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Appendix C shows the non-normalized Multitasking results. Therc -
variability with respect to the multitasking scores. Generally, it can be
pilots were able to achieve a raw score of 1000 or more (the hatched line” -
If 1000 is taken as the level that should be achieved it can be seen that some -
do not reach this often criterion. This is probably due to the limited experience.
have had with the multitasking. However, generally the times shown as problem.. <
Appendix A, when multitasking is low and effort is high correspond to the times whs*
the pilots are scoring low on the MT with respect to the criterion MT score.

DISCUSSION AND CONCLUSIONS

Generally the data suggest that there are periods of concern for each of the pilots that are
related to the problematic circadian periods relative to Vancouver time when there has - [ 3k
been insufficient time for adjustment after jet lag. This is not surprising since circadian
adjustment usually takes 3 or more days for jet lag exceeding 8 hours

Rose, et al (1999) suggests that long distance flights with rapid time zone shifts of more
than 3 hours lead to a dissociation of the inner circadian clock to the outer pacer. Since

the inner
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day length. Rapid time zone shifts with more than 8 hours to the east lead to individual
different ways of resynchronization. Subjects try to either adapt to the new time zone by
shortening the day (backward adaptation) or they resynchronize forward with a longer
duration of adaptation time. Older Pilots who may have diminished circadian hormonal
rhythm may have more problems in adaptation to shifts in circadian periods. Rose, et al
(1999) suggests that after flights to the west within 3 to 7 days most of circadian rhythms
will be re-synchronized. After flights to the east, resynchronization may take 5 to 14
days. ;

The Civil Aviation Authority in UK policy defines acclimatization (hiving adjusted to a
shift in circadian periods) as occurring when a crew member has spent 3 consecutive
local nights on the ground within a time zone which is 2 hours wide, and is able to take
uninterrupted nights sleep. The Crew member is assumed to remain acclimatized
thereafter until a duty period finishes at a place where local time differs by more than 2
hours from that at the point of departure (Avoidance of Fatigue in Aircrews, 1990) .

In this study we examined the take-off times and landing times relative to the local light
day cycle. For example, in the Pairing shown in Fig. ___ the pilot leaves at
approximately 12:00 in a daylight and at a time period that is not optimal with respect to
performance but is in the daylight. The pilot reaches the destination20:00 during the
night according to the
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the light day cycle of LGW. Landing and take-off in completion of the pairing then
occurs at night, relative to the new circadian period in what would be very difficult
periods that would be expected to be accompanied by fatigue.

Another example of a very difficult pairing is shown in Fig 8. In this paring there has
been an adjustment of the circadian period as the result of a layover in AKL and landing
and departure for all times, relative to the circadian adjustment are in very problematic
periods. Final destination upon return in YYZ after a layover in YVR which is not
sufficient to reset the circadian clock.
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An example of a paring which is less problematic is in Fig. 9. In this pairing there has
been an adjustment as the
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of subjective fatigue and came

to the conclusion that night

flying is associated with significant sleep deficits and that during layover sleep loss could
not be completely compensated for the following sleep period that actually took place
during the daytime following arrival. His conclusion was that, after returning to home
base, after night flights that included circadian shifts, required at least 48 hours of rest, "if
not more to be on the safe side" are required for recovery. These results suggest that a
minimum of 72 hours should be considered for readjustment to a circadian shift resulting
from jet lag of 8 hours or more. This is particularly important because in the first 24
hours of recovery after the shift it is usually difficult to sleep during the daylight hours of
the 24 hours of recovery. These observations are consistent with those discussed by
Samel and Wegmann (1989). A theoretical relationship between the number of recovery
days necessary for accommodation to jet lag is shown in Fig. 10. Age is a factor and as
individual's get older an increasing time is required for adjustment to jet lag however
there are considerable individual differences in this respect.

If one assumes that there have been no circadian adjustment for those layovers that are
less than three days then, as Appendix B suggests, there are many departure and arrivals

executed in the early morning or evening when the effects of fatigue would be expected
to be high.

Theoretical Recovery Days relative to Time Zone Necessary for Optimal Performance

In Appendix E an attempt in Local Time As A Function Of Age
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an index by combining the %00
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first two observations of the first pairing for each pilot. When observing the non-
normalized index and the raw data makes it clear that the baseline data, collected in the
homes of each pilot during rest, is not the best indicator of MT and 40Hz that would be
expected to occur during flight. The MT and 40Hz in the home environment did not
include the requirements of actually performing the tasks in the very different
environment of the flight deck. For that reason the normalization was made relative to
the first two observations in the air. The normalized index depends to some extent on the
factor used to scale the MT score. In development of the index the MT score was divided
by 1000 in order to bring it into the scale of the 40Hz, and the index was the value
resulting from the subtraction of the 40Hz from the scaled MT so that negative values
indicated a greater score of the 40Hz relative to the MT. This was done to index when
there was increasing effort (a greater 40Hz value) when the MT score was declining - an
indication of fatigue. The normalized index simply used the index for the first two
indexes, from the first two data collections in the air, as the baseline. This approach is
shown in Appendix E. Generally, the index shows negative values in the same time
periods that are interpreted as problematic in Appendix A (the raw data).

The data also suggest that there are important individual differences in the effect of jet
lag on pilots*The use of EEG in the flight deck is difficult for pilots and their level of
cooperation in this study was remarkable given the circumstances. Additional work
needs to be done in the design of multitasking that can be easily used on the flight deck
and which can be used to give pilots on-line feedback about their state of preparedness to
process complex information. I pilots do discover, in the course of flying, that they are
making significantly lower scores countermeasures to fatigue should be implemented.
Naps may be problematic because of the inertia effect after sudden arousal in the context

of an emergency. However, there are methods for modifying multitasking programs that
will not only assess levels of arousal but may be used to maintain it or elevate it.

Multitasking modules should be built into the instrument panel to allow for simple an'd
easy access to the procedure. K

RECOMMENDATIONS

1 That crew duty schedules take into account the effects of circadian adjustments, which
are expected to occur as the result of parings that cross time zones

2 For pairings that cross 8 or more time zones the recommendation is that layovers
include at least 3 days.

3 The design of departure and arrival times, for all pairings should be take into account
whether there has been an adjustment to circadian shifts. ‘

4 An individual Multitasking index for each pilots be developed through systematic
collection of data during all flights, and that periodic feedback of their performance

relative to that index be used by pilots to make an objective assessment of their fatigue
during selected periods related to circadian periods.
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