsibilities between advance notification and report time.

(1) If the flight crewmember receives at least 8 hours advance notice, the
flight and duty limitations set forth in this Subpart apply.

(3) Less than 8 hours but more than 6 hours advance notice, the
scheduled duty period is limited to 12 hours, but may be extended to 14 hours for
operational delays.

(4) Less than 6 hours but more than 4 hours notice, the scheduled duty
period is limited to 10 hours, but may be extended to 12 hours for operational delays.

f 57 Less than 4 hours, the scheduled duty period is limited to 8 hours, but
may be extended to 10 hours for operational delays; or

(c ) Where the operator is unable to provide a flight crewmember with one of the
rest or notification periods described in (a) or (b) above, the crewmember is limited to
no more than 72 hours in reserve status without a planned rest period of at least 24
consecutive hours. If the crewmember is assigned duty involving flight, the subsequent
minimum rest period of this Subpart shall be increased by at least one-half the length
of the preceding flight duty period.




January 6, 1999

Mr. Donald E. Hudson Mr. Clay Fourshee
Aviation_Medical Advisory Group Northwest Airlines
14707 East 2nd Avenue 801 15th Street, NW
Suite 200 Suite 310

Aurora, CO 80011 Washington, DC
20005

Gentlemen:

The undersigned (FPA, IACP, IPA, SWAPA, and IBT representing approximately 20,000
crewmembers) concur with the basic document submitted by the entire labor group concerning
the issue of Reserve and Reserve Rest. This submission is supplementary to that document
and it addresses additional methodology applicable to the Part 135 and non-scheduled
carriers (non-scheduled as used herein applies to carriers currently operating under Part 121,
Subpart S (supplemental rules) excluding such carriers as FEDEX, UPS, etc. that may operate
under supplemental rules, but do so with a known published operating schedule).

It is recommended that the basic labor document, addressing a Protected Time Period (PTP)

and Reserve Availability Period (RAP) methodology, apply to all carriers, i.e., scheduled,

non-scheduled (as herein defined), and Part 135. Additionally, it is recommended that

non-scheduled and Part 135 carriers be provided an alternative method for reserve

assignments where it can be validated that the PTP-RAP methodology cannot be applied. An

example requiring this alternative means would be an aircraft with one crew at a station with a
.- prospective duty to operate the aircraft at an undetermined time. :

The underlying rationale of the Flight and Duty Time ARAC working groups over the past
seven years has been to ensure that crews are provided a reasonable sleep opportunity. The
most effective means of rest is to provide a sleep opportunity at the same time each night.
Recognizing that this is not always possible in the air transport industry, the PTP-RAP
methodology and a reduced duty time, based on predetermined notice periods, represent two

means of satisfying the underlying rationale of ensuring a reasonable sleep opportunity.

This alternative methodology greatly reduces the economic impact of regulatory reform on the
| non-scheduled industry. We believe that this submission should be helpful to the FAA in

% formulating a new rule that balances safety, economics, and the public interest. We are
pleased that the FAA has addressed this issue and we are supportive of constructive change
arising from the effort put forth by the respective groups and the Agency.

Lauri Esposito //s

Dave Wells //s IPA, CAPA
FPA, CAPA
Bob Landa //s
D.R. Treichler SWAPA, CAPA
IBT, CAP.

Don Kingery //s
IACP (non-CAPA)



PROPOSED REGULATORY LANGUAGE

121.xxxAlternative Means of Obtaining Reserve Rest for Non-scheduled Operators (without a
known schedule) and Part 135 Operators (separate subpart)

@) -Non-scheduled operators and Part 135 operators may schedule a flight crewmember
and that flight crewmember may accept a reserve assignment as follows:

“ (1) The operator first must assign a PTP period, discussed elsewhere in this rule,
provided the flight assignment has a known departure time (schedule), and the operator may
then schedule and a crewmember may accept any assignment provided elsewhere in this rule

excluding (2) and (3) below;
(2) If unable to comply with (1) above, and an advance notice before departure of

not less than 14 hours is provided the crewmember, an operator may schedule and a
crewmember may accept any assignment provided elsewhere in this rule excluding (3) below;

or
(3) If unable to comply with (1) and (2) above, an operator may assign and a

crewmember may accept a reduced duty period as set forth below:

(a) With 8 to 13:59 hours advance notice, the scheduled duty period is

limited to 12 hours, but may be extended to 14 hours for operational delays; or
(b) With 6 to 7:59 hours advance notice, the scheduled duty period is

limited to 10 hours, but may be extended to 12 hours for operational delays; or
(c) With 4 to 5:59 hours advance notice, the scheduled duty period is

limited to 8 hours, but may be extended to 10 hours for operational delays; or

(d) With less than 4 hours advance notice, the scheduled duty perlod is

limited to 7 hours, but may be extended 1 hour for operational delays.
(e) For assignments in paragraph (2) and (3) (a) through (d) above, the
operator'must relieve the crewmember from all further responsibilities between advance notice

and report time.
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ALPA Declares Preliminary Victory in Flight-Time/Duty-Time
Battle

FAA Agrees to Enforce 1985 Rule on Pilot Rest

ALPA recently declared victory in its almost 15-year battle to compel FAA to "rigorously"
enforce existing regulations on pilot flight-time/duty-time requirements. Improving pilot rest
rules is one of ALPA's top safety priorities.

FAA Administrator Jane Garvey told ALPA President Duane Woerth in a June 3 letter that her
agency will finally begin to enforce 1985 rules requiring pilots to receive a prescheduled and
protected rest period during the 24 hours before a flight. "The FAA has said on more than one
occasion that, all else failing, we woulid rigorously enforce the current (pilot rest) rule," Garvey
said in her letter. "To emphasize our commitment, I plan to publish our intent to enforce the
current rules in the Federal Register."

"ALPA has led the fight to correct inadequate duty and
rest rules for years and we are elated that
Administrator Garvey is committed to moving forward
finally on this critical aviation safety issue."”

Duane E. Woerth, ALPA President

Garvey also said FAA will issue a Supplemental Notice of Rulemaking altering its December
1995 proposal regarding regulations governing the amount of time pilots can fly and remain on
duty without a mandated rest period.

The current regulations require that a reserve pilot be given at least nine hours of rest for
every 24-hour work period. During this time, the pilot must be free of all official duties and
cannot accept any assignments. The designated rest period can be reduced to eight hours if
compensatory rest is provided the following day.

FAA has set a 180-day deadline, giving all U.S. carriers until Dec. 12, 1999 to comply with the
rules. At that time the agency will " ... begin a comprehensive review of certificate holders'
flight scheduling practices and expects to deal stringently with any violations discovered."

The FAA administrator's correspondence was in direct response to a May 13 letter from Capt.
Woerth, asking Garvey to fulfill earlier promises to enforce the existing rules for pilot rest
requirements. Woerth also urged FAA to forge ahead with other needed revisions that have
hung in bureaucratic limbo for the past four years.

In addition, Woerth advocated that FAA perform a comparative risk assessment of pilot fatigue

— —
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issues instead of a typical cost/benefit analysis. Such an assessment would be the first step in
the development of any new and improved federal pilot fatigue rules.

The National Transportation Safety Board concurs with ALPA's position on flight and rest rules.

On June 1, its chairman, Jim Hall, urged FAA to take immediate action on pilot fatigue
regulations.

Back to ALPA Home Page




Letter: FAA Interpretation of FAR 121.471 - 4 Jun 1999

Page 1 of 4

|I ) ~ Reserve Pilots Rest Press Kit

U.S. Department 800 Independence Ave., S.W.
of Transportation Washington, D.C. 20591
Federal Aviation
Administration JUN -4 1999

Captain Rich Rubin

7700 N.E. 8th Court
Boca Raton, Florida 33487

Dear Captain Rubin:

This responds to your request for an interpretation of the Federal Aviation

All ﬂ'ight crewmembers. Section 121.471(b) states as follows:

Except as provided in paragraph (c) of this section, no certificate holder
conducting domestic operations may schedule a flight crewmember and no
flight crewmember may accept an assignment for flight time during the 24
consecutive hours preceding the scheduled completion of any flight segment
without a scheduled rest period during that 24 hours of at least the following:

(1) 9 consecutive hours of rest for less than 8 hours of scheduled
flight time;

(2) 10 consecutive hours of rest for 8 or more but less than 9 hours
of scheduled flight time;

(3) 11 consecutive hours of rest for 9 or more hours of scheduled
flight time.

You present the following hypothetical:

You begin reserve duty after completing a scheduled 48 hour 2 day
off period. You are then assigned a block of five days reserve duty
commencing at 0001 on day one until 2359 on day 5. You do not
receive any notice of a prospective rest period by the air carrier for
any of the five served duty days. You are not called for flight duty
during day one of your reserve duty. On day two, you are called at
1900 for a flight duty period that will commence on day two at 2300
and will end at 0745 on day three.

Please note that you request an interpretation under 14 C.F.R. § 121.471(b), but
state that you are an international captain for an air carrier. Section 121.471(b)
only applies to domestic operations. Flight time limitations for flag
(international) carriers are specified in Subpart R Part 121 of the Federal
Aviation Regulations. Since you have specifically asked about the interpretation

— a
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of § 121.471(b) in questions 1 -5, this interpretation is restricted to that section
and the rest requirements for domestic operations. Additionally you use the term
"flight duty" in your above hypothetical. The FAA uses the terms "flight time"
and "rest" in § 121.471(b). For purposes of this interpretation, we have assumed
your use of the term "flight duty" to be synonymous with the term "flight time."
Finally, you have not specified what you mean when you use the term "reserve
duty." Therefore, for purposes of this interpretation, we assume that this means
you have a present responsibility for work should the occasion arise.

Question 1: Using the above example, would an air carrier be in compliance
with the requirements of FAR 121.471(b)? Please explain.

No. We have consistently stated that reserve duty is not rest when the reserve
flight crewmember must maintain accessibility (via telephone or pager/beeper)
to the employer and there is a present responsibility to work. Therefore, the
certificated carrier must provide an opportunity for the flight crewmember to
obtain appropriate rest when scheduling the flight crewmember for flight time.
In this instance, when you are called at 1900 for flight duty you receive 4 hours
notice that you will be required to report for flight duty at 2300. Your flight duty
will end at 0745 on day three; thus it will be 8 hours and 45 minutes long. In
order to be in compliance with Section 121.471(b), the air carrier conducting
domestic operations and the pilot must be able to look back over the 24
consecutive hours preceding the scheduled completion of the flight segment and
find the required scheduled rest period. In this instance, looking back 24 hours
from the end of the pilot's scheduled flight time (0745 on day three), the pilot

only had 4 hours of rest - the time period between 1900- 23001, The regulations
(§ 121.471(b)(2)), however, require a pilot scheduled for more than 8 hours but
less than 9 hours of flight time to have 10 consecutive hours of rest. Since you
received only 4 hours of rest in the 24-hour period, the flight schedule would be
in violation of Section 121.471(b)(2). Furthermore, the reduced rest provisions
of Section 121.471(c)(2) would not be met with only 4 hours of rest.

' We assume that once you are notified at 1900 to report for a flight at 2300 that you no longer
have a present responsibility for work between 1900 and 2300.

Question 2: Using the above example, would I [the pilot] be in violation of
FAR 121.471(b) if I accepted the flight duty assignment that begins at 2300
on day two.

Section 121.471(b) applies to pilots and other flight crewmembers as well as the
air carrier. Consequently, you would be in violation of this section if you
accepted the flight assignment prior to completing the required rest period.

Question 3: Does the FAA expect an air carrier to schedule pilots in
compliance with FAR 121.471(b)? If so, how is operator compliance
measured and enforced?

The law requires an air carrier to schedule its pilots in compliance with the
regulations - in this instance § 121.471. Section 121.471(b) applies to the air
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carrier. Thus, the air carrier is expected to schedule pilots in compliance with §
121.471(b) as well as all other pertinent Federal Aviation Regulations.
Compliance is measured by analyzing the facts and the applicable safety
regulations published in the Code of Federal Regulations. The Flight Standards
Service is responsible for investigating alleged violations of § 121.471 and for
initiating enforcement actions.

Question 4: Does the F AA expect crewmembers to comply with the
requirements of FAR 121.471(b)? If so, how is crewmember compliance
measured and enforced?

See the answer to Question No. 3.

Question 5: What does the FAA advise a reserve crewmember to do if
he/she is scheduled for flight duty and he/she has not received an
appropriate prospective rest period as required by FAR 121.471(b)?

You seek advice as to what a reserve crewmember should do if the rest specified
in § 121.471 has not been provided. First, the reserve crewmember must
determine whether all of the elements of § 121.471, including the reduced rest
provisions in § 121.471(c), have been met. Second, if § 121.471(c) cannot be
used, you are hereby advised that § 121.471(b) specifically prohibits a flight
crewmember from accepting an assignment that violates this provision. In the
event any flight crewmember finds himself/herself scheduled in violation of §
121.471, he/she should, at a minimum, advise the appropriate person at the air
carrier. Depending on the air carrier's protocol, this may be the Chief Pilot, the
Director of Operations or the Director of Safety. Additionally, a pilot always has
a duty under § 91.13(a) to notify the certificate holder when he/she is too
fatigued to fly.

Question 6: Can off duty time incurred during layovers fulfill the 24 hours
off in 7-day rest requirement?

Yes. We assume that "off duty time" my that the pilot does not have a present
responsibility for work should the occasion arise.

Question 7. If the answer to the above question is yes, what are the
requirements for this rest period? Can pilots be reassigned during this
period? Is it protected from interruption or contact?

The FAA has consistently interpreted "rest” to mean a continuous period of time
during which the flight crewmember is free from all restraint by a certificate
holder. This includes freedom from work and freedom from responsibility for
work should the occasion arise. See Letter of Interpretation to James Baxter,
March 25, 1997 (copy enclosed). Thus, a crewmember who was required to be
near a phone, carry a beeper, or maintain contact by computer so that he would
be available should the carrier need to notify him/her of a reassignment would
not be on rest. However, there would be no rest violation where an air carrier
does not impose any requirements on the crewmember during the rest period,
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Subj:  Horizon compliance

Date: 2/19/99 1:10:58 PM Eastem Standard Time

From: 74103.343@compuserve.com (Don Treichler)

Sender: 74103.343@compuserve.com (Don Treichler)

To: DJSTACEY@aol.com (INTERNET:DJSTACEY @aol.com)

CC: DIWMSW@aol.com (Dave Wells), 76364.2764@compuserne.com (Don Kingery), LLE516@aol.com (Lauri Esposito),
SmcPhail@compuserve.com (Steve McPhail - SWPA), GSmith2617@aol.com (INTERNET:GSmith2617 @aol.com)

Dear Doug:

On 2-18-99, | discussed Horizon Air compliance with the Calhoun letter of
interpretation with Greg Simes, Horizon FAA POL. He stated that Horizon
had not been required to comply with that letter except for the portion
addressing pilots not receiving 24 consecutive hours off in seven

consecutive days during the crossover from one month to the next.
Apparently Horizon initially indicated that they would comply with that
portion and then decided not to do so. Greg is proceeding with enforcement
action on the latest submission violating that area. As for the portion of

the enforcement letter, which states that in domestic operations you must
be able to look at the previous 24 hour period and find a minimum of 8

hours of rest or you must terminate your flight, the Horizon POI stated

that he has received no guidance from the FAA at the national level as to
whether enforcement action is desirable or permissable. Bottomline appears
to be that the FAA national intends to IGNORE the existing regulation as
well as their consistent interpretations of it over the past 8 years and

wait for rulemaking to resolve the issue. The FAA is likely to outsource

an economic study of the resenve issue that will take until late 1999.
Following that, the FAA likely will write a Supplementary Notice of

Proposed Rulemaking (SNPRM) and provide 90 days for comment (and possibly
another 90 days if someone so requests). All of this has occurred because
the management side of the FAA rulemaking process has stated that
enforcement would cost the airlines $100,000,000. This statement was made
during ARAC meetings. | requested documentation of these figures and
management agreed to supply the numbers. Later, in front of the FAA and
labor, management refused to do so. Management refuses to do so to this
very day. The reason they refuse is (a) the figure is totally inaccurate

and (b) they wish to wait until the comment period for the SNPRM and use
the figure again when there is no opportunity to challenge it. As a

result, misinformation is allowed to stand unchallenged. Regretably, such
action compromises safety.

Best regards,

Donald R. Treichler
Intemational Representative
Teamsters Airline Division
7306 School House Lane
Roseville, CA 95747

Tel. 916-791-6747

Fax 2757

Previously, the Northwest Region Administrator advised members of congress
that Horizon Air had agreed to comply with the letter of interpretation.

This is not the case. You may use this e-mail as an attachment to any
comespondence you may have with congressional members to ensure that they
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F — _ “[.{_g{:-'c_l_w_c_l’ilms_lic_ﬂ I’r_c_ss. iEil - - ll
U.S. Department 800 Independence Ave., SW.
of Transportation Washington, D.C. 20591

Federal Amation
Administration

?

March 25, 1997

Mr. James Baxter
P. 0. Box 250578
San Francisco, CA 94125

Dear Mr. Baxter:

Thank you for your inquiry requesting an interpretation of rest and duty
regulations in conjunction with non-flight assignments by the air carrier. Due to
the loss of personnel over the past year and the urgency of other regulatory
matters, we have been delayed in answering your inquiry. We thank you for your
patience.

Your inquiry revolves around the definitions of "rest' and "duty” and the
relationship between ground assignments and flight time duty. Interpretations of
what constitutes "rest" or "duty" are the same under Part 121 or 135. The FAA
has consistently interpreted "rest’ as a continuous period of time during which
the crewmember is free from all restraint by the certificate holder. This includes
freedom from work and freedom from responsibility for work should the
occasion arise. The FAA has also consistently interpreted "duty” to mean actua
work for an air carrier or the present responsibility for work should the occasion
arise. (Letter from Donald P. Byrne, Assistant Chief Counsel, Regulations and
Enforcement Division, to Assistant Chief Counsel. AGL-7, dated July 5, 1991,
letter from Donald P. Byrne to R.C. McConnick, dated June 25, 1996.)

You prayjded three situations in which you questioned whether the
crewmember's assignment constituted "duty time." I will respond to your
question regarding a reserve pilot's status first, as the rules here are plain. You
inquired whether a crewmember who had flown for 3 days in a row, was on
reserve a fourth day but did'not fly, and then was scheduled to fly another four
days, is legal. Under the definitions stated above, this pilot would be in violation
of Seetion 135.265(d). Reserve duty is not rest, as the type of reserve duty you
described requires that the crewmember be available to fly, should the
opportunity arise. In this specific scenario, the crewmember would have been
without rest for 8 days. While the crewmember could have flown for two days
after the reserve day, on the 7th day the crewmember must be given the required
rest before another flying assignment. Section 135.265(d) states that a
crewmember must be relieved "from all further duty for a least 24 consecutive
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hours during any 7 consecutive days." It is possible for a crewmember to be
scheduled on reserve for 7 days and not be in violation of the regulation as long
as the crewmember does not fly (Letter from Donald P. Byrne, Assistant Chief
Counsel, Regulations and Enforcement Division, to B. Stephen Fortenberry,
dated June 24, 1991.) However, once the crewmember takes a flight in Part 135
operations, the rest requirements activate in order to ensure that the
crewmember has had sufficient rest prior to the flight. Thus, if the crewmember
has not had a scheduled rest period during the previous 7 days, the air carrier
and crewmember could be held in violation of Part 135 265(d)

In your second and third situation you inquire whether ground school or a Crew
Resource Management course would be considered duty. Again, duty must be
thought of in relation to required rest. The FAA would not hold an air carrier or
a crewmember in violation of Section 135265(d) if a crewmember was
scheduled for 7 days or a month of ground school, CRM training or any other
kind of ground assignment. As long as crewmembers are on the ground, they are
not in violation of a rest and duty regulation. However, once again, once that
crewmember takes a flight, rest regulations activate. At that time, if the
crewmember had been in ground school for the previous 7 days, that
crewmember would be in violation of Section 135.265(d) as he had not received
the required 24 hours of rest in a consecutive 7-day period. An air carrier can
schedule a crewmember to any kind of duty it desires for 6 consecutive days, but
on the 7th day rest regulations will affect any flying assignment.

Since "rest” requires that a crewmember be free from all work obligations,
ground school or CRM training would not qualify as “rest" once a crewmember
initiates a flight. While it is not "duty,” in the sense of flight duty, it is also not
"rest.”

Additionally, if a crewmember operates an aircraft with insufficient rest, a
certificate holder or crewmember could be charged with a careless or reckless
violation under Section 91.13. In a prior interpretation the FAA has stated that
the "lack of rest of the pilot is certainly a circumstance which could endanger
others, and it is not necessary that the situation devolve into actual
endangerment for there to be a violation of FAR 91.13." (Letter from Donald P.
Byrne, Assistant Chief Counsel, Regulations and Enforcement Division, to
David Bodlak, dated October 28, 1991.)

This interpretation was prepared by Terry Turner, reviewed by Joseph Conte,
Manager of the Operations Law Branch and concurred with by the Air
Transportation Division of Flight Standards Service. We hope this interpretation
will be of assistance to you.

Sincerely,

Donald P. Byrne
Assistant Chief Counsel

—



	reserve rest arac submission to the FAA-1.pdf
	reserve rest arac submission to the FAA-2
	reserve rest arac submission to the FAA-3
	reserve rest arac submission to the FAA-4
	reserve rest arac submission to the FAA-5
	reserve rest arac submission to the FAA-6
	reserve rest arac submission to the FAA-7
	reserve rest arac submission to the FAA-8

