

















temperature, is lowest at this time and ‘people are then most prone to error
and accidents. It has been shown, for example, that single vehicle truck
accidents most commonly occur in t.e early morning hours. The body
temperature high point occurs aboir- 12 hours later, in the afternoon, and
alertness is greatest at that time This circadian swing in body temperature
amounts to 1 to 2 degrees Fahrenhe 't.

When one changes from day to night work, about a week is required for the
biological clocks to become readjusted to the new schedule, depending on how
many hours are involved in the change. The clock controlling the wake/sleep
cycle is located-in the deep part of the brain called the hypothalamus. The
brain cells controlling the temperature cycle have not yet been located but
are known to exist and comprise a “eparate oscillator (clock).

Shift Work Rotation.

The observation that the intrji sic cycles are longer than the solar day
has led to the recommendation that shifts should rotate in the same direction
as the biological day; that is, workers should progress to later instead of
earlier shifts. Rotations to later shifts are phase delayed and those that
progress to earlier shifts are phase advanced. While the advantages/
disadvantages of such rotation patterns are fairly subtle and may perhaps be
overridden by environmental factors, it is claimed that adaptation to phase
delayed schedules is easier than v th phase advanced schedules just as
east-to-west flight across several time zones produces fewer jet lag symptoms
than does west-to-east flight. It nas been estimated that a person can
readily adapt to a span of about > hours of displacement without experiencing
desynchronosis. However, it is claimed that such acceptance occurs for only
about 30 minutes of displacement for advanced schedules or eastward flight and
2.5 hours for delayed schedules o:r westward flight. There is not a great deal
of data comparing delayed and adve.ced shift work schedules, but such
experiments as have been done indicate, for whatever reasons, that
phase-delayed rotations were characterized by increased productivity, improved
worker health, and job satisfaction.

FAA SHIFT WORK SCHEDULE DESIGNS/PRACTICES

A variety of shift work plans in effect at ATC facilities range from
straight shifts, that allow employ 2s to work the same hours, sometimes of
their choice; to rotation patterns_ that may change rapidly (compressed) or
slowly (expanded), and may be either phase delayed or advanced. On paper, one
could design a number of shift rotation patterns, but not all of them would be
practical or usable in the ATC setting.
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The familiar 2-2-1 rotation preferred by many controllers, especially the
younger ones, is an example of a phase advanced, compressed schedule. The
long interval between work weeks (about 80 hours, or 48 percent of the 7-day
week) is realized by compressing 40 hours of work into an 88-hour period.
Obviously, such compression takes place at the expense of shortened intervals
between work sessions (quick turna >unds).
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TABLE 1

Compressed 2-2-1 and Expanded 1-2-2 Schedules

(Phase Advanced) (Phase Delayed)
Day Work Off Total Work Off Total
Hours Hours Week Hours Hours Week
(24 ~h~-~ clock) (24~hour clock)
1 1600 - 2400 0000 - 0800
14 22
2 1400 - 2200 0600 - 1400
10 18
3 0800 - 1600 0800 - 1600
14 22
4. 0600 - 1400 1400 - 2200
10 18
5. 0000 - 0800 1600 - 2400
40 48 = 88 40 80 = 120
Off Duty = 80 Off Duty = 48
168 168

If the 2-2-1 is reversed, it becomes a 1-2-2 expanded, phase-delayed
schedule. Thus, the work week starts with a midshift, progresses through two
day shifts and two evening shifts, ending at midnight on the fifth day. The
result is an expanded work week with 40 hours of work spread over 120 hours.
The off duty period between work weeks would be 48 hours and intervals between
8-hour work periods would range from 18 to 22 hours (slow turnarounds). As
mentioned above, it is possible to devise compressed, phase-delayed schedules
as well as expanded, phase-advanced schedules. However, all schedules call
for 40 hours of work in five 8-hour days; the difference between them is in
the distribution of time off. The importance of long weekends to workers
everywhere is emphasized by the fact that the expanded 1-2-2 is not known to
be in use in any industrial setting. Workers will accept almost any work
schedule that will provide preferred time off. In the nuclear power industry,
some plants operate on 12- and 16-hour shifts. Some law enforcement officers
work 12-hour shifts for 4 days, then have 4 days off. One of the perquisites,
"perks,'" of seniority or rank is the choice of work schedules, thus of time
off. More and more often workers are bargaining for time off instead of
monetary compensation. Swedish industrial workers now put in an average of
28.8 hours per week, the least in the industrial world; they would rather have
leisure time than cash because of the high tax rate - "The more we make, the
more they take'. West German metal workers struck in 1984 for a 35-hour week;
they won a 38.5-hour week, thus breaking the 40-hour barrier. Apparently,
once cash compensation is adequate, it is not as powerful an issue as is time
off for life énrichment activities that can be indulged with the cash.

Table 1 compares the compressed, phase advanced 2-2-1 schedule with the
expanded, phase delayed 1-2-2 schedule.






(4) Problems as crew briefings are given during the daytime.
(5) Loss of training experience, both giving and receiving.
(6) Reduced social contacts at work as well as away from work.
(7) Disruption of normal family life,

Another variant is the work pattern used at the Miami International Flight
Service Station (MIA IFSS). Day, evening, and midshifts are covered by people
who work those periods without rotation. This pattern of work is popular at
that facility because it affords regular, and sometimes preferred time off.
This regular time off is of great importance to people who use it for farming,
business, recreation, or whatever their lifestyle calls for. Measurements
made at the MIA IFSS during a recent FAA study showed that there was
significantly less subjective fatigue on the steady shift compared to the
2-2-1 rotation also worked at that facility. The amount of sleep obtained in
connection with the two work patterns was not significantly different; the
difference in subjective fatigue was probably related to better quality sleep
associated with the steady shift than the 2-2-1. It must be remembered that
the work distribution patterns at the MIA IFSS were customized to be
consistent with operational needs at that facility. This same model might not
work as well at a terminal or center facility.

The Miami study focused our thinking on some important aspects of shift
work. While the importance of circadian effects is not disputed and we must
always be mindful of them, we have come to realize that they are not
all-important; that is, social, economic, industrial and environmental factors
as well as personal preference are also important and can override circadian
effects. Of these factors, personal preference or freedom of choice is of
great importance because it means that a worker has more control over his/her
life than might otherwise be the case. For this reason the FAA has
established the practice of local option with input from controllers regarding
shift work.

Performance Impairment, Health, Fatigue, and Shift Work

Many studies point to performance impairment associated with
desynchronosis. As mentioned previously, when body temperature is lowest,
error proneness is greatest. This would then translate to the midshift period
between 3:00 a.m. and 7:00 a.m. as being a critical period. However, in
actual practice, controllers errors do not occur in any greater number here.
This can probably in part be explained by low traffic during midshifts, Short
term memory is one function known to be adversely affected at the time of
circadian low temperature, which can lead to human error. In some
professions, such as air traffic control and medicine, however, error-free
performance is the expected norm. There is evidence that such error-free
performance, when attained by greater than ordinary effort, occurs at a
commensurately greater physiological and psychological cost, sometimes called
stress.






upon arrival at the destination. It is further recommended that travelers eat
high protein breakfasts and high carbohydrate, low protein dinners to hasten
entrainment to advancing schedules (eastward flight). Caffeine is a so-called
chronobiotic substance; when used according to common sense can aid
wakefulness, it can also speed the entrainment process. If these principles
apply to air traffic controllers working a series of midshifts, and we are not
saying this is the case, one would expect that (1) high protein meals before
going to work; (2) high carbohydrate, low protein meals upon leaving work; and
(3) together with caffeine in coffee or tea during the first half of the shift
and abstinence the last half, would aid the entrainment process. For
controllers working only one midshift, however, it is doubtful that dietary
adjustments would accomplish very much.

In no case should stimulant drugs, such as amphetamines, be used on duty
to enhance wakefulness, nor should sedatives be used for sleep induction.
Dependancy or addiction can develop, of course, but one should also be aware
that drug effects can wear off at inappropriate times and leave one worse off
than might be the case had drugs not been used. Further, proponents of
dietary manipulation as a way of dealing with desynchronosis, advise strict
abstinence from alcohol during the entrainment process.

CONCLUS IONS

Circadian rhythm displacements as a consequence of air traffic control
work are recognized and accepted by controllers as part of the job and are
usually dealt with effectively on an individual basis,

The FAA's policies regarding shift work are fair, mature, flexible, and
democratic. Controllers are well compensated for their work and are aware of
the necessity for working unusual hours. Night work is distributed fairly by
rotation practices. Workers have considerable input into present shift work
practices, allowing maximum flexibility in conduct of their lives. No safety
problems in ATC are known to be related exclusively to circadian effects; no
medical problems are known to result from rotating shift work.

Though the negative aspects of shift work are usually emphasized, there
are also positive features, such as premium night differential pay and daytime
hours for other pursuits.
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