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Shift work is an unevoidable condition in many
industries that require 24-hour operatien, including
Ale Traffic Control (ATC). Shift schedule designs
with varipus cheracteristics have evoived among in-
dustore o yevImmOREE e ey, Sven v s
mojor characieristics in shift schedufe desens include
permanent vs, rotating schedules, slow ve, rapid rera-
rions. and delaying (clockwise} ve. advancing icoun-
terclockwise) rorarions (Kaauth, 1993). Each kind of
shift schedule system has 115 own set of benefits and
problems.

Akerstedt (1990} reported that disturbed sizep is
perhzps the most dramatic effect of shift werk an any
schedule. Sleep duiztion en the night and morning
shifts is reduced by one to four hours in shift workers
on rotating schedules. Sieep duration tor dav workers
has bren reporeed o be generally longer than for shife
workers, with day workers gerring 2bout 7.5 o 8.5
hours of sleep per night, and shift workers gerring
about 3 to 7 hours of sleep per nighe {Anch, Browman,
Mitler & Walsh. 1988).

Rapidly rotaring schedule svstems involve working
o more than twe or three consecutive days on the
same shift. Many argue that in rapidly rotating sched-
ule designs, delaving shift svsiems are to be preferred
to advarcing ones (Folkard, 1989; Knauth &
Rurenfranz, 1982; Creisler, Moore-Ede, & Coleman,
1982). A delaving system rotates in a clockwise fash-
ion such that work stars times are progressively later
across the work week. An advancing system, on the
other hand, rotates in 2 counterclockwise fashion such
thar work stast times are progressively earlicr across
the work week. Delaying systems cffectively sererch
cut the work week, while advancing schedules com-
press it.

The primary complaint against the counterclock-
wise rotation is that it results in “quick-turn-arounds”
at each shift change, which require employees to
reteen to work after a relatively short time off. These
quick-turn-arounds are thought to resultin shortened

sieep periods and increased fatigue, 2nd ro be a major

source of complaints among shift werkers (Folkerd,

5

19892,1992). Delaviag systems are purporiediy betres
because the encogenous body clock kas 2 ¢

1Fredaln
Y D T T S TN GUSSEEE IR R AN
raion to Gefays easier (Rosa er 4l 19901, Akersrede
(1290} and Barton and Folkard {1993) concede, how-
ever, that despite the many claims thar 2 delaving
system saould be preferred to an 2dvancing one, rhere
is very litrle empirical evidence of this. Turek (1986}
suggested that sleep would be disrupted similarly
{advanced once, delaved once, and nor changed once)
regardiess of whether the shift rotation invelved 2
delay or an advance. Researchers have suggested that
maintaining consistent timing of sleep and wakeful-
ness may be more inporiant than quantity of sieep
{Anch, Browmezn, Mitler & Walsh, 1988; Taub &
Berger, 1973). Therefore, it is important to examine
work schedules as they affect sleep timing.

Ajr Traffic Control Specialists {ATCSs) work rela-
tively unique variations of counterclockwise, rapidly
rotating-schedules. This circumstance provided an
opporunity to examine the interaction of schedule
characreristics and sleep patterns. The schedules in
use at ATC facilities have relatively recently been
modified, in some cases. 1o allow for 9- or even 10-
hour days as part of an alternare work schedule.
Because of the safety-relared nature of ATC, and
potential problems associated with rotating schedules
(Wilkinson, 1992}, it is important to undersrand the
effects of these schedules on slecp.

Some dara were available on cne of che unique shift
schedules in use at ATC facilities known as the “2-2-
L7 The 2-2-1 is a schedule of two afternoon shifts
followed by two morning shifts followed by 2 night
shift (Price & Holtey, 1990). A characreristic sleep
pattern has been reported for the 2-2-1 that has
generally been shown to result in reductions in sleep
duration across the work week and to resulr in less
sleep, per day, on the average than a “straight-five”

] [EYUL-E% k) |

All |
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schedule f.e., weekly 5-day rotezion el day, afterncon,
end night shifts (.,Aﬁdwar, Floffmann, & Melwon,

hroeder, Rosa, and Wi £1995) feund that
greacest before che first afternoon
, dechined to 5.75 hours before the
second day shifr, and feil vo 3.75 hours before the
night m‘?r In a laboratory study investigaidng the 2-
2-1. Della Rocco and Cruz (19935} found & similar
pazmrn of decline in tora! sleep time across the five
davs of the 2-2-1 schedule from 7.6 and 6.4 hours
prior to the two afterncon shifts to 5.8 and 6.6 hours
prior 1o the two morning shifts to 3.7 hours prior 1o
the night shift. In addivion, the dara in the lab-based
study lﬂdscﬂtﬁd that the sleep/wake rycle was dis-
rupted on the 2-2-1
schedule. The only significant sleep loss in the sched-

1 as compared to & straight day

ule occarred just prior o the night shift, but changes
of two 1o four houss in asteep and awake times were
found at several peints in the schedule. Despite fairly
continucus disruption of the sleepfwake cvcle in this
study, performance was mainly affected on the night
shift. Sleep qu-ziiw ratings also declined over the
course of the 2-2-1 week, with the lowest ratings given
for the af:crnoan sleep before the nighet shife. On the
other hand. Saldivar er al. {1977} showed that the 2-
2-1 resulted in fewer rarings of poor quality sieep.
particularty with regard to the nighr shifr, than the
straight-five rozation. Finally, in one study of job
attitudes of ATCSs (Smith, 1973), the 2-2-1 was
clearly the preferred retation schedule even among
the most senior group of controllers.

The curtent study was initated in response 1o 2
request by the Miami Air Route Traffic Cantrol
Center (ARTCC) Quality Through Parinership (QTP)
team 1o invesrigare a reported problem of sleepiness
on the nighe shife. In an cffort o understand more
about sleep patterns associated with counterclock-
wise, rapidly rotating schedules, ewo cypes of rora-
tions wera compared to 2 straight day schedule. The
first of these was a 2-2-1 (afternoons, early maornings,
nighs} schedule. which involved twe quick-turn-
arounds of 8 hours cach and 2 night shift at the end of
the week. The second schedule was 4 2-1-2 (afrer-
noons. mid-dayv, early mornings), which involved rwa
quick-turn-arounds of 12 hours each arnd did not
include a night shift. The straight day schedule in-

tJ

Snrpret w1t ermpie St [ P o
VOIVOG Al CREDY IMCIIRIRE 2018 L., biar k:::‘:ea:n oo
i

0890, These taree schedules aliowed for the comparis

apicdiy rotatingsched-

SOon ol _} wo LOUREC!’C‘QCK'«".\SE T2
L 21 rosatinns

-hourand 12-

ules and asrraighi early morning schedule
with and without a night shift, and 3}
hour QLtCE(-Eu?P-aFOLlﬁdﬁ

Because of the restiictions of the experimental
protocol in the laboratory-based study of the 2-2-1
znd a voung ATC work force, Della Rocco and Cruz
11995} speculated that the disruprions observed in the
laboratory might be exacerbared in data from the
actual ATC work force. The 2-2-1 aad 2-1-2, then,
were hvpothesized 1o result in phase shifis of asleep
and awake times corresponding o the guick-wurn-
arounds in each schedule, They were also hypoth-
esized to resulr in less sleep over the course of the wesk
than the straight day schedule. In addition, the 2-1-2
was expected 10 be less disruptive to the sieep/wake
because 1) the 2-1-2 did not
contain 2 night shift 2nd 2} the quick-rurn-arounds

cycle than the 2-2-

were four hours ionger than in the 2-2-1 schedule.
METHOD

Participants

Ninery-five volunteers from the Miami ARTCC
complered daily log books over a period of1wo weeks.
Twenty-four were selected for these analvses based
upon the following criteria: 1} a full S-day work week
of data was teported and 2) che scheduie for thar work
week corresponded to either a 2-2-1 (p=8), a 2-1-2
{n=8}, or a straight day schedule (n=8}. More parzici-
heliday that
occurred during the dara collection period thar re-
sulred in schedules not meeting one or both of the
criteria. Of the 24 selected participants, 18 (75%)
were male and six (25%) were female: 20 were Cauca-

pants were not included because of a

sian. three were Hispanic, and one was Asian/Pacific
Lslander, The a\':raét age of these participants was
32.9 years (xd-7

Twenty-three of the 24 participants were Air Traf-
fic Control Specialists, 2nd one participant was from
the Alrway Facilities work force. Ofthe 23 ATCSs, 14
{60.9%) were Full Performancs Leve! (FPLD, eight
{34.8%) were Developmentals (in training), and one
{4.3%) was an Area Supervisor. The average number

ADA294159




ST —— e g

L MR B T T

TTIR

LTS

af vezrs speat working for the FAA was 7.1 vears.
Participation in the study was voluntary, and tn-
formed consent was obtained from each participant.
Participants did Dot receive compersation for their

participation.

Scheduies

The schedules insastigared i this study included
scraight dayvs and two counterclockwise, raptdiy rota-
ing scheduies. the 2-2-1 and the 2-1-2. The 2-2-i
schedule involved working rwo aftc:noon (A} shifis,
foliowsd by rwo carly morning (E) shifis, followed by

nighr (N shifr. The 2-1-2 schedule involved work-
ing two A shifts. followea by z single mid-day (M}
shift, followed by vwo F shifis. For purposes of this
report. E shifis generally began between 8600 and
0800, M shifts began berween 0800 and 1304, A shifes
began herween 1300 and 1690, and N shifis hegan
after 2100. The 24 volunteers represented in this
seudy reported work schedules chat confermed, for
the most parr, o oae of these schedunle rypes. The
straighr day group generally worked all E shifts. Three
volanteers, however, had exceptiens within their sched-
ules: Two worked one M shift during the week and
another worked three M shifts during the week. All of

Sixteen volunresn in
&w ozlxedS heuraavs the ot ea'e'gw-v.-:r’{e&f‘

5’101:!‘ days (five days with two days off, followed by

four days with three days off). Due to che smali saminic
size, the 8- vs. 9-hour comparisons werz not <on-
ducted. Table I provides the following informazion
on each schedule: 1) shift 1ype for each day of e
week. 2) rhe approximate starz vime for each shifi
\compu:ed by averaging all start times within cuch
group and rounding to the nearest half hour}, 32 the
range of shift start times worked by the volenteers in
each group. and 4) the approximate number of bouss
off herween shifts.

Measures

Five subjective measures of sleep and sleepiness
were anafvzed: 1} Asleep Time, 2} Awzke Time, 3)
Total Sicep Time (TST), 4} Sleep Quualicy Rarings
{SQR}, and 5} Stanford Sleepiness Scale {S88) ratings
{Hoddes, Zarcone, Smyihe, Phillips. & Dement.
1973}, 58S rarings were given for the starz of the wark
day and the drive home from work. Data were col

Tabie 1
Wark Schedules

Day ¢ Day 2
Straight Day 5 _hedule
Shift Type £ k
Approximate Start Fime 07 3g 0700
Range of Stant Times 06 30-1075 Q630090
Approximate Bours O
Between Shifts 16 hrs. 1o hre.
2-2-1 Schedufe
shift Type A A
Approximate Sart Time 1430 1330

Range of Stant Tirmes 13301600 16300G-1 600
Approximate Hours O

Belween Shifts 16 hrs. 8 hrs.

2.1.2 Schedule

Shift Type A A
Approximate Statt Time ja3e 1330
Range of Stary Times 1330-1500 1250-1400
Approximate Mours OF

Between Shifs 16 hrs. 12 hirs.

Day 3 Day 4 Day 5
£ £ L
[S0a 1 4] {630 {0
TR3G- 30 UH30-0700 uh 300645
16 hrs. 1% hrs.
£ £ Y
o700 0500 2238
Gnd0-0800 O6GG-0020 22002400
16 hs. 8 s,
M E [
1330 (L)) Q700
J855-1100 0530-0750 J600-0745

12 hrs. 16 hrs.

ADA294159
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figreg in 2 c.-_z_; iogbcok medified from those devel-
coed oy the National Asronzutics and Spzce Admia-
swation (NASA) (Gander, Miyhre, Graeber, Andersen,
& Lzuber, 1989} for use in this study.

In the logbooks, volunteers were asked o distin-
7 times and be-

guish Serweea “in bed” and “aslees

%

een “awake” and “zrise” times. TST +as compured
rhve Aibre b 3 Awal
as the difference between reporred Aslesp and Awake

=4

Times. L.ong awakenings during the sieep period (30
minutes or Fmgcr) were subtracted from TST. SQRs
comprised responses to the follewing scales: 1) “Fali-
ing asieep,” from Mot Difficulz (1) 1o Difficult (51 2
“My sleep was,” from Not Deen (i} o Deep (3); 3)
“Arising was,” from Not Biffioule (1) te Difficulz (8);
and4) “I now fesl,” from Mot Nested (1) to Rested (5).
Responses were recoded so rhat nigh scores on each
question indicazed better siees quality. Responses o
ali four questions were then summed, with 2 possible
high SQX score of 20. Sleepiness was rated for th
start of the workday and the drive home from work
using the 5SS, which iastruceed pasticipants to select
from seven statements ranging from, “Feeling acrive
and viral; wide awake.” {1} 1o, “Almost in reveric;
sleep onset soon; losing struggle te remain awake,”

(7).

Procedure

The ARTCC facility managemen: provided one
hour of administrative time daily during the week of
May 24, 1993, for dara collection. Managemen: and
labor representatives jointly briefed employees that
this study had been requested by the QTP team in
response o ATCS complaints of sleepiness on the
night shifr. Two sets of dara were collecred: 1) fog-
books and 2} a shift work questionnaire. The log-
books were complered daily over a two-week period.
The questionnaire was completed on-site and dara
will be reported in a separate study. Logbooks and
participant ID cards were number-coded to ensure
anonymity, and. for this same reason, the on-sire
researchers did not approach the volunteers ar the
facility either 1o check or collect lughooke.

To tmprove the accuracy 7 the self-report daca,
volunteers were instructed to make entries in their
logbocks ar the time the evene(s) cecurred {i.e., 1o log

meals at the time of the meal and to fog sicep informa-

lems with either

the aceuracy, | gL: ilizy, or completeness of she entries
were discussed with the volunicers. Personalized fond-
back regarding thelr own data was provided 0 partici-

panis upon ILQUEsSI.

Design and Data Analysis

This study wasa two-way mixed-made] design with
one berwees. ~groups factor and sne repeated-mea-
sures factor for the following dependent varizbles:
Asleep Time, Awake Time, TST, and SQR. The
berween-groups factor was Schedule Type. The within-
subjects, repeated-measures facror was Day of the
study. In the analysis of the $S8 ratings, an zddirional
repeated-measures facror, Rating (pre- and post-work),
was included resalting in 2 three-way mixed-model
desicn. The SPSSx version 4.1 for VAX/VMS
MANOVA procedure for repeated measures was em-
ployed for the analyses in this study.

Multiple comparisons procedures (MCPs) were
conduceed utilizing the procedures for repeated mea-
sures described by Toorhaker (1991) when significant
interactions or main effects resulted from the
MANOVA Paired t-rests were used for the MCPs for
both the within-subjects comparisons across Day (and
Raringin the case of the $85 measure) und the within-
subjects celt mean comparisons. Resuits of the t-tests
for repeated-measure comparisors were comparad 1o
a Dunp’s critical value with paramerers df=}{n-1) and
C=K{K-1)/2, where [ equaled the number of becween-
subject groups, n equaled rhe number ofs.sb;ec{s per
group, and X 2qualed the number of repeated mea-
surements for compuration of ai' pairwise compari-
sons. For fewer than all pairwice comparisons, C
equaled the number of planned comparisons. Be-
tween-group MCPs involved a 1 startistic based on
paired group means. The resulting statistic was com-
pared o2 Tukey critical value with parameters, df=]{n-
1} and number of means=}. Finally. for cell mean
comparisons berwsen groups. a t statisric to test
means for Groups at Trials was compured using s
poeled variznce estimate, where MSWCERLL-
{55 SW hin HJ{n-1)+k-1374n-17). The resule-

Between |
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2.45 compuied as h; and 4) 25 planned <¢ll me
comparisons within gmw}s with seven degrees

freadom and = Dunn's ical value of 4.78.

-y

RESULES
i

< CWi ng QCPCFA'

Sleep Vime {TST),

Asteep and Awake Times, Sleep Quality Ratings

{5QR). and Stanferd Sleepiness Scale (885} ratings.

Each of the dependent measures were assessed in

. .. . -
The resulis of the analyses of the foll

dent measures aze presented: Toral

ierms of potential sleep/wake cycle disruption of the

Table 2

Means and Standard Deviations for Total Steep Time (in hours} by Day of the Week for the Straigh

Day, 2-2-1, and 2-1-2 Schedules,

Day i Day 2 Day 3 Bay £ Bay 3

Day Schedule E £ £ E £
Mean 6.2 6.3 6.2 5.8 5.6
3D 1.3 1.3 1.0 10 1.1

2-2-1 Schedule A A £ E ™
Mean 3.3 7.7 53 51 2.4
K2 1.0 i 0.7 0.8 0.8
-2 Schedule A A L% E £
Mean 8.2 7.3 7.6 6.0 59
D 1.7 1.5 ny 0.8 0.7

* The TST iicted for Day 5 represents sleep taken on Day 4 in the afternoun priur to the night shift,

ADAZ94159
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Figure 1.
Schedules.

Mean Total Sleep Time by Day of the Week for the Straight Day, 2-2.1, and 2-3.2

2-2-12nd 2-1-2 schedules. as compared to the stratghs
day schedule.

Total Sleep Time

To test the hypothesis that working the 2-2-1 and
2-1-2 schedules would result in sleep loss, as com-
pared to the straight day schedule, TST wascomputed
for the sleep periods prior to each day of the work
week. Table 2 presents the means and standard devia-
tions of TST for each group by day of the week.

Figure } presents data for the mean TST by day of
the week for each shift schedute. Data revealed 1 2
consistent average TST for the strzight dav scheduie
across the work week, 2} equal or greater TST for the
2-1-2 on each day of the work week, and 3} wo
relatively large decreases in TST for the 2-2-1 corre-
sponding to each quick-turn-around. A 3 (Schedule)
x 5 (Day) between groups, repeated measures
MANOVA was computed for TST. The results of the
MANOVA for TST are presented in Table 3.

The MANOVA far TST revealed a significant
Schedule by Day interaction, F{£.84)-11.64. p<.0]
and significant main effects for Schedule,
£(2,211=8.22, p<.05 and Day, F(4.84)- 35.64. p<.01.
Multiple comparisons of 15T revezled the foliewing:

i. Comparisons of Schedule by Day Interaction
(Between Groups)
a) The first two days of the schedule showed no
difference in TST between the 2-2-1 and the 2-
1-2 schedules, On Day 1, TST for both the 2-
2.1 (M=8.3% hours! and 2-}-2 (M-8.2 hours)
schedules fafternoon shifis forboth) was greater
than for Day 1 of the straight day schedule
{M=6.2 hours}.1=3.66,p<.05and 1=3.63, p< .05,
respectively,
TST for Dav 2 ofthe 2-2-1 (M=7
not the 2-1-2. was significantlv langer than lo:
Dav 2 of the straight day schedale (M-6.3
hours}, 1=2.53, p<.05.

b)

7 hours), bur
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Seurce of Tegrees of Surms of

Ya~iztion Freedem Sguares Mean Sguzres F

Scheduic 2 36.07 18.03 8.22¢
Between Subjects 21 46.05 2.9

Dav 4 131.28 32.82 35.647

Schedule by Day 8 85.72 10.72 71.54%7
Within Subjects 84 77.35 0.2

*p<.05

**0e (]

c} l)av 3 was the tint quick-rurn-2round for both
the 2-2-1 and 2-1-2. TST for Day 3 of the 2-1-
2 (Z‘_\_ﬁ_ 6 hours) was significantly longer than
forche 2-2-1 1 0M-5.1 hours}, 1=4.78. p<.05 and
the steaight dav {=56.2 hours), £1=2.58, p<.05.
There was no difference in TST for Dav 3
between the 2-2-1 and the strarghe dav sched-
ules.

d} The fourth day for all of the schedules was an
early morning shift and was the second quick-

1-2. There was, however,

no difference in TST o any of the comparisons

turn-atound for the 2

among schedules.

¢j Finally, '[‘S'l' on Day 5. was significantiy lower
tor the 2-2-1 schedule (M=2.4 hours) than for
the sc.ratgb: day (M~5.6 hours), 7=6.01, p<.05,
or the 2-1-2 schedule {M=5.9 hours), 1=G.46.
p<.05. There was no difference in TST for Day
5 berween the 2-1-2 and straight day schedules.

2. Comparisons of Schedule Effect (Between
Groups)

Although mean TST over the course of the work
week was lowest for the 2-2-1 schedwele (M= 5.7 hours),
it was net significantly fower than the mean TST for
the straight day schedule (M=6.0 hours). The 2-1-
schedule obtained the greatest mean TST over the
work week (M=7.0 hours), and this was significantly
higher than both the 2-2-1, 1{21}=3.93, p<.03, and
the straight day schedule, ({21)=2.90, p<.05.

i

3, Cemparisons of Day Effect (Within Subjects)
a} Within the straighi dav schedeie. no significant
differences were revezled from onc day to the
Ny,

bl Within the 2.2-1 schedule, TSTs for Day !
(M=8.3 hours}, Day 2 {M=7.7 hours}, Day 3
{M3=5.1 hours), and Day 4 (M=5.1 hours) were
significantly higher than for Day 5 (M=2.4
hom‘ Lopi7i=21.08, pa 03 1{71=9.98, p<. U3,

712600, p<.09; and 1(7)=9.37, p<.05, respec-

tively, In addition, TST within the 2-2-1 forche
rwo afternoons, Days 1 and 2, was significantly
higher than for the two carly motaings, Day 3.
1{7)=5.86, p<.05and, 1{7)=4.44, p<.05, respec-
tvelv, and Day 4, t{7)=5.44, p<.05 and
1{7i=4.13, p<.03, respecrively.

¢} Finally, within the 2-1-2 schedule, TST tor Day
3 was significandy higher than for Dav 4,
t{7)=6.38, p<.05, or Day 5, ({7)-7.67, p<.05.

Asleep and Awake Times

To rtest the hypothesis that the 2-2-1 and 2-1.2
schedules would result in phase shifts in the sleepfwake
cvcle, the average Asleep and Awake Times were com-
puted, and the changes over the schedule were examined.
Again, only the sleep periods prior to each workday were
included in the analyses. Tables 4 and § present che
means and standard deviations for Asleep and Awake
Times, respectively, for each group by day of the week.

~=d
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Day 1 Say 2 Say 3 ey & Day 3
Dav Schecule i £ £ £ £
Mg an 2330 2245 2230 2243 23608
si 1.4 .8 {i.6 iLh 3.5
2-2-7 Sehedele A A £ ~
Mean 2415 2453 2422 23448 521
0 R 0.7 1 g 1.2
2.1.2 Schedute ) A £ F
Mean 2415 2435 2405 2340 2340
50 1.3 10 o3 .8 oz
Table 5
Means aind Standard Deviations for Awake Times by Day of the Week for the Siraight Day, 2.2.1,
and 2-1-2 Schedules.
Dav 1 Day 2 Day 3 Day 4 Day 5
Day Schedule £ 3 E L
Mean U334 0S8 G (1504 (434 0447
5D 1.0 T3 1.9 o7 0.4
2-2+1 Scheduis A E £ N
hiean UB30 0817 034G (457 1443
S0 1.6 1.3 1.6 G.5 1.1
2-1-2 Schedule A A £ £
Mean 0828 Gr54 744 (1540 0524
sD 1.6 1.4 0.7 0.5 065

A 3 (Schedule} x 5 (Day) berween groups. repeated
measures MANOVA was computed tor Asteep Time.
Results of the MANOV A revealed 2 significant Sched-
ule by Day interaction. £{8,84,-435.9], p<.0l and
significant main effects for Schedule. £{2,21}=14.5,
p<.01 and Day, F(4,84)=53.95, p<.01. Plannad mul-
tiple comparisons (to assess potential phase shifts in
Asleep Time by comparing each day to the next within
cach schedule} revealed che following:

1) Wichin the straight day schedule, no significant

differencesin Asleep Time were found from onc
day to the next,

2y Within the 2-2-1 schedule, only the quick-turm
around from the eariy morning o the night
shift revealed a significant difference of 7.45
hours berween the Asleep Times for Day 4
(M=2348) and Day 5 (M=1621}, 1(7}=12.13.
p<.0%

3} Within the 2-1-2 schedule, no significant dif-
ferences in Asleep Time from one day to the
next were found.

A3 {Schedulel x 5 {Day] between groups, repeated

measures MANOVA was compured for Awake Time.

Results of the MANOVA revealed a significane Sched-
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lanned mul-
pfmm"\s T aANIeSs po'emsa? ;J‘ra se shifts in

e br comparing each dav to the next
w ;t‘ i eack sehedule reveared the following:

i Wichin the straight day sehedule, no significant
a:‘xifc';e-z-"t-s in Awcke Tima were found from
ane day to the next.

-2-V <chedule, advances in Awahe

-

2y Within the 2
Timwe corrospanded o hoth quick-rirn-arounds.
b
Awake Time on Dav 3 1A=G540) was approxi-
: vy

m?\}‘.’ 2.5 hﬂurs carier than on Day 2
IM=081 =5.23. p-.
on Day ‘3 {M:l&;fr} was appruximaxe}}' 100,25
hours carlier than on Day 4 {M-=0437),
§€7r=33.02, p<05,

Wirthin the 2-1-2 schedule, Awake Time on
]_)a}' 2 {M=0T54) was appwximareiy S-hour
carlier than on Day | (M=0828], 1{7)=3.60,
p<.05. and Awake Time on Day 4 (M=0540}
was approximatefy two heurs easlier than on
Day 3 (M-0744), (/7= 10,37, p<.05. The tran-
sition from Dav 1 to Dav 2 was aor 2 guick
turn-arouad, but ithe cranstsion from Day 3 o

Day 4 was the quick-turn-around from the

-.

<. and Awake {ime

[¥9)
<

mid-day o the early morning shits.

Y

Table 6

eeiioy ‘-st.f,,; GL.(
o1 g.‘ou?, 4i¢ noT rate
5

A miran suhstionon.

based on the ratings fvr this :g ay hj,‘ the other sin volin-

)
]

teers in cthe 2-2-1 group, was vsed for these twe missing
ratings. 1abie & presenﬁ the means and standard devia-
tions onQRs ‘or vach group by day of the week. Figure
2 presents 2 line graph of the SQR averages.

Figure 2 presenis data for combined SQRs by day
ofcthe week for all schedules. A 3 (Schedule! £ 5 (Day?
between groups, repeated measurcs MANOVA was
computed for SQRs. The results of the MANOVA are
presented in Table 7.

‘The MANOVA for SORs revealed a significant
mein effect for Day, Fi4.84)+2.83, p<.05. Planned

suultiple comparisans within-subjects revealed no sig-

. .
niflcant differences betwern Davs. Anaf}’ses of each of

the SQR questions were conducred. The MANOV A
for cach of the questions in the combined SQR re.
sulted in Day main effects for ratings of how difficuls
it was to arisy, E{4,8 i1=5.29,p_<.(}‘}, and how rested
the person felt, F{4,84)=3.17.p<.05. Neither of these
ratings resuited in significant differences for compari-
sons berween days, although the ratings tended 1o
decline wowards the end of the week.

Means and Standard Deviations for Combincd Sleep Quality Ratings by Day of the Week for the

Straight Day, 2-2-1, and 2-1-2 Schedules.

Dav 3 Dav 2
Day Schedu'e t £
Mean 13.4 13.2
5D 3.2 K
-2-1 Schedule A A
Mean 5.4 140
S 3.2 1.5
2.1-2 5cheduie A A
Mean T4.4 5.2
812 4.6} 2.4

Day 3 Day 4 Day s
£ E E
123 12.4 13.5
2.8 2.4 3.4
E £ N
14.8 4.6 121
3.2 3.7 20

_._ -~
o, =
te

i
-
-,
b i
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Sloep Quality Ratings

Day of the Weelt
Figure 2. Combined Sieep Quality Ratings by day of the week for the straight day, 2-2-1, and 2-%-
2 schedutes.
Table 7
MANOVYA Summary Table for Combined Sieep Quality Ratings
Degrees of Sums of

Seurce of Variation Freedom Squares Mean Squares F
Schedule 2 37.07 18.53 0.82

Between Subjects 21 1765 22.69
Day of Schedule 4 57.13 14.28 2.83
Schedule by Day 8 55.27 6.91 1.37

Within Subjecis 84 424.0 5.05
*p<.05
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Means and Stancarg Deviations for Stanford Sleepiness Scale Ratings at (he Beginning of the
Warkday by Day of the Weelk for the Straight Day, 2-2-1, and 2-1-2 Schedules.
Day 1 Bay 2 Day 2 Day 4 oy 5
Dy Scheduile £ £ £ £ £
Mean 2.4 28 2¢ 2.5 3
8] 14 17 1.7 1.4 1.0
2.2-% scheduic A A F |3
Mean 2.0 2.1 Tz !
SO 4 1 i 1.5
2-1-2 Schedule A A ] f £
Mean 1.5 18 © 8 by g
50 .8 Pad K% U A A
Yable 8

Means and Standard Deviations for Stanford Sleepiness Scafe Ratings of the Drive Home from
Work by Day of the Week for the Straight Day, 2.2.1, and 2.1-2 Schedules.

Oay | Savy 2 Cay 3 Davy 3 Day 5
Dray Soneddule £ E £ 4 i
Aean 12 3.5 36 2 PR
s T L 1< 1.5 P.2
1-2.1 Schedule A 4 E 3 ‘\
Mean 3.7 2.9 RS ko 1B
S0 i.5 t2 1.6 1.3 13
A-1-2 Schedue A 4 A £ r
dMean 3.3 28 2.8 3.0 34
S il 9 AN (A S

Stanford Sleepiness Scale

Subjective rarings of sleepiness were recorded for
the beginning of the work dey and the drive home
from work. Higher radngs indicared greares sleepi-
ness. Tables § and 9 presenr rhe
deviations of the 588§ rutings for the beginning of the
workday and for the drive home, respecrively, for cach

group by dav of the werk.

Figure 3 reveus chat sfeepiness is consistently rated
higher for the drive home from work than for the
beginning of the workday fot 2z¢h group. In addition.

means and siandard

b

the strasght day group appears to be sleepler tor the
first three dayr of

the week, both at the beginaing of
the workday and on the drive home. than the other
two groups A 3 GSchcdul’c} x5 {Day) x 2 [Raung’
berwern groups, repeated mrasares MANOVA was
compuied for S8 rarings. h:" re:.ui'ri of the MANCOVA
for SS8 ratings are presenced in Tuble 10,

e MANOVA fur 58S 1atings revealed significant
mazin effecrs for 1dav. Fod,84: _6 43, o<1 and Raz-

S
ing, E{1.21}=22.08, p<.01. The MANOVA revealed
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Figuge 3.

Stanford Sleepiness Scale Ratings for both the start of the workday (3} and the drive

home (D) by day of the week for the straight day, 2-2-1, and 2-1-2 schedules.

Tabie 10

MANOVA Summary Table for Stanford Sieepiness Scale Ratings

Degrees of Sums of
Source of Variation Freedom Squares Mean Squares F
Schedule 2 14.53 7.27 1.12
Between Subijects 21 136.45 6.50
Day 4 21.69 5.42 6.637¢
Schedule by Day 8 9.63 1.20 1.47
Within Subijects 84 68.68 .82
Rating [ 50.42 50.42 22.08*~
Schedule by Rating 2 0.23 D12 0.05
Within Subjects 2 47.95 2.28
Day by Rating 4 5.13 1.28 1.75
Scheduie by Day by Rating 8 5.60 0.70 0.95
Within Subjects 84 61.68 0.73

sep<.DY

no significant differences in S5 ratings due to Sched-
ule. The simple main effect for Rating indicated that the
start of the workday (M=2.4) was rated lower on average
than rthe drive home (M=3.3). Mulriple comparisons

examining the nuain effect for Day indicated that Day 3
(M=3.4) was rated higher than Day 1 (M=2.6}.
1{21)=3.89, p<.05;, Dav 2 (M=2.7}.t{21}=3 98.p<.05;

and Day 3 (M=27), 1{213=3.78, p<.05.

12
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The purpose of this study was 1o investigate three
different shift schedules in use at ATC facilities with
respect 7o potenrial disruption of the sleep/wake cycle.
A straight day schedule and two variations of counrer-
clockwise, repidly rotating shift schedules, the 2-2-1
and the 2-1-2, were analyzed in terms of subjecrively
reported cotal sleep time (TST), Asteep and Awake
Times, and ratings of sleep qualiry and sleepiness.

it was hypothesized that both the 2-2-1 and 2-1-2
schedules would result in fess TST over the course of
the work week than the straight day schedule. Results
of the analysis of TST, however, indicated thar the 2-
1-2 schedule resulted in greater TST over the course
of the work week than either of the other twe sched-
ules. The 2-2-1 resulted in an average TST over the
course of the week that was noz significanty different
from che straight day schedule. Thus, rapidly rorating
schedules in this study resulted in as much, or more,
TST for the week than the suraight day schedule.

The straight day group obrained about 6 houis of
sleep per night throughout the week (ranging from
5.6 to 6.3 hours). Saldivar et al. (1977) also seported
that employees on the day week of the straighe-5
schedule obrained 6 hours of sleep per nighz. These
sleep durarions are much lower than the 7.5 10 8.5
hours of sleep per night that Anch ev al. (1988}
reported for day workers.

The amount of sleep obrained by the 2-2-1 group
showed a characteristic decline fror approximately &
hours before the two afternocon shifts to 5 hours before
the twe early morning shifts o 2.4 hours before the nighr
shift. Studies by Saldivar et al. (1977), Schroeder ¢t al.
11993), and Della Rocco and Crez {1995) have all
reported similar patterns for the sleep obrained on the 2-
2-1 schedule, with declines in sleep duration associated
with each quick-turn-around and with most people
choosingto sleep in the afternoon prior to the nighrshift.
In this study, however, the 2.4 hours of sleep before the
night shift is notably lower than the 3.5 w0 2.75 hours
reported in previous studies.

The amount of sleep obtained per night by the 2. 1.2
group generally declined across the work week from
appraximately 7.5 o 8 hours before the first three days
of the schedule {two afternoons and a mid-day} to 6

13

had moz bee:z investigetea in previous research, Sur Lie
A -

paseers exhibited in this stady indiczzed ther only the
sccond ouick-turn-atourd, irom the mid-day to the
early morning shift, resulted in a decline in sleep dure-
tion. Within all three schedules, the average amount of
sleep obtained before an carly morning shift was only
sbout 6 hours, whether the ezsly mornings were partof
a straight schedule or a rapidiy rotating one. Thus, the
least ameount of sleep was obtained before early morning
shifts and before the night shife

Diszuptions in the timing m"' sleep may be as impor-
tant to performance as sleep duration. It was hypoth-
csized that disruptions in both Asleep and Awake Times
would correspond to the quick-uirn-arounds within the
2-1-2 and 2-2-1 schedules, bur thar the discuption would
be greater for the 2-2-1 (8-hour quick-turn-arounds)
because of shorter turn-around time than for the 2-1-2
(12-hour quick-turn-arounds). This hypothesis wasonly
partiaily supported. Asleep times were relatively stabie
for both schedules, and Awake Times were significandy
shifted only once by 2.5 hours in the 2-2-1 (nor includ-
ing the shortened sleep obtained prior tc the night shift)
and by 2 hours in the 2-1
Awake Time cotresponded with a quick-turn-around to
an early motning shifk.

Subjective measures of sleep quality indicated no
difference in ratings due to schedule type. The ratings
appeared to decline roward the end of the week,

-2 . Both of these alterations in

indicating a pactern of poorer sleep. This finding was
similar to previous studies {Della Rocco & Crugz,
1995%; Saldivar er al., 1977}

Subjective measures of dleepiness indicated no dif-
fersnce in ratings due to schedule type. Volunteers on
ail schedules rares themiselves as more sieepy art the
erd ot the day than at the beginning of the day and
moze sieepy on the last do;r of the work week than the

first .nree days of rhe work week. Examination of

individual voluntees s ratings, however, revealed that
seore ravngs of exireme sleepiness were given by
volunieers on the 2-i-1 schedule for the drive home
after the night shift than on any other day orany ether
scheduie. Of the eighr volunteers in the 2-2-1 group,
three rated the drive home after the night shift at (G}
“Sleepy: woozy; pinfe. to be lying down; fighting
sleep,” and three others ar (5) “Foggy; slowed down;
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cerest in remaining awake. No

more than ™wo people en any day of any other s¢

beginning to lose in

b=
[

1]
n -
vie rated their sleepiness on the drive home 2t 5
1

o
fowest number of

greatzr. The 2-1-2 schecule had the
ratings of § or higher on the drive home, saggestirg
hat fewer peopic experienced extreme sleepiness on
this schedule. While statistical analysis of these dara
dld not Tc\'ca[ Sigﬂliiﬂ:ai\_t di{l&’ren [t 43 beﬁ\veeﬁ g%‘()ups,
the ratings of extreme sleepiness for the drive home
afrer the night shift on the 2-2-1, along with com-
ments in the Joghooks referring to falling asleep while
driving and falling asleep on breaks during rhe night
shift. suggese thar sleepiness 15 a problem in the 2-2-
1 schedule.

The data from this study suggese that at least one of
the counterclorkwise, rapidly roraring schedules, the
2-1-2, may improve in sume ways on a straight day
schedule of early morning start times. Specifically. it
resulted in no less sleep than rhe straight day schedule,
only one phase shift in Awake Time, no peorer sleep
quality than the srraight day schedule, and fewer
ratings of extreme sleepiness on the drive home than
the straight day schedule. This schedule provided 12
hours off between shifts and did not include a nighe
shift. It also compressed the work week, providing
approximately 8 additional bours off berween work
wecks as compared to a straight day schedule. The
benefits of this schedule meay indicate that counter-
clockwise, rapid rotations, per s¢, should net be dis-
missed as less desirable than clockwise rotations. In
fact, Wilkinson (19923, in his critical review of tap-
idly rotating schedules, aflowed that rapid rotations
could be used to cover the morning znd aficrnoon
shifts. Indeed, the re-

that the problems associated with counterclockwise,

*is of this study may indicate

rapid rotations have more to do with working the
night shift and casly morning work start rimes chan
with quick-turn-arounds.

The 2-2-1 schedule resulted in1: 1} no less sleep over
the course of the work week than the straight day
schedule, 2} only one phase shift in Awake Time, and
3) no poorer sleep quality than the straight day sched-
ule. Both quick-turn-arounds in this schedule in-
volved only 8 hours off berween shifts, bur only the
sleep before the night shift and the number of ratings
of exireme sleepiness on the drive home from the

t:igi‘u‘.i
Thelackof disrupiion during wne firsi
schiedule

Bartanowicz (1986 thay the 2-

supporss arguments made 5y Mellon 2nd
2-1 zllows for working
four of the five shifts within normal waking hours
and, therefors, should resulc in minimal disruption of
the sleep/wake cyele allowing people to remain day-
adapted. These researchers further argued that thr
longer period of time off briween work wecks would
provide ample time for employees to tecover from any
sleep debt creaced hy the quick-turn-arounds.

The findings in this study add empirical data tathe
largely theorerical body of literature regarding coun-
rerclockwise, rapidly rotating shift schedules. the
implications of these tindings should be tempered by
z aumber of facrors. Firse, the 2arly morning stare
times for the siraight day schedule sesulied in 2 con-
trol group with 2 lower amount of sleep than expecied
for a suraight day schodule. Folkard's {1989} sugges-
tion that early stare times for the morning shift could
result in similar sleep debe 1o chat seen for the night
shift was supported here. Second, chis study excluded
people who traded shifts, taok annual leave or sick
teave. or otherwise altered their schedule in such a way
thar it did nor conform o z full 2-2-1, 2-1-2, or
straight day work week. In doing so, thls study may
have focused on participants with particularly sizble
sleep pateerns and potentially exciuded individuals
who do not cope well with either rotating sehedules or
early morning shifts. Third, the sample size in ¢his
study was small. Further empirical study of counter-
clockwise, rapidly rotating shifr schedules should be
done before generalizing these findings to other popu-
lations or advocating their use.

This reporr represents the first of several to repors
dara collected in this field study. Other data will be
reported in a separate srudy, including datz from a
shift work questionnazire that focuscd on health, work
schedules, sleep patteras, life stvle, and caring habirs.
Future rescarch is needed to address the effects of
counterclockwise, rapidly ratating schedules, alang
with carly morning start times in both retating and
non-rotating schedules and effecrive counter-mea-
sures to help people cope with sleepiness and fatigue
on ti’)f ni:rbt shifr and on the drive home from the
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