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SHIFT WORK, AGE, AND PERFORMANCE:
INVESTIGATION OF THE 2-2-7 SH'ET SCHEDLLE USED
N AIR TRAFFIC CONTROL FACILITIES
I THE SLEEP/WAKE CYCLE
TRCDUCTION

Because Air Traffic Control (ATC) operations re-
quire 24-hour per day staffing, Air Traffic Control
Specialisis (ATCS), in many cases, are faced with shift
work throughout their carcers. ATCSs in the United
States work a relatively unique rapidly rotating shifr
schedule, the “2-2-17 {Price & Holley, 1990}, as well
as a variery of schedule modifications based upon a
backward or counterclockwise rotation of shifts. Prob-
iems associared with shift work in ocher populations
could be expected to be found in the ATCS popula-
tion. These inclide issues related to healch, family,
life styles, sleep partetns, performance on the night
shift, and stress {Moore-Ede, Czeisler, & Richardson,
1983; U.S. Congress, Office of Technology Assess-
ment [OTAL 1991). The sources of siress include
sleep deprivation, circadian rhythm disruption, and
disruption of social interactions {Scort & LaDou,
1990). Each of these factors has implicatinns for job
performance. Because of the safety-related nature of
the ATCS's job, assessing and understanding the
facrors that poientally affect job performance, and
the manner in which they interact and change with
age, is critical,

The 2-2-1 schedule was the focus of this research.
The 2-2-1 requires ATCSs to work two afternoen
shifts, {ollowed by two morming stifts, and finally a
night shift, within a five-day period. The rapid, coun-
cerclockwise rotations require thar emploveesarrive at
work progressively earlier throughout the schedule,
thereby compressing the work week. in this schedule,
2 40-hour work week is completed within 88 hours, as
opposed 1o the 112 hours required on a straight-day
schedule, and it results in 80 hours off between work
weeks, compared 1o 62 hours on straight days. The

transitions from the afterncons to mornings and from
the mornings to the night shift involve "gquick-turn-
arounds,” with as few as eight hours off berween shifts,

The 2-2-1

issues about shift design, and arguments can be devel-

schedule raises 2 number of gpecific
oped both in support of and against the schedule, in
the context of chronobiolagical principles. Certain
researchers in shift work design would not recom-
mend the counterclockwise rotation becaase of the
potential for sleep loss, circadian rhythm disruption.
and possible resultant feslings of fatigue or perfor-
mance decremensts. On the other hand, the schedule
minimizes employee exposure o the nighe shifr. and
has been used successfully in ATC facilities for several
decades. There is little evidence, however, 1o supporr
cither positien (Turek, 1986).

This laboratory-based study was designed 1o inves-
tigate empirically the extent to which the 2-2-1 <ched-
ule resulted, or failed to resulr, in sleep and circadian
thythm disruption. performance decrements, and
changes in subjecrive measures of sleepiness and niood.
Because age has frequently been found 1o relare to
performance in ATC (Collins, Boaone, & VanDeventer.
1981) and o be a factor in the amount of sleep
obrained by night shift workers (Tepas. Duchon, &
Gersten, 1993}, dhe study included 2ge as a factor in
the investigation.

The results of the study will be presented in a series
of reports covering the following areas: the sleepiwake
cycle, performance, physiological measures, and sub-
jective measures. This technical repors, being the first
of che series will present: 1) an overview of the issues
associated with shift work with parricular focus on the
slecpfwake cycle, 2) the study methodology, and 3}
the findings related to the sicep/wake cycle.
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ATCSs are responsibie for ensuring the separation
of zizciaft and expediting the flow of zir traffic through
the Narionzl Alrspace System (Federal Aviation Ad-

minstration (FAA] Order 7116953, The ATCS's
gcb. carticularly in the wiminal and en roure carcer
options. requires complex cognitive performance
which includes acrivivies such as monitoring complex
traffic patterns to ensure aircraft separation through
appiication of established rules and procedures, reso-
lution of potential atreraft conflicts, wraffic sequenc
ing, assessing developing weather patterns, and
providing appropriate adjusimentsto routing. In 1987,
Computer Technology Associates, Inc. (CTA) com-
pleted a job task 2nalysis chart identified 14 cognitive/
senserv attributes required for performing the tasksof
exireme or high criticality associated with perfor-
mance of computer and radar workstation jobs in the
current ATC system (Ammerman, Bergen, Davies,
Hostetler, Inman, & Jones, 1987). These included
coding, movement detecrion, sparial scanning, fileer-
ing, image/pattern recognition, decoding, visualiza-
tion, short-term memory, long-teim memory,
deducrive reasoning, inductive reasoning, mathemati-
calfprobabilistic reasoning, prioritizing, and verbal
filtering. Many of these cognitive abilities have dem-
onstrated circadian variations and susceptibility to
circadian disruption {Monk, 1990). Thercfore, an
ATCS's performance of tasks requiring each of these
specific skills and abiliries could be expected to 1)
demonstrate circadian variability and 2} be suscep-
tible 1o the disruptive effects of shift work on circa-
dian rhythms.

The following excerpt from a report to the Aviation
Safery Reporting System {ASRS), a voluntary report-
ing system cperated by the National Aeronautics and
Space Administration {NASA), provides evidence that
some ATCSs perceive shift work to be a contributing
source of problems. In chis sitvation, the reporting
ATCS had been involved in an operational error. An
operational error occurs when an ATCS allows an
zircraft to get too close to another zircrafs, a con-
trolled airspace, or the ground. The controller listed
three factors conuributing to the incident, including

¥ 1 o d e AP
""v‘o:'f(-re.a;e’ EJ’OS‘C‘:‘;S S""E".:.n.

gy mJ

Rif
c?iom ing account was the schediz.e th
the present invastigation, the 2-z-1
e faciiity wentina '2-2-1 schedule this vear im which we
work 2 combination of evening, day and midnight shifts in
cach week Many ofthe controllers wanted thisscheculr, bus
many of us aid not. Unlorrunarely, those of us who did not
want it have had it imposed upon us anywey. 7 hs 1s 2 very
speciaiized schevinle desioned {or resilient peopie who func-
tion nermally onS 01 6 hours of ddeep. 1 am not one of thew
peeple. Because my work hours change on & daily basis, §
have become unable 1o form any normal sheep parterns and
sufer from bouts of fangue and insomnia 1 kmow Ir aff
the quality of mv performance and T know I am only onc of
many.

A number of similar repores can be found in the
ASRS. These reports, as well as anecdotal evidence
from various ATCSs, suggest that shift work, and in
particular the 2-2-1, may cause perceived excessive
fatigue, sleep loss, and stress, impacts perfermance,
and conrributes to operational errors.

Two opposing lines of reasoning can be proposed
with regard 1o the 2-2-1 schedule. Table 1 presents a
sample Z-2-1 schedule for reference as the argumenis
are developed (Melwon & Bartanowicz, 1986).

Table 1
The 2-2-1 Shift Schedule
Day 2-2-1 Hours Between
1 1600-2400 14
2 140G-2200 io
3 0800-1600 14
4 0600-1400 10
5 0300-0800 —

The case in favor of the 2-2-1 was made in the
literature by Melton and Bartanowicz (1386). They
suggested thar one advantage of the schedule was that
four of the five shifts were worked during normal
waking hours. Therefore, emplayees could maintain
relatively stable sleep/wake cycles for the four days of
the schedule in order to remain day-adapred. In addi-
rion, there was only one shift, the nighe shift, that was
disrnptive to the circadian rhythms. It was argued,
then, that the 2-2-1 may be less disruptive than other

ADA296578
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schocuics that revuire weekiy shift rorations in which
a -

20 empioyee works one shift for several davs, and ther

ototes 0 2 new schedule, such as “straighs-five”
shifts, a rotazing schedule in whicr emplovers work
five devs oo the same shift, have ewo days off berween
work weeks, and then rotate to a differenz shift for five
strzight work days. Melton and Baianowicz specifi-
callvsuggested that the 2-2-1 was better than straight-
five shifts. Scraight-five shifi scheduies can result in
selarively continuous circadian disruprion because
during each five-day work week. the bedy's circadian
shythms may not enzrain vo one shift unul abous: the
rime the emplovee rotates o a differenr shift, Field
studies comparing the 2-2-1 1o rotating straight-five
shifts Found the 2-2-1 10 be less swessful (Melton,
1982, 1985). More recent evidence suggests that even
employees permanently working straight nighr shifrs
do not completely adapt to the schedule {Naitoh,
Kelly, & Englund, 1950).

Another advantage of the 2-2-1 schedule may be
that it includes only one night shift per week, This
minimizes employees” exposure to the problems asso-
ciated with working the night shift, in addition w0
minimizing the circadian disruption. The placement
of the 2-2-1’s single night shift at the end of the week,

recludes any circadian disruption due to the nighs shift
from adversely affeciing work on the following day.

Cerrain characteristics of the 2-2- [ schedule, how-
ever, are i contrast to current research recommenda-
rions abour shift design. Examination of the 2-2-1
schedule reveals chat it is 2 continnously counter-
clockwise, rapidly rotating schedule, involving rwo
phase-advances of work stare times ef six haurs, each,
The quick-rurn-arounds provide employees wirh as
little as 8 hours between shifts in which w ger home
frem work, sleep, and return to work. This arrange-
ment has the potential to result in cumularive parrial
sieep loss during the week because of the two quick-
turn-arounds, as well as circadian rhythin disrupsion.
During the transition from the morning shift to the
night shift, employees’ sleep is additionally compro-
mised by forcing a sleep period during the afterncon.
Sleeping in the afternoon is likely to result in poor
quality slesp for a variety of reasens, including the
daylight in the environment, social and family acrivi-
tigs, and circadian rhythms being in a phase that is

P, Ry
;Lﬂul:zg

tained by the employee, e 1wo guick-turn-arounds
could be equivalent 10 two phase advances in thelr
sleep schedule. In 2n extreme case, in whichk 2n em-
ployee failed 10 maintain sieep/wake parcerns condu-
cive to 2z day-acapraticn, sleep pauerns could be
znajogous to flying rwo west to east jet flights across
stx time 2ca2s ana could be predicted 1o result in
symptoms of jet-lag or shifi-lag. Placement of the
night shiff at the end of the week, following the phase
advances and possible induction of shift-lag symp-
wins carlier in the week could cause adverse additive
interactions of problems ascociated with the night
shift and shift-lag effects.

Results from the series of CAME ATC faciliey field
studies on the 2-2-1 schedule indicated sleep loss of
approximately 30 minutes per week on the average in
2-2-1 shife workers. as compared to straighe-five shift
workers. In addition, the results indicated that ATCS:s
working the 2-2-1 schedule reported more fatigue
than those working non-rotaring, steady schedules
(Melion, 1985).

Sieep/Wake Cycle

The sleep/wake cycle and its relationship o circa-
dian rhythm disruption is imporrant to the present
study because the 2-2-1 shift schedule directlv dis-
rupts the sleep pauerns of employvees working the
night shift, and the phase-advancing properties of the
schedule may furcher disrupe the sleep/wake cycle.
Sleep, in the entrained state, has essensially a 24-hour
petiodicity. Entrainment to this period is related to
the more or less consistent timing of awaking in the
moraing and going to bed at night (Broughton, 1989,

Sleep durarion was found ro varv as a function of
the time of sleep onset in relation 1o the phase of the
circadian body temperature rhvrthm (Caeisler,
Weirzman, Moore-Ede. Zimmerman, & Knzuer,
1980). In free-running isolation studies, sleep dura-
tion was found to be longer when sieep onser times
were near the temperature peak, and shorter when
asleep times were closer to the temperarure minimum.
The mean sleep latency test demonsurared a rhythmic
pattern with two distinct periods of maximum sleepi-
ness occurring in the middle of the afrernoon and the

ADA296578




right {Lavie, 3986; Récha:d-
. & Demens, 1982).7
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the 2-2-1 Ifsleepisatrempied when the temperature

y

hvrhon is rising, a person would have more difficuin
faliing asicep and the duration would be shorter.
D2rareporied on the slecp patterns of shift workers
(Tepas, 1982) indicated thar for workers on dav shifts,
sleep occurs just prior to their shift, with asleep period
berween approximately 2300-0700. Afternocon and
night shift workers, however, tended 10 sleep immed:-
ately following their shifts. Afrernoon shift workers’
sieep periods were found to occur between approxi-
mately 2430-0830, while nighe shift workers gener-
ally slept between the hours of 0900 and 1700, Tepas
noted that the parrerns were similar for permanent
and rotating shift werkers. Workers on the night shift
exhibiied the shortest sleep periods, while afterncon
shift workers reported the longest total sheep times.

Phase Shift Studies

The term, “phase shift,” refers wo a shife in the
phasic relationship of circadian rhythms to time. An
example of such a shift van occur in rhe sleep/wake
cvcle as a resulr of a change in exogenous cues, such as
that which occurs when crossing time zones, oras a
resuir of shift work changes that result in a shifr in the

sleep/wzke cyele. The sleep/wake cycle or pattern of

sleep is measured by the time of sleep onset and
rermination (Webb, 1982). Phase advances or delavs
can occur in either orboth of these measures, and may
or may not result in & net change in sleep duration.
Examples of jaboratory-based procedures for phase
shifting the sleep/wake cvcle have included exposure
to bright lights, administration of melatonin, and
manipulating the restfactivity periods of subjects by
asking them ro sleep or work at particular times
(OTA, 1991).

Taub and Berger (1976 reparted aseties of studies.
in which they concluded that maintaining stable sleep
schedules was of equal or greater imporrance rthan
sleep duration for maintaining performance. In 1973,
thess authors reported 2 srudy ro examine the effecrs
of four consecutive weeks of phase-shified sleep on
perfarmance. They allowed normal 7 wo 8§ hour sleep
durations; however. they phase-advanced or phase-

expesimentai cancizéons resuitec in performance deli-

. Y . ) -
citson 2 1zuks, calcvlation and vigilence. In follow-un

studies with normal steepers {7 1o & hours per sieep

\J\

period) and “habirual long s*aepea‘s' (9.5 w ?@
ger {1976
m;mipu ated botch phase and duration ofs:&_p. inz

heurs per sleep period), Tzub and Berg

w

ne

e

phase-shifted conditions, sleep was advanced or de-
layed by 3 hours. All phase-shift conditions resulited in
speed and accuracy decrements on z vigilance task,
compared to performance afrer normal sleep periods
for each individual. Other studies, particularly those
on jet-lag (Wegmann & Kiein, 128%; Monk, Moline,
& umcber, 1988} indicated that interrupcons of
sleep were more detrimental 1o performance than
sleep foss.

Higgins et al. (1973} reporred the effects of 2 12-
hour phase shift in the work day. Fiftcen male sub-

jects, ages 20-28. were asked to work on the Muliple

Task Performance Bauery (MTPB) during the day
shift for four days. The MTPB provided a synthetic
work environment in which the influence of various
stressors, such as a phase shift of the sleepiwake cvcle,
on complex task performance could be systemarically
in ustigated in the laboratory. Sleep was scheduied for
2300-0600 during the first 4 duys of the study, ducing
which time subjects were working normal day shifts.
Then, atier ondy 3 hours of sleep (21060-2400} on the
fifth night, the work schedule was shified by 12 hours
to a night shift, for a periad of 10 days. During this
period, subjects slept between 1030 and 1800. No
changes in the total sleep quantity or quality were
found on a subjective sleep survey as a result of the 12-
hour phase shift. Performance on che MTPB, how-
ever, revealed that decrements in performance were
found on the day following the short 3-hour sleep
period: an 8% drop from the fiest session of the day o
the lasr. In addition, performance on the first three
days following the phase shift was relativdly high
during four nf the five one-hour MTPB sescions, bur
fell off significanily during the last session. The end-
of-the-day drop in performance was climinated by
days 4-G afrer the phase shifr. with little variation
across each day. A reversal of the diurnal pattern of
performance was shown during the last three davs of
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hase shift was sh _affzec iZ heurs from the pre-phase
it pea\ MTPS scores ware general iy lower on the
three fia‘fs of the stndy, probably as 2 resulz of an
end-of-the-study effect. Resulis from 2 subjeciive fa-
ug= gL stionnaire revealed that the totel fatigue
index f"c each day was not changed by the 12-hour
phase shift, but nine dayswere required fora complere
reversal of the daily pattern reported for fatgue.

In a follow-up study, Higgins, Chiles, McKenzie,
Funkhouser, Burr, Jennings, and Vaughan (1976}
explered different alrerations of the sleep/wake cvcie.
This study was designed as 2 laboratory analog of heth
a2 six-hour pbase advance and a six-hour phase delav.
Fifteen male volunteers {ages 21 ro 30} spent five 10-
hourdays trainingon a Kugelmaschine and the MIPB,
Then three days of baseline dara were collecred, dur-
ing which time subjects slept from 2230-0600 and
worked a two hours on, two hours off schedule on the
MTPB. with work rimes beginning at 0800, 1200,
1600, and 2000, On the fourth day, each group spent
time in the CAMI aldtude chamber, equivalent to 2
flight from O 2homa City to London, with a change

of olanes in Chicago. Three groups were established,
such thar one group slepr from 0230-0600 on the
fourth night, worked the schedule as noted zhove, and
then returned ro the pre-flight sleep time for the
duration of the study. A second group experienced a
G-hour phase delay and began siceping from 0430-
1200 for the remainder of the study, with work times
begianiig ar 1400, 1800, 2200, and 0200. The final
group slept from 2030-2400 on che fourth night and
then phase-advanced their sieep/wake cycle by 6 hours
{1630-2400" for the remainder of the study, with
work tirmcs beginning at 0200, 0600, 1600, and 1400.
This dnal condition was analegous to a west-to-east
flight or 2 quick-turn-around in a work schedule.
Little dirference was found in the physiological and
biochemical measures between the six-hour-change
groups. Rephasal time for body temperacure for the
six-hour phase shift was about half of that reported in
the 1975 (Higgins et al.) study. Performance en the
MTPB revealed thar the phase-advanced group had
the greasest deficit in performance, while the phase-
delayed group had the best posr-phase-shift perfor-

RATICE, THOWavVer, (nere Was s
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ars slept after the “High
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Akerstedt and Torsvall (1981) saggest that &f a
one’s age reaches the mid-40s, shift work mav suc
denly become intoleradble. Monk and Folkare (3 985
suggested 2 framework of four possible coneributary
facters to aging effecrs related to shift werk: 1) Comu-
lative adverse shift work cffects; 2) general weakening
of 2 worker's health and siress coping mechanisms; 3}
the Rattening of circadian rhyvthms with age; and 4;
sicep tends to become mare fragile and chere is a
tendency roward “morningness.”

Forer, Bensimon, Benoit, and Vieux (1981) inves-
tigated rhe cumulative adverse effects of shift work in
750 oil refinery shift workers. Workers over age 40
reported poorer steep and greater use of sleeping pilis
than younger workers. However, comparing workers
within the same age group, workers wirh longer expe-
tience with shift work demonstrated poorer sleep
patterns. Thus, the issuc of age is sometimes con-
founded with leagrh of time warking shifes.

Weitzmzn, Moline, Creisler, and Zinmerman
{1982) reported that the gradual flacening of circa-
dian rhythms wich age has been well-documented. As
nored in previous sindies of biological rhythms, am-
plitude and phase lability can be associated with
difficulty in coping with shift work. Weirzman et al.
{1982) zlso discussed :he deterioration of sieep pat-
terns with increasing age. This is characterized by
increased wakenings and 2 reduction in the total
number of hours slept. Research has also demon-
strated a shift in circadian phases with age roward 3
more morning type than evening type.

Merrens and Collins {1986} investigated che inter-
action of age, sleep deprivarion, and altitude on com-
plex performance on the MTPB, Older subjects
{60-69) demonsirzted somewhat lower performance
and were more affected by workload. There was a
significant interaction between sleep deprivation and
altitude that was enhanced by increasing workload.
Hawever, age was not found to be an exacerbating
factor.
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vy reporied age differences
ter 2m f}f?enﬂﬁ\,ﬂ period of sleep
Inthisst ::’ly performance of six younger
2 mpared with performance of
1Goicer men (—'@G-é ) duu“g the second night of sleep
deprivation. Twelve experimental tests were 2dminis-
tered. These included addition, visual search, word
mema;y, word doicciion, reasoning, numerical esti-
maticn. obiecr uses, remote associates 12sts, auditory
vigilance. and line judgment. The data demenstraced
that deprivation eficcts were grearer in older subjeces
on tests emphasizing speed of performance, as well as
those which did avt.

Thus, as employees age, there Is teason 1@ expect
that changes in sieep patteras and biological thythms
wonld result in increased cifficulty in adapting to
different shifts and shifr schedules that result in par-
tial sleep loss or circadian disruprion.

Research Hypotheses

Based upen the application of chronobiological
principles to the 2-2-1 schedule, it was hypothesized
that the phase-advancing properties (counterciock-
wise rotanon and quick-turn-arounds) would disrapt
the sleep/wake cycle and resule in cumulative partial
sleep loss over the course of the 2-2-1 schedule.
Specifically, it was hypothesized that

2) Phase shifts in the sleep/wake cycle would be
measurable in the aslecp and awake rimes of the
subjects during the 2-2-1 schedule.

b} Tocal sleep duration during the rwe quick-turn-
zrounds (berween the second afterncon <hift
and the first day shifr, and between the sccond
day shift and the nighc shift) of the 2-2-1
schedule would be significantly less than toral
sleep duration when 14 hours were available
berween shifts {berween the two afternoon shifts
and berween the two day shifts).

¢) Total sleep rime would be significanty less
during a 2-2-1 work week when compared to
total sleep time during a day shift work week.

d) Ratings of sieep qualiry weould be significantdy
lower during the 2-2-1, especially on the sece..d
quick-tusn-around (broween the sccond day
shift and the night shift) than sleep periods
during day shift wecks.

e} Age differencesin rorms e the sleenfwaze syie
weuld result in greates disruption for the clider
age group than fer the vounger age groun.

The intreduction has presented the theoretice!

background from which the 2-2-1 schedule was inves-

tigated, along with the hypotheses associzted with the
potential disruption of the sicep/wake cvcie investi-
gated in the stady.

Methadology

A four-week proincol was designed to investigate
the effecis of ¢ he 1-2-1 guick-turn-around scheduie.
The firse week of the protocol was allocared for subject
adapration o wearing physiclogical monirors 24 hours
per day. The remainder of the protocol involved an A-
B-A work schedule design whereby subjects werked
straight days (0800—1630‘ during the second week of
the study, the 2-2-1 schedule during the third week,
and returned 1o a s:raight day schedule for the fourth
week. A svnthetic work envirenment was creared by
using the Multiple Task Petformance Battery (MTPB).
The protocel is represented in Table 2. (All umes are
based upon the 24-hour clock notarion.)

To assess the effect of the sehedule on performance.
circudian thythms and sleep/wake cycles, as well as
subjective experiences of mood and sleepiness, anum-
ber of measures were collected during the study: 1)
Periormance on the MTPB; 2; physiological mea-
sures {core body temperature, heart rate, and activity
levely; 3) daily logs of sleep/wake times and s}er:g;
quality ratings; 4) nsuroendocrine measures; and 5)
mood and sleepiness scales. As previously noted, only
the sleep data are presented here.

Subjects

Twenty male subjects were selected from two dif-
ferent age groups for this study. Ten subjects were
berween the ages of 30-33, with a2 mean age of 32.0
vears. These subjects were termed the “Younger”
group. The sccond group of 10 subjects was berween
the ages of 50-55, with a mean zge of 52.4 vears, These
subjects comprised the “Older” group. The vounger
age range was selected 10 be represensative of ATCSs
after reaching full performance level, and the older age
range was selected because ATCSs must stop coneroiling
air traffic when they reach age 56. Subject selection was
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DAYS LABEL FROTOCOL
Week? Basefine Adapiztion o Vitalog Manitor
i £1 03860-090C0
2 B2 08063-0500
3 B3 0800-0900
4 B4 (800-0%00
5 B5 (J80Q-03800
6 W1
7 W2
YWeek2 DAYST Straight Day Shift
8 Ti 0800-1€30
9 T2 0800-1630
10 3 08G0-1630
11 T4 0800-1630
12 CDi 0800-1630
13 W3
14 W4
Week 3 2-2-1 2-2-1 Schedufe
15 Al 1600-2430
16 A2 1400-2220
17 1 080G-1630
i8 D2 0600-1430
19 N 2400-0830
20 W3
21 Weé
Wesekd DAYS2 Straight Day Shift
2 CcD2 0800-1630
23 CcD3 08G0-1630
24 CDh4 0800-1630
25 D5 4800-1630
26 CDé6 0300-1200
LEGEND
B=Baseline W=Weekend T=Training
CHB=Conirol DayA=Aiternoon Shift D=Day Shift
N=Night Shift :

~]
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sestricted 1o males i order 1o minimize cyciic variz-

B . ; : 1 : CT
moms rnar mighe have Ineracted with or masked

circadian variations in female subjects.

Human Subject Utilization Commiriee Reviews.
The scudy prorecol znd subject conzens forms were
approved by the University of Oklahoma Instiru-
tiona! Review Board. In addirion, the study protoco]
was reviewed and approved through the research re-
view process of the FAA Office of Aviation Medicine.

Subject Recruitment and Reimbursemens. Sub-
fects were recruited and paid by a subjece recruitment
contracror. Subiects received $10 per hour for theis
participation on-site in the laboratory and $25 pes day
for wearing the physiological moniztors. This tousled
approximately 31900 per subject for completion of
the study. Subjects were paid in two insallments:
gpon completion of the first two weeks and upen
completion ofthe study. All of the 20 subjects success-
fully completed the four-week protocol.

Subject Selection. Selection criteria were designs
to match subjects on characteristics of the ATCS

3

popularion. These included a medical examination,
vision test, memory rest, measures of intelligence, and
questionnaires about sleep, acrivities. 2leohol, and
drug usage. Other selection criteria were designed ta
minimize attrition rates and included requirements
for three-year local residency, three personal refer-
ences, and an on-site inrerview with research stzéf
Smokers were eacluded from the study. Subjects were
also screened for caffeine. alcohol, and illicit drug use
through administration of 2 drug use questionnaire.
Subjects reporting excessive use of caffeine or aleohol,
or any illicit drug use, were excluded from the study.

Initial screening was conducted by the contracror,
during which time addresses and references were veri-
fied, and informed consent was obrained from each
subject. Subscquent screening assessments were con-
ducred an-site 2t CAM]I. Rescarch staif reviewed the
informed consenr with cach subjecr individually, zgain
at the time of the interview.

To ensure equivalence of health status with the
ATCS population. subjects were required to meet the
requirements for the FAA Class I medical examina-
tion (14 CFR, Pars 67, Federal Aviation Regulations).

The Class I examination included screening for nor-

mal cardiovasciiar funciioning (bload pressure and
heart rate), vision, color vision, and aearing. W
requirerments inciuded assessment for 20720 or bewzer
in each eye, withour correction, or at leass 20/1G0 is

eack eye separately, with eorcection re 20/28 or bez-

L.

ter. Subjects were assessed for normal visual felds and
absence of pathology. as well as normal color discrimi-
narion ability. Examinations were conducted by the
CAMI physician and dinic staff.

The Shipley Imuitute of Living Scale (Zachary,
198G) was used as 2 measure of inteiligence. A mini-
mum WAIS-R equivaiens score of 104, or one sian-
dard deviation below the mean WAIS-R equivalent
score of ATCSs (169.8, SD=5.9), was established for
inclusion: in this study, based upon 2 study of 414
students enrering the FAA Academy ATCS Nanradar
Screen {Della Rocce, Milburn, & Mertens, 1992),
One exception was made to this criterion for one of
the younger subjects wirh 2 WAIS-R equivalent score
of 103, This subject wasaccepted in order to complete
a group of five subjects by the designated grouy
initiation date. The subjecr successfully met all ocher
criteria.

The Digit Span subtest from the WAIS-R
{Weschler, 1955} was alse administered. A minimum
capacity to remember five digits was required <o
successfuily complete the MTPB code fock task. Sub-
jects were required to recall 2 minimum of five digits
on the Forward Digit Span subtest and four digits on
the Backward Digit Span subtest. Prior studies from
this laborarory using the Digit Span demonsrrared a
positive correlation berween performance on che
MTPB cask and the Digit Span scores {personal com-
munication with Dr. Henry Mertens).

Horne and Osiberg’s (1976; Murningness-
Eveningness Questionnaire was administered ro sub-
jects az the time of screening, although it was not ysed
to select subjects. Data were collected to assist in
interpreration of the resulrs.

Table 3 presents descriptive siatistics from the
Digir Span. Shipley Institure of Living Scale, and
Morningness-Eveningness Questionnaire bv age
group. Analysis of variance comparing age group
means revealed no significant differences berween the
gioups o 2y of these micasures.
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Tabie 3
Descriplive Stafistics from Sublect Stresning Questionnaires
Younger Group Oider Croup
Mean S5 . feas 3D
Digit Span
Forward 7.5 0.8 7.2 1.4
Backward 3.2 1.7 5.5 1.3
Shipley Institute of Living Scale
Verbal 33.2 2.6 34.9 2.4
Abstract 32.6 3.3 32.2 4.0
Combined 66.2 4.0 67.1 4.8
WAIS-R equivalent 108.2 4.0 11433 4.6
Morningness-Eveningness 57.1 8.7 829 5.5
Definite Morning =] n=1
sModerate Morning n=4 n=7
Neither Type =5 =2
Modetate Evening n=0 n=0

Definite Evening

<
w3
]

o

Subject Demographics. Seventeen of the 20 male
subjecrs were Caucasian. Two subjects, one in each
age group, wese African-Americans. One subject in
the Younger group was American Indian. Fifreen
subjects were married. Half of the subjecis seported
prior mifitary experience, aight of whomn were in the
Older group.

One subject held a Master's degree, eight subjects
had completed a Bachelor's degree, and three subjecis
complered an Associate’s degree. Five addirional sub-
jects reported having attended college, The remaining
subjects had complered high school, with rhe excep-
tion of ons subject who reported attaining 3 GED,

Eight subjects reported being currently employed
at the time of their participation in the study. Three
subjects from the Older group were retired. Six of the
subjects reported previous emnployment in an avia-
tion-relared field. One subjecr in the Older group was
a former air eraffic controller with the Air Force.

Sleep Measures

Data on sleep times, duration, and quality were
coliected as seif-report data in subjects’ daily log-
bosks. The following measures were utilized from the
logbooks: 1) aslesp time; 2) awake iime; and 3} sleep
guality ratings. Total sleep time was computed as the
difference between asleep time and awzke time. These
times were verified by visual inspection of the Vitalog
accelerometer records and corrected in cases where
the amount of activity conflicted with the self-re-
poried times. Long awakenings during the reported
sleep period (30 minutes or more} were subtracied
from total sleep time.

Subjects reported sieep quality ratings in the daily
logbooks upon arising. A sleep quality questionnaire
used by NASA (Gander, Myhre, Graeber, Andersen,
& Lauber, 1989} was modified for use in this study.
The questions and scales were as follows: 13 “Falling
asleep,” from Not Difficulr (1) o Difficult (53 2
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"My sicep was,” from Nor Deep (1) to Deep (5% »
“Arising was,” from Not Difficuic {1} o Difficuls 31
and 4) 7 now feel,” from Not Rested (1) 20 Rested (3},
The responses were rescorad sa that high scores on each
question indicated good sleep. Then 'espomn' o all four

questions were summed 1o give 2 possible high score of 20,

Y

rocedures

The MTPE Laboratory was designed with five
wotkstations. Thus, four groups of five subjects com-
plered the proiocol between September 1992 and
February 1993, Each group of five subjects was bal-
anced for subjects from the Older and Younger age
groups (i.e., onv group consisted of rwo subjects from

the Older group and chree from the Younger group,
while the next group consisted of thiee subjects from
the Older group and two from the Younger groupl.

Subjects reporied ro the Iaboratory frem Monday
through Friday, bui continued wraring the portable
physiclegical monizor throughout the weekends. Start
dates for each of the groups varied due to various
scheduling difficuliies. Groups 1 and 3 began their
protocols zs scheduled on a Monday {Day 1). Group
2 did nor begin, however, unul Wednesday {Day 3},
and Group 4 started the study on a Tuesday (Day 2).

Protocei. On the srarc date of the four-week proto-

1, subjects reported to the laboratory from 0800 vo
1 203 for orientation and training on use of the Vitalog
physiological monitoring equipment. The orienza-
tion briefing included: 1} A brief summary of research
issues abour shift work, circadian rhythms, the ATCS s
job, and previous scudies validatung the MTPB with
ATCS srudents: 25 a formal briefing on the study
protocol; 3) FAA facility and parking issues: and 4}
potential applications of findings.

Subjects were instructed ro trear their participation
as a full-rime job, to refrain from drinking aleohel, or
taking any drugs or medications during the course of
the experiment without infm’ming the expriimenter,
and thar deviation from the protocol could result in
their termination from the study. Subjects were asked
to maintain relatively stable sleeping and eating sched-
ules. Phone numbers for the study staff were provided
to each subjzct. Subjects were instrucied wo contact 2
reseatcher as soon as possible should a problem arice.
Subjects were issued a Vitalog portable monitor

AModet 5000 following o , A Ten-nour

- FLE L S g .
> o

trzining session was provided s the approz&s' e use
Uf‘ PE: Eﬂui?ﬁ:fﬂi. Scl 'VECAS Vwere 'SSJCC ACTIVITY ‘iﬂg—
hacks, which had beea modified from EV:“...,—:“ fog-
beoks (Cander ct 2l., 19893, and instrucied on
mainraining daily records. Dara collected in the log-
books included simes zssociated wirh sleep and awak-
enings, sleep guality ratings, moud ratings, aciivities,
naps, meals, caffeine intake, physical symptoms, times
of urinations and bowel movements, 2ad time and
dosage of any medicine taken. The logbooks were
used to verify study compliance.

For the remainder of the first week. subjects re-
ported to the laboratory forapproximately onc houra:
0800 each day. Rescarchers met with cach subject
individually 1o astess any reporred problems, verify
completion of logbooks, and download physiclogical
data 1o 2 computer from the Vitalog monitors

During the second week. subjects began a ehree-week
period of woerking 8.5 hour days at the labormory,
Monday through Friday. Week 2 consisted of straight
dav shifts from 0B00Q-1630. Subjeces began training on
the MTPB on the first dav of the secand week. By the
second day of that week, a daily protocol was established.
Table 4 presents asample dzily protocol for the day shift.

The procedures were the same dusing the 2-2-1 schedule.

Table 4
sSample Daily Experimental Protocol
Time Activity

G800-0830 —-------- Arrive at the laboratory and
download physiolagical data

0830-G835 -om-neen Tracking and Questionnaires

0835-1035 ~v-eevem- MTPB Session 1

1035-1045 ~omomeae Tracking and Questionnaires

1045-1130 ~oreeere Meal Break

¥130-3 135 ——------ Tracking and Questionnaires

3135-1335 comeeee MTPB Session 2

1335-1345 o-ormeme Tracking and Questionnaires

13451400 ~reeeeees Break

1405-1410 Tracking and Questionnaires

1410-1610 MTPB Session 3

1610-1615 -~ Tracking and Questionnaircs

1635-1630 -------- Debiiefing. suppiies

ADAZ96578

1
N
5
i
:

TEDE TG S ETE




Hotrs
Day 2-2-1 Between Shifts
i 1600-2430 135
2 1400-2230 9.5 )
3 080C-1630 R
4 0600-1430 9.5

Jr

0000-0830 e

During the third week of the protocol. the subject
worked a 2-2-1 shift (Melwon, 19832)
tocol deraifed in Table 4 was followed during ali
shifts. The 2-2-1 was scheduled as shown in Table 5.

Subjects returned to working straight day shifis
{0800-1630} during the fourth and final week of the
proiocol. Orly two MTPB sessions were completed

. The daily pro-

on the final day of the study, and the remaining time
was used for collecting equipment 2nd debriefing.

Design and Data Anzlyses

The study was 2 mixed-model design with one
berween-groups factor and two repeated-measurcs
factors. The between-groups factor was age group.
The within-subjects factors were Day of the study and
Sesston {or Sample in the case of neuroendocrine
measures}. Analyses and facrorial models were specific
to each dependent measure. Data analyses were con-
ducred utilizing the SPSS statistical package, version
4.1 for VAX/VMS. For the majority of the analyses
the SPSS MANOVA procedure for repeated measures
was employed.

Multiple comparisons were conducted utilizing
procedures prescribed by Toothaker (1991) when
significant interactions or main effects resulted from
the MANOVA. The multple comparison procedure
{MCP} involved a series of paired t-tesis on planned
comparisons. The comparisons were developed as a
result of application of chronebiological principles to
the 2-2-1 work schedule. The contral for probability
of Type I etror was established by referring the c-value
10 2 Dunn critical value with paramertess df = }{n-1)
and C = K{K-1)/2, where | equals the number of
between-subject groups. n equals the number of sub-
jects per group, and K equals the number of repeated

11

measurements for (omy
parisons. IF fewer rhan 2li

the E’.».’.”ZIDCZ' vl

sons were compured, then C equ

1

pianned CSR“PETJSOBQ fTootia “3’, S91 § ch 23‘225}‘-

sis of 2 dependent measure ucilized a siigntly different
factorial design, based upor wher measures were col-
s fotlows.

lecred and the specific hyposheses rested, a
To testthe hypothesis that the 2 2-1 werkschedule
resultedina pf-ﬁa:e advance in the sieep/wake cycle and
cumulative pariial sleep foss, two-way, between-sub-
jects, repeated-measures, 2 x 186 MANCOVAs were
conpured for sleep measures where the two age groups
wete the berween-groups facior and 16 sleep periods
of the study were the repeated-measures facror, The
16 sleep periods were selected to paraliel the MTPB
erformance analyses. Therefore. the MANQOVA in-
cluded sleep periods from day CD1 through CDG ‘see
Tabie 2} and provided for comparison of day shifts wo
cach day of the 2-2-1 as well as the weekend days of
the study. Analyses were computed for 1) aslerp time,
2} awake time, 3) sleep durzation. and 4) sleep qualiry
ratings. Planned comparisons for asleep and awszke
times and duration included: 1) Comparison from
onesieep pericd 10 the next, beginning with Sawurday
before the 2-2-1 week through Thursday afternoon’s
sleep, 1o determine phase shifts from one sleep period
to the next, 2) CD1, a day shift, 1o the weekend prior
to the 2-2-1, 3} weekend sleeps before and afrer {fx 2-
2-1, and 4) the first two sleep per.ods of the recovery
week ro CD1, and cach other. There were a total of 12
comparisons. A Dunn’s critical value of 3.48 for 13
tomparisons with 15 degrees of fieedom was used.
To assess camulative parrial sleep loss berween day
shift weeks and the 2-2-1, mean differences berween
total sleep rime durmg DAYSI shifts o total sleep
time during the 2-2-1 shift, for 1 the roral seven-day
periad, 2) the five days of work and 3) nen-work days
were analyzed urilizing 2 {Age)xZ (Week) MANOV As.
Planned comparisons for sleep quality rarings in-
volved comparing 1) a day shift sleep, T4-CD1, 10 4
the weekends before and after the 2-2-1, b) each day
of the 2-2-1, and ¢) W6-CD2 1o examine recovery from
the 2-2-1 and 2) a weekend sleep (CD1-W3) to each day
of J‘ac 2-2-1. There were a total of 15 comparisons. A
Duan’s critical value of 3.48 for 15 comparisons and 15
degrees of freedom was used for these comparisons.
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Te test the hypothesis that working the 2-2-1 shify
woulc resiit in a phase advance of the sleep/wake cycle
and cumulative partial sicep Joss, three sets of measures
were anaivzed on the sleep of subjects during the study:
steep patterns, seep duration, and subjective sleep quality
ratings. Ddata from two subjects, one from exch age

group, were nnt inchsded in anayses of Asleep and
Awzke Times. in the caseofrhe Claersubject, hedid not
sleep following the night shift, and therefore, had no
Awake or Asleep Times. in the case of the Younger
subject, sleep patterns were affecred by transporniation
iequirements during rwo weeks of the study. Borh sup-
jects were inchuded in analyses of sleep duration and sicep

quality ratings. Resuits of the analyses were 25 follows.

Table &

Means and Standard Deviations for Asleep Times

Younger Cider Cverall
fAean S22 Mean s Miezn SO

SLEEP PERIODT LABEL o
Bassiine

Thur-Fri B4-B5 2339 3.2 2243 0.7 2309 i
Weekend 1

Fri-Sat B5-Wi 0040 1.9 2250 2.0 2345 21

Sat-Sun WT W2 ¢013 1.2 2340 i.5 2400 1.4
DAYST

Sun-Mon W2-T1 2324 0.8 2236 1.C 2300 1.0

Mon-Tue T1.T2 2249 0.9 2222 1.0 2236 1.0

Tue-Wedy T3 2318 1.0 2242 0.6 2300 09

Wed-Thur  T3-T4 2249 0.9 2281 0.5 2251 (.7

Thur-Fri T4-CD1 2319 1.3 2222 0.8 2251 1.2
Weekend 2

Fri-Sat CD1W3 oo i.6 2324 1.1 2352 1.4

Sat-Sun W3-W4 0046 1.8 2338 1.8 0013 1.8
2.2-%

Sun-Mon WA4-AY 0031 1.6 2343 1.7 0607 ih

Mon-Tue Al-AZ Q207 6.8 0149 0.5 0158 0.8

Tue-Wed AZ-D1 o138 1.0 2352 0.5 Qg05 G.8

Wed-Thur D1-02 2154 1.3 2127 0.9 2140 1.1

Thursday D2-N 1649 1.7 1652 1.2 1651 1.4

Friday Post W 1125 2.8 0944 0.9 1034 2.2
Weekend 3

Fri-Sat N-W35 0109 1.7 2307 1.6 0059 1.9

Sar-Sun W5 W6 0052 1.6 2352 1.7 0022 1.7
DAYS2

Sun-Mon We-CD2 0008 1.2 2213 1.2 2310 1.3

Mon-Tue CD2-CD3 2321 1.0 2215 0.7 2248 1.0

Tue-Wed CD3-CD4 2307 1.1 2236 .8 2252 1.0

Wed-Thur CD4-CD5 2311 1.0 2210 1.0 2240 i.1

Thur-Fri CD5-CD6 2356 1.2 2226 1.1 2311 1.4

12
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SleeniWane Tycie
To 2ssess the exrenc vo which the 2-2-1

. )
disrupted the sleepiwake cycle and served 1o phase

;
schnedule

advance subjects warking the schedule, the averzge
Asleep znd Awake times were computed, and the
changes induced by the 2-2-1 work week were exam-
ined. Tzbles 6 and 7 present the means and standard

S mra s fm Aomb P U e e st
aeviations for ASeep ang Awasr® TR0 L8738 WOIE
;-

incleded Som the 2ad of the Baseline week {aiter aif

groups had siarted the zrotveoll through the end of

£

DAYSZ, the final week of the study, including week-
ends and the sleep pericds before and afier the Nighs
shift, but nerincluding any "raps” that were taken in

addition to the major sieep pericd.

Tehiz 7
Mearns and Standard Deviatior

[£]
a3

Younger
Mean SE2

SLEEP PERIOD LABEL
Baseline

Thur-fri B4-BS 0614 1.4
Weekend 1

Fri-5at B85-wWi Q757 2.1

Sat-Sun WT-\W2 0849 2.8
DAYST

Sun-Mon W2 T 05330 1.2

Mon-Tue T1-12 0549 0.7

Tue-Wed T2-T3 0549 0.7

Wwed-Thur 73-T4 0545 0.7

Thur-Fri T4-CD1 0600 0.8
Weekend 2

Fri-Sat CDt-w3 GB20 2.7

Sat-5un Wi-Ww4 0852 2.4
2.2-1

Sun-Mon WAl o8y 2.2

Mon-Tue AT-A2 0845 24

Tue-Wed A2-D1 0604 3.7

Wed-Thur m-bD2 0433 ¢4

Thursday D2-N 1958 2.0

Friday Post N 1534 2.1
Weskend 3

Fri-Sat N-WS5 0857 2.4

Sat-Sun W5-Wo 0915 1.8
DAYSZ

Sun-Mon We-CD2 0513 0.2

Mon-Tue CD2-CD3 0603 0.6

Tue-Wed CD3-Ch4 0601 Q.8

Wed-Thur CD4-CO5 (549 1.0

Thur-Fri CD5-CDa 0612 0.6

Oider Cverall
Mean 50 Mear sD
653_. o5 DA g [
G718 1.3 0738 1.8
0745 V.G 0817 2.1
0548 4] 4539 3.9
0543 G 0546
0545 c3 0546 0.5
0548 0 0546 C.6
0552 4 0556 0.6
G731 1.4 0805 2.1
Gao7 0.9 OE-D 1.8
0704 1.0 0740 1.8
0821 1.3 0833 1.9
BENES 0.2 0600 3.5
0415 0.3 0423 0.4
2056 19 2027 2.0
1304 1.9 419 2.3
0736 1.5 G826 2.0
0813 1.2 844 16
0545 0.3 0538 D.4
3522 0.6 0543 0.7
3551 0.5 0557 0.6
as53 Q.3 Q332 0.7
0551 3.6 0631 06

13
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3
lig gr{mg‘ as "enrean Elvf 0{ thf' fli‘“c ] GS‘ f & 2.%-1
schedule on the sleepfwake cycle. Work times have
been nﬁéspia red, along with sleep times. to provide a
c

ICIQICnCC.
Ewcvure reveals the disruption of the sieep pattern
by the 2-2-1 schedule. An Age x Days berween groups

rL;TcaLcd—measures MANQOVA wes compured for the
Asleep and Awake times 1o assess the exient o which
the sleep patterns were altered. The analysis included
those sleep periods occurring berween days CD1 and
CD6. including weekends and the afternoon sleep
before the night shift, resulring in2 2x 16 MANOVA,
Tables 8 and 9 present the results of the MANOVA
tor Asleep and Awake Times, respecrively.

Resuis of 1he HIANGVA for Asieen Time reveaied a
significant main effect of Age, F{I. 1(} 7.25,58<.001, 25
well as Day, (13, 240)=1806.04, p<.301. The simpie
main effect of Age indicated that the Clder group
{M: 151) went to sleep appioximarely one aour before

¢ Younger group (M=225(1) on the average ¢ "?"--auc??ﬂ—
out the study. Pianned mualiiple compar’sons revesled
the following phase-shifting patteras of Astecp Tirne duc
1o the 2-2-1:

1} Asleep time was significantly later {phase delayed)
on the A1-A2 sleep (M=0158} than the W4-Al
sieep (M=0007) by approximaiely rwo hours,

1{16)-4.62, p<.US. as z resub of working until
0036 on the Al shift.

2} There wete three significant advances in the Asleep
times of the three sleep periods following the
phasc defay.

Sleep Patterns

pSLEEP

WORK

Bess| B384
sne B-B5

Cayst 213

1809 2000 2200 0000 0200 (A0 0800 0800 1000 1200 1400 1800 180K
TIEE

Figure 1.  Sleep/wake patterns and werk times for ane subject frem the younger age group. Data are
inciuded for the duration of the study protocol from the end of the Baseline week,
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b RANDYA Summary Table for Asleep Times

wrce Degraes Seorms Heeam

,F;_ of Variation of Freedom af Squares v Sguares 7
i Age ': 70.01 70.01 7,257
[j Between Subjects 16 154.59 866
'% Day of Shift 15 3670.09 ) 244.67 5004
. AgebyDay 15 2326 1.55 N.S.
: Within Subjects 240 315.64 . 1.32
g *0<.05
**p<.001
: Tabie 2
MAMNOVA Summary Table for Awake Times
Source Degreas Sums Meanr
of Varlation of Freedom of Squares Squases F
Age 1 20.58 20.58 NS,
Between Subjects 16 _199.3G ] 12.46
Day of Shift 15 4308.99 287.27 _225.29%
Age by Day i5 36.59 2.44 R A A
Within Subjects 240 306.02 1.8
*p<.05
**p<. 007
a) Asleep time was significandy earlier (phase- 3) There was no significant difference in Asleep
advanced) on the A2-D1 sleep {M=0005) timtes berween the weekend nights {CD1-W3
than on the A1-A2 sleep (M=0158) by ap- [M=2352] or W3-W4 (M=0071]} and Sunday
proximately ewo hours, t(16)=13.61, p<.05. night before the 2-2-1 (W4-A1 [M=00071),
b) Asleep tme for the D1-D2Z sleep period suggesting thar the night before the start of the
{M=2140)} was significandy earlier than the 2-2-1 was treated like a third weekend night, in
A2-D1 sleep period (M=0003), the firsc terms of Asieep time.
quick-turn-around, by approximately two 4} No significanrt differences were found among
and one-half houts, 1{16)=8.71, p<.05. weekend Asleep times either before or after the
¢} Asleep time for the D2-N sleep period 2-2-1.
{(M=1651), the second quick-turn-around, For Awake time, there was a significanc Age x Day

was significantly earlier than the D1-D2 interaction, E(13, 240)= .91, p<.05, as well 25 2 main
steep pericd (M=2140) by approximately  effect for Day, (15, 240)=225.29, p<.00). None of the
five hours, 1{16)=11.61, p<.05. planned comparisons for Age x Day reached statistical

aaaldl
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significance, indicating that the interacuion was not
i)

hir the planned investigation of effects of the 2-2-

-

v
i, The resules of the planned comparisons fer the Day
effects indicated the fellowing:

1) Subjects awoke significantly lazer on the week-
ends than on the day shift, Awake tinme on the
Sarurday morning (CD1-W3) before the 2-2-1
{M=0806) was significantly fater than the Awake
time on T4-CD1 (M=0556) by approximarely
rwo hotrs, t{16)=4.96, p<.03. Similar patteras
were found when comparing CD1 1o Awake
rimes on the remaining weekend days. Awake
time on W3-W4 hefore the 2-2-1 (A{=083%9)
was approximately two and one-half hours later
than CDVE{M=0556), 1{16}=7.06, p<.0% Com-
pared 10 T4-CDI1, the W4-W5 (M =081206;,
1(16)=6.27, p<.03, and W3S-W6 (M=0843),
£(161=8.76, p<.05, morning Awalce times were
also significantly larer.

2) Therc was no sigaificant diffvrence berween the
Awake times on W4-Al and the other days of
the weekend before the 2-2-1, suggesting again
that the Sunday night before the 2.2-1 was
treated like another weekend night. in terms of
Awaxe uime,

3) There were three significant advances in Awszke
time associated with the advancing Asleep times
during the 2-2-1.

a} Awake time for the first quick-turn-around
sleep, A2-D1, {(M=00600) was significantly
earlier than Awake time for the Al-AZ sleep
{(M=~0833) by appreximarely 2.5 hours,
W16)=6.27, g<.05.

b} Awake time was also significantly eaclier for
the D1-D2 sleep (M-0423) than for the A2-
D1 sleep (M=0600) by approximarely 1.5
hours, {16)=11.04, p<.05.

¢} Finally, Awake time on the second quick-
turn-around sleep, befare the night shifr
{D2-N} on Thursday aliernoon {M=2027}
was significantly earlier than Awake time for
the D1-D2 sleep {M=0423) by approxi-
mately eight hours, £(16}=34.30, p<.05.

4) There were no significant differences in Awake
rimes between weekend mornings before or
after the 2-2-1 shift.

16

after the 2-2-1, the Awake time was sigajil
cantly carlier {(M-0358) compared 10 the Awake
timme for the W3-W6 slesp {M-0844) 5y ap-
proximately 2.75 hours, 1{16}=8.23, p<. 05
Finally, the sleez patrerns on the Friday following
the Night shifi were highly variable. OF the 20 sub-
jects, 19 slepr on Friday during the day. (Of those, 10
{seven Younger, nine Clder} slept in the morning
ith Asleep thmes ranging from 0840- 1115, and Aweke
times ranging fram 1100-1700. The remaining sub-
jects {three younger stepr in the afernoon. with
Asieep rimes ranging from 1320-1620 and Awake
times ranging from 1800-1840. One subject from the
Clder group, whe remained awake during the day un
Friday, fell asleep ar 0050 on Saturday.

Sleep Duration

Measures of sieep duration were assessed 1o derermine
whether or not the 2-2-1 resulted in cemulative pardal
sleep loss. Means and standard deviations for mean sleep
duration (MSD?) are presenied in Table 16.

Figure 2 presents MSLy by day and week of the
study. Figure 2 shows that daily sleep duration was
relatively stable during the Baseline {Week 1}, DAYSI
(Week 23, and DAYS2 (Week 4), but exhibited amore
erratic pattern during the 2-2-1.

Table 11 presents the MANOVA Summary Tuble
for MSD.

The results of the 2 x 16 MANOVA revealed &
significant main effece of Day, E(13. 270)=28.08,
p<.001 on MSD. Planned multipic comparisons re-
vecaled the following:

1) Weekend MSDs were generully longer than
wark day MSDs. MSD was significandy longer
for the W3-W4 sleep (M=8.5 hours) before the
2.2-1, £{18)=3.59, p<.05, and the N-W5 sleep
{M=8.2 hours) followingrhe 2-2-1, :{18)=3.48,
p<.05, than the T4-CD1 sleep peried before the
Day shift (M=7.6 hours).

2} The Sunday night before the 2-2-1 (W4-A1) was
treated like 2 weckend nighe, MSD on W4-Al
(M=7.6 hours) was not significantly different
from W3-W4 (M-8.5 hours), but was signifi-
cantly longer than the following might's {Al-

A2y slesp (M-6.4 hours), 1{18)=3.52. p< 05,

ADA296578
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SLEEF PERIOD LABEL
Baseline
Thur-Fri B4.85
YWeskend 1
Fri-Sat B5-Wi
Sat-5un WI-\W2
BAYST
Sun-Mon W2-T1
Mon-Tue T1-72
Tue-Wed T2-T3
Wed-Thur T3-T4
Thurs-Fri T4-CDt
Weckend 2
Fri-5at Ch1-W3
Sat-Sun W3-W4
2.2-3
Sun-Mon W4-Al
Mon-Tues Al-A2
Tues-Wed  A2-D1
Wed-Thurs  [31-DJ2
Thursday D2-N
Friday Post N
Weekend 3
Fri-Sat N-WS5S
Sat-Sun W5-We
DAYS2
Sun-Mon woe-CD2
Mon-Tues CD2-CD3
Tues-Wed  CD3-CD4
Wed-Thurs  CD4-CD5
Thurs-Fri CD5-CD6
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Tabie 9%

A 4 s Tt £ B2oan Claam Diirailam
MANDVA Sussmzry Sadle for Mean Sisep Duration

Source Degrees Serms Mezn

af Yariation of Freadom of Squares Souares z
Age 3.66 3.66 NS,
Between Subjects - 18 158.81 8.82

GayofShit 13 _ 615.62 41.04 28.08%"
AgebyDay 15 30.80 2.03 NS,
Within Subjects 270 394.63 1,46

i LA

AT, SRR R 5 Ty TTAIVTT T

I

Hours

Sun Mon Tue Wwed Thu Fri Sat

Figure 2. Mean Sleep Duration by day of the week for each of the four weeks of the study over both

age groups.
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3% ificant differences in M5 in
the midéle of the 2-2-1 week, comparing Al-
A2 (Mi=0.4 hours), A2-D1 {(M=5.8 heurs), 2ad
[31-D2 {M=6.5 hours) nights to the T4-CD1

' sicep o7 among each of these three nights dur-

SIEWEIeE RO ':EG‘

; tngt 1e 2-2-1. Of note is tne face that, alchough
the ASD dropped on A2-DD1, dhe first quick-
turn-around, it was not a significant drop.

4) Significant sleep loss did occur just prics to the
Night shift on the Thursday afrerncon sleep
period. The MSD on Thursdey afternoon was
only 3.7 hours and was significanely less than
D1-D2sleep {M=6.6 hours), t{18)=7.69, n<.05.

5) MSDs on the weckend following the 2-2-1 (N-
WS and WS-WE) were not significantly fonger
than the corresponding weekend days prior to
the 2-2-1 {CD1-W3 and W3-W4),

To determine if the 2-2-1 schedule resuited in
cumulative partial sleep loss, subjects’ MSDs were
assessed in a manner similar zo a previous ATCS sleep
study {Saldivar, 1977}, which involved three ccm-
parisons berween DAYS] and the 2-2-1 weeks: 1) the
seven-day week, 2) the five-day work week, and 3)
non-work days. Sleep durations for cach period were

czicviated for the sle2p prios 1o the work oF non-wors
perind. T sieep durations used o caloulate
the fve-day work wmkz:‘.c!_c,cc uadaynight through
Thursday., Durlng the DAYST week, the Tn;.rscis.,

su:ep penoé was T hursgay mgnu, however, Gu::;‘.g the

: herel G'C,

2-2 1, the sleep period was Thurséay afterncon prior
to the nighe shift. Sleep obrained after thiz nignt shif
on Friday morning was incleded in the MSD for the
seven-day week, but not for the five-day work wesk or
the non-weork days. Nan-work days included Friday
and Saturday mights. Table 12 presents descriptive
MSD data for cach of the three time frames by age
group and by shift schedule (DAYS1 and the 2-2-1).
A2x2 MANOVA with age as the between-subjecis
independent variable and mean sleep duration as che
dependenr, repeated measure across the mwo shift

weeks, was compuied for each of the three compari-

sons. Comparison of the MSD for the sleep pericds of

the five work days (Sunday through Thursday) re-
vealed that subjects slept significantly less on the
ave:age during the 2-2-1 shift (M=6.05 hours). E(1,

18)=11.77, p<.01, than during DAYS! {M-=6.80
hours). However, comparison of MSD across the seven
days for Sunday through Saturday night revealed no

Tabie 12
Means and Standard Deviations

DAYST (Week 2)

2-2-1 (Week 3)

19

Mean (hours) SD Mean (hours) sSo
5 Work Week Days 6.80 .69 6.05* .83
Younger Group 6.58 .65 6.09 1.04
Older Group 7.03 .69 6.01 .62
7 Work and Non-work Days 7.23 63 7.19 .86
Younger Group 7.0 .64 7.24 1.05
Older Group 7.36 61 7.i4 .69
Nan-Work Days 8.26 1.35 8.26 1.29
Younger Group 8.40 1.74 8.04 1.41
Older Group &8.19 .89 8.48 1.18
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sigrnificamr differences due to the shifi schedule worked.
No significant differences were found in MSD be-
wween the non-wetk days (Friday and Saturday nighes)
fellowing sither shift schedule, suggesting thas the
deep cebr, accumuiated during the 2-2-1 schedule,
was made up by sleep following the nighe shift on
Friday. No age differences were found.

Sieep Quality Ravings

Subjecrive ratings of steep quality were recorded for
each sieep period, except the Friday morning foliow-
ing che Nighs shift. Twao subjecss, one from each age
grovp, were excluded from the lollowing datwa for
failing tc complete all rarings. Ratings for the four S-
point scale items were summed for a total of tweney
possible points. Lower razings tepresented poor slecp
quality; higher ~atings represented good sleep qualiry.
Means and standard deviations for combined sleep
quality ratings are prescnied in Table 13,

T .

able 14 presents ithe MANGCVA Summary

L EDI
for the combined Sleen Qualley Railngs.

The resuits af the 2 x 16 MANOVA for combined
sleep quality ratings revezled a main effect for Day,
E(14,224)=7 22, £<.001. Ylanned muitiple compari-
sons revezled:

i} Compared 1o 2 day shift sleep {T4-CD1}, only
the 2-2-1’s second quick-turn-zround D2-N
steep quality (M=11.1) was rared significantly
lower than the T4-CD1 sleep (M=14.3),
16j=4.55, pe 05

2} Comparison of each of the 2-2- 1 work days with

aweckend (CD1-W3) sleep (M=16.2) revealed
significantly lower sleep quality razings for thiee
of the five 2-2-1 sleep periods: A1-AZ (M-13.3),
116)=4.28, D1-D2 (M=~ 13.2),{16)=3.67; D2-
N(M-=11.1),1{16)=6.33, p<.05, indicating that
for three of the 2-2-1 sleep periods, sleep quality
was rated pocrer than weekend sleep. This was

Qildes Overal]
Mean 5D Mean sk
14.4 2.8 4.3 2.3

5. 3.3 16.2 2.9
5 1.7 15.3 1
147 2.6 3.9 3.0
3.1 2.8 133 27
14.4 24 13.2 34
12.1 3.2 13.2 3.2
10.4 2.2 it 2.4
16.3 2.2 1549 2.5
16.3 1.3 16.3 g
13.7 2.9 136 35
i4.9 1.7 14.4 2.5
15.7 2.8 14.9 28
14.8 3.1 14.7 2.4

Table 13
Means and Standard Deviations for Combined Sleep Quality Ratings
Younger
Mean s5e
SLEEP PERICD ELABEL
DAYS!
Thurs-Fri T4-CD1 14.1 1.¢
Weekend 2
fri-Sat CDi-w3 16.6 27
Sat-Sun W3-wW4 153 2.2
2-2-1
Sun-AMon W4a-Al 15.1 3.4
Mon-Tues AT-A2 13.4 2.7
Tues-Wed A2-IN 119 39
Wed-Thurs D1-002 14.3 3.C
Thursday D2-N il.7 2.4
Friday Post N — —
Weekend 3
Fri-Sat N-W5 15.4 L]
Sat-Sun W5-Woe 16.2 2.2
DAYS2
Sun-AMon We-CD32 13.4 4.3
Mon-Tues CD2.CD3 129 31
Tues-Wed CD3-Ch4 14.1 27
Wed-Thurs  CD4.CDE 14.6 2
Thurs-Fri C05-CDe

14.% 3.9

4.3 2.3 14.2 3

20
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Table 14

ST, Ao, sns P

MANCVA Summary Table for Sleen Quality Raiings

ot

¢
8]
1
3

Scurce Degrees Sagns Mear

ef Variation of Freegom of Squares ~ Sguaves b

Age 1 o 278 2.7C NLS.
Between Subjects 16 o 77413 48.38

Day of shift 14  ag453 34,61 7.22%
Age by Day 14 81.91 _ 5.85 N.S.
Within Subjects 224 1073.42 4.79

**p<. 001

not rrue for either 1) the Day shift sleep, T4-CD1,

or 2) A2-D1, the first quick-tura-2zround, neither

of which was found to be rated significantly lower
than the weckend ratings.

Each of the sleep quality raving categories was assessed
to determine which dimensions were identifted by the
subjects as the source of the perceived sleep disruptions.
MANOVAs on each of the four questions resulted in a
significane mzin effect for Day, as follows: 1) Difficuley
in falling asleep E(4, 224}= 3.18, p<.001; 2) How deep
was sleep, E(14, 224}=6.62, p<.001; 3} Difficuity aris-
ing, [(14, 224)-3.44; and 4) Rested fecling E(14.
2243}=5.90, p<.0G1. Planned comparisons on each of the
four questions revealed the following:

1) For T4-CDl, a day shift sleep, compared w0
D2-N, the quick-turn-around 1o the nighe shift,
results revealed that the afiernoon skeep on D2-
N {M=2.22) was nat rated as decp as the T4-
CD1 slecp (M=3.78), 1{16)=5.50, p<.05. No
differences were found, however, for any of the
other three sleep rating items.

2} For a weekend sleep, CD1-W3, compared 1o
the sleep periods associated with the 2-2-1 shifr,
resulis revezled thar:

1) For the A1-A2 slesp, subjects reported sig-
nificantly poorer rarings for difficulty aris-
ing {M=2.83) and for how rested they fel(
(24=2.94) than for CD1-W3 ratings of dif-
fenltvarising (M-4.17),1(16)=4.26, p<.05

and how rested they fele (7M=4.0),1(16)=4.78,
<03, respectively.

b) For the D1-D2 sleep, subjects seported sig-
nificantly greater difficulry falling asleep
(M=3.06) than for CDI1-W3 {(M=4.33),
1(16)j=3.86, p<.05.

¢} For the afternoon D2-N sleep, subjeets re-
ported poores sieep quality rarings on all
four questions than for the weekend, CD1-
W3, Falling asleep was rated more difficulc
on D2-N {M-2.94) than on CD1-\W3
(M-~4.33), 1{16)=4.74, p<.05. Subjects re-
ported deeper sieep on CD1-W3 (M-3.72}
thanon D2-N (M=2.22}, ((16}=4.34, p<.05.
Arising was rated more difficult on D2-N
(M=3.44) than on W3.W4 (AM=4.17),
K16)=3.71, p<.05. And finally, subjects re-
ported feeling significandy less resced on
D2-N (M=2.50} than on CD1-W3
{M=4.00}, t{16}=4.60, p<.05.

d) One additional finding was thar subjects
reported feeling significantly less resied on
A2-D1 {(M=2.78} than cn CDI1-W3
(M=400), 1{1 6):427, p<.05.

3) Sleep ratings for W6-CD2, the sleep prior o

the first day shift after the 2-2-1, were no
different on any of the items than for T4-CD1.
suggesting no extended effects of the 2-2-1
beyand the weekend.

T e e e Tae 5L
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Thoe celeulazion of sleep duration did rort include

u
naps of sleeps tz«en aside from the maior sleep of the
day. However, napping daia were coliected and age
summarized as follows:

Baseiirﬂ' A total of 23 naps (bv 14 subjects) were

en froma days B3-35 during the baseline week.
i izese naps occurred on days when subjects only had
o repori to the lab for one hour per day. Thirtezn of
the naps were raken by subjects in rhe Younger age
group {M=1.5 hours}, and ten were taken by subjeces
in the Clder age group (M=1.1 hours).

DAYSL. In contrase, only two naps were reported
during the five days of DAYSL. A 1.5-hour nap was
raken by 2 Younger subject and a .25-hour nap was
tzken by an Older subject.

2-2-1 Week. Nine naps (by eight suiﬁjccrs} were
reported during the 2-2-1 work week. Six of these
were taken on Al the day of the firse
The remaining three were taken on A2, the day of the
second afierncon shift. Of these naps, four were taken
by Younger subjects {M~1.9 hours} and five by Older
subjects (M=.75 hours).

DAYS2. Six naps (by four subjects) were reported
during DAYS2. The mean nap time for che Younger
subjects {(n=2) was 1.25 hours. One Qlder stubject

afrernonn shif.

wook a.25-hour nap, while the other did not report the
actual length of the nap.

Weekends. Seven naps were reported for the week-
end before DAYS], eight were reported for the week-
end before the 2-2-1, and six were reporred for the
weekend before DAYS2. Of these 21 naps, nine were
taken by five Younger subjects {M=1.7 hours} and 12
were taken by six Older subjeces (M=1.2 hours). The
number of naps reported did not increzse on the
weekend after the 2-2-1 work week.

DISCUSSION

This report presented the results of an investigation
of a unique, rapidly-rotating shift schedule, the 2-2-1,
commoniy used by Air Traffic Control Specialists.
Application of chronobiological principles to this
particular work schedule revealed properties that could
result in opposing pesitions supporting or discourag-

22

-

ing the use of the schedyle. ‘-jm’;q,

variaus implicztions for cthe health and job satisfac-
tion of the work feres, as well as mezintenance of
intheair traffic systens. Bven though the schedule has,
over the past two to three decades, heen successfully
ased in ATC facilities, reports. such as these from the
ASRS, car be found to impiicate the schedule a: 2
source of fatigue and sleepiness. Because air raific
control is a safery-related occupation, it was impor-
tant 1o investigate tne extent to which the 2-2-1
schedule could result in possible adverse effects, such
as sieep disruprion.

The results from the sleep pattern dara z2nalyses
supported the hvpot:hcsis that the 2-2-1 significantly
disrupted the slecp/wake cycle. The disruptions were
primarily in the form of phase-shxftmg The 2-2-1
schedule, in the present study. resulred in one phase
delay of two hours, followed by two phase advances of
2- and 2.5-hours each in Asleep times {(not including
the shortened sleep obtained prior to the night shift).
Similar patrerns wete found in Awake times. Thus,
the schedule created a situation analegous to one east-
west, and two sequential west-cast flights. The phase
advances occurred in this srudy on Tuesday and
Wedncsday nights {before cach of the day shifis).
Although the advances in Asleep and Awake times
were statistically significant for the sccond quick-
turn-around {from the day to the night shift), it was
rot clear how disruprive this was to the subjects.

On the weekends, subjects awoke significantly later.
and therefore, obrained moresleep. The Sunday nigh:
sleep prior to starting the 2-2-1 was similar 1o the
other weekend nights for Asleep and Awake rimes.
The Asleep and Awake times on the weckend after the
2-2-1 were very similar to the weekend after a week of
day shifts, suggesting that weekend sleep patterns
were not affected by the phase shifts during the 2-2-
1. Ir shonld be noted that, although this protocol
scheduled days off from work to coincide with “nos-
mal” weekends, for a proportion of the ATCS wark
force, the days off would not be Saturday and Sunday.

Finally, a significant age difference was found in
Asleep times, indicating that the Older group, on the
average, fell asleep approximately one hour before the
Younger group over the course of the study.
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The hypothssis chat there would be sigmificant
decrezses in the mean sleep durations (MSD) on the
nwe guick-turn-arounds was only partiaily supporred
5y the fata. The MSD on the first quick-turn-around
from tae afrernoot to the morning shift was short-
ened. but failed to attain statistical significance in the
present sindy, The sleep duration on the rapid wransi-
ticn frem the Day to the Night shifi, however, was
significantly shortened te 3.7 hours. Thus, the 2-2-1
enly significantly decreased MSD on the afternoon
prior to the Night shift, tnstead of the dual disruption
that was possibie, duc 10 the 1wo quick-turn-arounds.

The Sunday night sleep, just prior o the first 2-2-
I zfeernocon shift, was significan:ly longer in duration
than the other days of the 2-2-1 work week. in
combination with the Asleep and Awake time data,
this would suggest that Sunday was treated, and could
be perceived by employees, as a third weekend migh.

Cumulative pareial sleep ioss was assessed by com-
paring the MSDs during the first day shift week with
the 2-2-1 week on three measures: 1) zhe five days
prior to each work day, 2 the total seven days in the
week, which included the weekend afrer the shift, and
3) the weekend nights. While sleep debt accumulared
over the 5 workdays, the subjects made up the deficit
by sleeping during the day on Friday after the Nighr
shift. Based upon the fact that the only significantly
shortened sieep duration was prior to the Nighe shift,
the 2-2Z-1 schedule couid not be characterized as
resulting in cumularive partial sieep loss in the present
study.

Sleep quality ratings generally deteriorated over the
caurse of the 2-2-1 week. Sleep was rated on the
follewing four dimensions: difficulry falling asleep,
depth of sleep, difficulty arising, 2nd how rested the
subjects felt. Scores from these four dimensions were
combined into an overall sleep rating. Weekend sleep
periods received the highest quality ratings. The Con-
trol Day shifts were nor significanty different than
weekends. Afier the first afternoon shifi {A1) of the 2-
2-1, which ended after midnight, subjecrs reported
having more difficulty arising and fecling fess rested
(when compared to a weekend sleep). On the first
quick-turn-around from afternoon shifts to day shifts,
subjects reporied feeling significancly less rested, as

compared t¢ weekend s[ecp. Zvern though subj

nad mearly 14 hours o berwesn Ty shifts, the slee;

pattern was phase-advanced
the second day for the secon
subjecss reported difficuity failing asleep.

As anticipated, combined sleep rziings indicaced
that subjects found che afterncon slesp during the
trznsition ro the Night shift 10 be the worst. This was
reiated, in this group of subjeces, 2o perceived depih of
sleep when compared to sleep on a control day shift
(CD1). Compared to weekend sfeep quality ratings,
however, the zfternoon sleep of the second guick-
wrn-around was rated significandy lower on all four
qualiey rating measures.

Findings from the present study paralleled those
from previous studies, Sleep duration over the course
of the 2-2-1 from this laboratory-based study demon-
strated 2 similar pattern to sleep duratiens in CAM]
studies from ATC field facilities {Saldivareral., 1977
Melton, 1983). In the previous CAMI studies, how-
cver, sieep duration was significantly reduced for the
sleep associated with Day shifts, which included the
firse quick-turn-around. Similer findings were re-
cently reported from ATC field facilicy studies by
Schroeder, Rosa, and Wi {1995} in which sleep
duration declined throughour the 2-2-1 week. This
was probably associated with ATC field facility Day
shift start times before the 0800 start tire on the fisse
2-2-1 day shift in this study. Early morning shift start
times have been demonstrated to resule in shortened
sleep durations (Folkard, 1989). As with the Saldivar
study {1977), the data in the present study on sleep
duration suggested that any sleep debt accumulated
during the 2-2-1 was recovered by the end of the
weckend following the 2-2-1.

The most important finding from the present study
was the demonstration of the impact of the 2-2-1 ¢n
the subjects” sleep/wake cycles. None of the previous
studies had addressed the phase-shifting issues associ-
ated with the 2-2-1 schedule. Taub and Berger (1973,
1976) canducted a series of phase shift studies, in
which they concluded that maintaining stable sleep
schedules was of equal or greater imporeance than
sleep duration to maintenance of performance. Phase
shifts from chese studies ranged from 2 to 4 hours in




botx chasc-advancing and phase-delaying direcrions
All p;.ase-shfted ccu'd;";oms tesiiited in spead ang accu-
racy decrements an a vigilance rask, compared to perfor-
mance after sleep permds normai for each individual,
Even though the 2-2-1 was found w0 substanually
distupt sleep parterns, ﬂerfmmarce decremenis were
apparent only on the nighr shift. (Performance data
will e presented in the pext report in this vechnical
repart series.) The hypothesized sleep loss and perfor-
mance decrements following the first quick-curn-
around were not supported In the present study. The
steep literature was examined for an explanation for
.5::.5 finding. Na:ro”x (1992) propesed the notlon of
“sleep quantum”, or the amount of sleep needed by an
individual for efficienty performing a day’s work. In
reviewing the partial-sleep-deprivation literature,
Naitoh cited a current proposal that between from 4.5
6 3.5 hours of continuous sleep {the sleep quantum)
should be taken, and that to prevent decrements in
vigilance performance, a minimum of 4 houss of sleep
is necessary. Examination of the sleep durations in the
present study revealed that the sleep period just prior
to the first teen-around was 5.7 hours, exceeding the
4-hour threshald. Sieep duration on the second quick-
turn-zround to the night shifi {3.7 hours), however,
fell below the 4
Because this was a laboratory-based study with

-hoyr minimum.

such a restricdve protocol, cauntion should be used in
generalizing the resules. The ARTCC field dara col-
lected recently suggesied that the 2-2-1 schedulc, as
impiemented in the field. was more stable. such thar
the work start titnes were more likely to be the same
for the two afternoon shifts and for the rwo day shifts,
respectively, as opposed to the 2 hour advances vsed
in this siudy {Cruz & Della Rocco, 19953, Thus,
employees would start bath day shifts ar 0600, rather
than changing from an 0800 start time to an 0600
start rime, as was done in this laboratory study. Analy-
ses of the field study data suggested that the phase-
shifting properties of the schedule were nutas dramatic
in employees who regularly work 2 2-2-1 schedule as
that observed in the present faboratory-based study,
and that employees may adapt by stabilizing their
sleepiwake patterns. On the other hand, considesation
ofindividual differences might reveal greater disruptions
in sleep patterns than were revealed in cither stndy.
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The nresens stucy was 27 LmDIOvemEnt una s math-
odelogical prodlems inherent in 2 number of circa-
dizn performance studies. Instructions o sudjects
were 1o mainzin stable sleepiwake patterns, meal-
times, ana activities throughout the study. Daily
J')chOKS is CO']JllT‘CIlGT‘ \'slt}‘ e.CC&: jerometer dGL
from the Vitalogs, were used te monitor compliznce
with the protocsl during the study. Noncompliance
wits cause for dismissal frem the study. Meals and
breaks were provided ar the same point in the work
day. although subjects were aot as well cortrolied
curside of the laboratary work sessions. The A-B-A
protoco) was designed to ensure thas subjects were
day-sriented for one full week prior wo introduction of
the 2-2-1 schedule. Circadian core body wemperature
shythms were measuted during the study 1o verify the
day-orientation. These data will be presented in one
of the subsequent technical reports on this study. Self.
reports of sleep data were validated in the present
study through comparisen 1o acceleromerer data pro-
vided from the Vitalog physiological monitors,

The study was conducted using non-ATC subjecrs
in & laberatory eavironment; therefore, the resulrs
may be conservarive estimates of the effeces of the 2-
2-1. However, it was encouraging rhat the sleep par-
terns were similar to field studies with ATCpersennel.
Thus, the resuits obtained from this study shonld have
applicability to serve as z basic foundarion for devel-
oping of a research program on countermeasures and
coping stratcgics.

The findings rcelated to age differcnc
mal in the present study. A possible explanation for

WOIC G-

this finding may be related to subject instrucoions o
both groups that they maintain the most siable slecp
patterns possible during the study. In addirion, the
Older group was selected to fall within the working
agesofactual ATCSs. Therefore, the Older group was
only 50-35 years old in this seudy. It is possible that
age-related sleep changes were not observable in this
particular group of subjects.

Asatesuitof the findings in the present study, three
arcas were suggested for examinarion as candidates for
countermeasures. These include the development of
direct interventions to improve alermess on the night
shift (bright light cxposurc and/cr napping), sleep
mansgement education for employees, designed o

ADA296578




coincide with the basic tenants of the 2-2-1 schedulz

design, and Anally. schedule redesigrn o minimize the

'

number of quick-turn-arounds.

Sleep management is a criticai concept for eifective
cuping scrategies with the 2-2-1 schedule. One of the
basic tenanes of the 2-2-1 (Melion & Barranowicz,
1986) is that employees can maineain g day-orienia-
tion. The results of the present study, however, call
this purported stability into question. Thus, employ-
ces should be instructed abour the imporiance of
maintaining 2 stable sleep/wake schedule, even on
days off irom work. This includes standardizing zriss
times, as well ax times for exposure to suniight in the
mornings to maintain the riming of the biclogical
clock {OTA, 19911

Under the category of sleep management, it mighs
be possible 1o improve the quaiity of sleep during the
afternoon on the quick transirion beoween thedavand
right shifts. The afrernnon sieep guality could be
enhanced by a) improving the sicep environment
{ensuring complere darkness and quier in the room},
and b) initiating the sleep period carlier, thereby
providing a greater opportunity for the individual to
fall asleep, as well as increasing the duration of the
sleep period.

The present study addressed only the acure effecrs
of working onc week of the 2-2-1 schedule. Future
research should address the effects of working a quick-
rurn-around schedule on a chronic basis, as well as
identification of individual differences in adaptation
1o the guick-turn-around schedules.
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