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Abstract 

A 10 h 4 d rotating shift schedule worked by some Air Traffic Control Specialists (ATCSs) was compared to the more 
traditional 8 h 2-2-1 rapidly rotating schedule. Measures of performance and alertness were obtained from a group of 52 
ATCSs at an en route ATC center on tasks in the NIOSH fatigue test battery. Additional information on sleep patterns, 
mood, and somatic complaints was also gathered. Results confirm that tests comprising the NIOSH battery are sensitive 
to fatigue and diurnal variations associated with a rotating shift schedule. Test performance of ATCSs on the 10 h shift 
did not differ from those on the 8 h schedule for any of the parameters, when comparing the initial 4 d of the work week. 
Test performance was notably poorer on the night shift that occurred on the final (fifth) day of the 2-2-1 8 h schedule. For 
both schedules, there was evidence of changes in alertness on some of the NIOSH performance measures within work 
days and across days of the week. Changes in test performance and mood ratings corresponded to the decline in 
self-reported sleep time across the work week. 

Relevance to industry 

The increased emphasis on compressed work weeks within industry and other settings has raised a number of issues 
concerning how longer work days impact sleep, fatigue, mood, and performance. There have been relatively few attempts 
to systematically utilize field studies to gather relevant data so that managers have a scientific basis for decision-making. 
This study is one example of an approach to developing a more effective data base for decision-making regarding both 
a rapidly rotating shift schedule and a compressed work schedule. ~! 1998 Elsevier Science B.V. 
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1. Introduction 

* Corresponding author. 

Dur ing  the past  10yr ,  m a n a g e m e n t  has been 
faced with increased employee  de ma nds  for more  
flexible work  schedules,  including interest  in 
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"compressed" work schedules. A "compressed" 
work schedule refers to any work week where em- 
ployees are allowed to complete their work in four 
or fewer days. Numerous questions have been 
raised concerning the possible effects of compressed 
schedules on productivity, job efficiency and fa- 
tigue, and associated concerns with safety and 
health. Duchon and Smith (1993) provide a com- 
prehensive overview of many of the performance 
issues associated with extended workdays. 

1.1. lmpact of compressed work schedules 

Empirical research on the impact of compressed 
work schedules has focused more closely on em- 
ployees' subjective reports concerning fatigue, 
alertness, mood, job satisfaction and conflicts with 
family activities, and leisure time. Outcomes have 
indicated: (a) increases in organizational effective- 
ness (Hartman and Weaver, 1977: Wheeler, 1970) 
as well as no increases (Calvasina and Boxx, 1975); 
(b) increased satisfaction brought about by more 
leisure time (Hodge and Tellier, 1975; Steele and 
Poor, 1970) but greater fatigue, conflict with even- 
ing activities, and conflict between the work sched- 
ule and family and child-related activities (Hodge 
and Tellier, 1975; Kenny, 1974); (c) a full range of 
positive, negative, and neutral affective responses 
(cf. Dunham et al., 1987); and (d) both greater 
fatigue (e.g., Goodale and Aagaard, 1975; Hodge 
and Tellier, 1975) and no differences in fatigue 
(Latack and Foster, 1985). 

Changes in performance and alertness associated 
with compressed work schedules have, until re- 
cently, received less attention. Of the performance- 
based studies, nearly all involve comparisons of 8 h 
and 12 h shift schedules. In an early exception, 
Voile et al. (1979), reported that factory employees 
on the 10 h vs. 8 h schedule did not differ signifi- 
cantly on reaction time but did display decreased 
grip strength and higher critical flicker fusion 
(CFF) thresholds. However, the authors concluded 
that the increase in fatigue remained within accept- 
able limits and that there was no evidence that 
these changes affected overall productivity in the 
manufacturing plant. Peacock et al. (1983) on the 
other hand, found in a study of police officers, 
improved subjective alertness, sleep, and cardio- 

vascular fitness (12 h vs. 8 h). No significant differ- 
ences were noted on CFF thresholds or grammati- 
cal reasoning tests. Mills et al. (1983), noted that 
employees on a 12 h shift schedule evidenced signif- 
icant increases in subjective fatigue and grammati- 
cal reasoning errors from start to completion of the 
work day. However, a majority of the increase in 
errors occurred between the 1st and 6th hours of 
the 12 h work day. Nurses performed more rapidly 
on the grammatical reasoning test across the work 
day and expressed high levels of satisfaction with 
the 12 h schedule. Daniel and Potasova (1989) also 
reported some differences between 12 h and 8 h 
personnel on several cognitive and psychomotor 
tasks; however, these findings may have been in- 
fluenced by differences in initial performance capa- 
bilities between the 2 groups. Lewis and Swaim 
(1988), using a number of measures of employee 
performance and fatigue, compared the effects of 
8 h and 12 h shift schedules at an experimental 
nuclear reactor. While the results were mixed, with 
some indications of greater fatigue on the 12 h 
schedule, direct on-the-job performance measures 
favored the 12 h schedule. A vast majority of the 
employees favored the 12 h schedule and the 
authors concluded that the 12 h shift schedule was 
a "reasonable alternative to an 8 h schedule (Lewis 
and Swaim, p. 513)." 

1.2. NlOSH jatigue test batte O, 

The computerized National Institute of Occupa- 
tional Safety and Health (NIOSH) Fatigue Test 
Battery was developed to quantify changes in sev- 
eral indices of cognitive, sensory, and perceptual- 
motor performance and self-reported subjective 
feelings associated with shift work. As part of that 
development, Rosa et al. (1985) assessed differences 
in the test performance of subjects working 6 8 h 
days or 4 12 h days. They found that individuals on 
the 12 h 4 d work week reported greater fatigue 
on several of the self-report measures than when on 
a 8 h 6 d work week. Greater evidence of fatigue 
was also found on the grammatical reasoning and 
digit addition cognitive performance measures 
from the test battery. In a subsequent laboratory 
investigation to assess the effects of fatigue and 
diurnal variations on performance on the test 
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battery, Rosa and Colligan (1988) compared the 
effects of working 5 12 h days in the laboratory, 
using a data entry job simulation task with rest 
periods. They found that changes in performance 
on the data entry task associated with the work day 
and work week corresponded closely with subjec- 
tive ratings and performance on a number of the 
tasks comprising the test battery. Rosa and Colli- 
gan (1988) concluded that the NIOSH Fatigue Test 
Battery is sensitive to long hours of work and to 
the influence of circadian rhythms on performance. 
In field studies, Rosa et al. (1989) and Rosa and 
Bonnet (1993) found evidence of significant differ- 
ences in self-reported sleep time and fatigue, as well 
as performance on some aspects of the test battery, 
when comparing employees who were working 8 h 
and 12 h shift schedules at gas utilities and continu- 
ous processing plants. Thus, the findings of Rosa 
and his colleagues confirm that employees working 
a 12h compressed work schedule experience 
greater fatigue and exhibit lower performance ca- 
pabilities on some test measures as compared to 
those on more traditional 8 h schedules. In a 3 to 
5 year follow-up, Rosa (1991) found that the sleep 
loss and performance declines were still present in 
employees on the 12 h shift schedule. However, 
employees continued to express generally high 
levels of satisfaction concerning the 12 h shifts and 
there was no operational evidence that safety was 
compromised by the associated fatigue. The lack of 
any demonstrable change in the operational perfor- 
mance measures may be due to the fact that the 
performance measures are not sufficiently rigorous 
to detect the effects of fatigue or that the perfor- 
mance requirements in the operational environ- 
ment do not require as quick performance as is 
measured in the various NIOSH fatigue tests. 

1.3. FAA work schedules 

The FAA has approved the use of compressed 
and flexible rotating work schedules for its em- 
ployees, including air traffic control specialists 
(ATCSs). This action included temporary approval 
for the use of 10 h work days. While FAA manage- 
ment closely reviewed various ATCS performance 
parameters to identify possible negative effects 
from the 10 h schedule, they also decided that a sci- 

entific study should be undertaken to assess the 
potential effects of working the 4 d 10 h shift sched- 
ule on employee performance capabilities. Since 
there is little information available in the literature 
concerning the 10 h work day, and the ATC work 
environment is sufficiently unique from the work 
environments included in the above-mentioned 
studies, this study was initiated to compare the 
effects of the existing 2-2-1 8 h rotating shift sched- 
ule with that of the 4 d 10 h rotating schedule on 
measures of employee cognitive performance and 
self-reported sleep and mood, 

2. Method 

2.1. Measurements 

2.1.1. NIOSH fatigue test batten 
This flexible, computerized test battery was 

developed by Rosa et al. (1985) and Rosa and 
Colligan (1988) specifically for applications in field 
experimentation with employees working on differ- 
ent shift schedules. Users can select from a group of 
tests that assess cognitive, perceptual-motor, and 
motor skills. Additional tests and self-report 
measures of alertness, fatigue, and the quality and 
duration of sleep can be incorporated into the bat- 
tery, with limited programming requirements. Flex- 
ibility is also provided by the ability to tailor the 
test length to the research requirements and avail- 
able time. The investigator is thus able to construct 
a test battery that is highly responsive to the job 
demands and requirements of the work setting. The 
choice reaction time, mental arithmetic, and gram- 
matical reasoning tests were selected for inclusion 
in this study both on the basis of their demon- 
strated sensitivity to alterations in alertness and 
association with the job tasks of an ATCS. The 
relevance of these tasks to the ATC occupation is 
further supported by recent findings of Broach and 
Aul (1993), who used interviews of ATCSs and 
subsequent ratings on the Position Analysis Ques- 
tionnaire to identify attributes of abilities or apti- 
tudes required of ATCSs. Of greater relevance were 
perceptual speed, closure, reaction time, and short- 
term memory. Numerical computation, arithmetic 
reasoning, and convergent and divergent thinking 
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were also somewhat more relevant for the ATC 
profession than for other jobs. 

The choice reaction time task consisted of ran- 
dom presentation of the words TRUE or FALSE 
on a VDT for a total of 150 trials over approxim- 
ately 10 m. The intertrial interval was random, with 
a range of 2 5 s. Subjects were required to press 
a push-button switch labeled "TRUE" or "FALSE" 
on a specially developed response box as quickly as 
possible to indicate the correct word. The ATCSs 
forefinger and middle finger of his/her preferred hand 
rested on the buttons during the trial. For this study, 
scores for the CRT task included the mean reaction 
time and number of errors (i.e. incorrect responses). 

The mental arithmetic test is an adaptation of the 
test developed by Williams and Lubin (1966}. At 
the beginning of the task, a randomly selected con- 
stant between the values of 3 through 9 was pre- 
sented for 3 s and then removed for the remainder 
of the task. ATCSs were required to add the con- 
stant to the sum of 2 single digits and then type the 
last digit of the overall sum on the keyboard. The 
digits varied across trials and were generated im- 
mediately after an ATCS's response. Scores for the 
task included the number correct and number of 
errors during the 3 m time period. 

The grammatical reasoning task is a variation of 
the well-known task first devised by Baddeley 
(1968). In this 16-trial task, a 3-letter stimulus string 
(e.g., JLN) was presented for 2 s, removed, and then 
followed after 3 s with a conditional statement such 
as "J DOES NOT PRECEDE N". The ATCS was 
required to press a push-button switch labeled 
"TRUE" or "FALSE" as quickly as possible to 
indicate whether the statement described the letter 
string. Scores for the GR task included average 
response latency for correct responses and total 
number of errors. 

At the beginning of each testing session, subjects 
responded to 10 choice reaction time trials and 60 s 
of digit addition. These mini-sessions served the 
dual purpose of providing a "warm-up" and resolv- 
ing any potential software or hardware problems 
before commencing the full battery. 

2.1.2. Daily sleep, somatic complaints, and mood 
The test battery was programmed to include 

items about amount of sleep, ratings of quality of 

sleep, mood, and somatic complaints. Subjects were 
asked to indicate their time of retiring, arising, sleep 
latency, and number of awakenings. A series of 
5 questions, utilizing 5-point Likert rating scales, 
were included to evaluate the depth and quality 
of sleep. Workers also responded to the 29 item 
(19 positive and 10 negative) Naval Psychiatric 
Research Unit (NPRU) mood scale (Johnson and 
Naitoh, 1974). ATCSs also provided ratings of 
workload, using the Task Load Index (TLX) scale 
developed by National Aeronautics and Space Ad- 
ministration (NASA). Results of the workload data 
are not included in these analyses. Respondents 
were asked to indicate the presence or absence of 
each of 19 potential somatic complaints (e.g. head- 
ache, back pain, etc.). 

2.2. Subjects 

A total of 56 ATCSs from an en route air traffic 
control center initially volunteered to participate in 
the study. Subjects were predominately male (86%), 
ranging in age from 28 to 50 (mean age -- 37.9). 
Their experience as ATCSs ranged from 4 to 22 yr. 
Since the opportunity to work the 10 h schedule at 
this facility was based on seniority, ATCSs on the 
10 h schedule were approximately 4 yr older than 
those on the 8 h schedule. Prior to the initiation of 
the study, each ATCS was provided a description of 
the proposed study and asked to sign a consent 
form concerning the research project. A numerical 
code was assigned to each subject for the test ses- 
sions to ensure anonymity. Of the group of 56, 26 
ATCSs working the 8 h 2-2-1 schedule and 26 on 
the 10 h 4 d schedule completed a sufficient number 
of sessions (10 or more) to be included in the study. 

2.3. Rotating work schedules 

The 8 h and 10 h rotating work schedules are 
illustrated in Fig. 1. Under the 8 h rapidly rotating, 
phase advancing schedule, ATCSs worked 2 con- 
secutive afternoons, 2 mornings, and then returned 
on a quick turnaround (less than 10 h) to work 
a night shift. This schedule has been in use in ATC 
facilities for many years, and a considerable body of 
research in the 1970s was dedicated to evaluating 
the 2-2-1 8 h schedule vs a straight 5 d 8 h rotating 
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schedule (Melton et al., 1971, 1973, 1975; Saldivar 
et al., 1977). On the 2-2-1 schedule, there are 
2 nights when the time between the end of one shift 
and the beginning of another is sufficiently short to 
reduce the amount of available sleep time. The 
average number of hours between the end of the 
work day on day 1 and the start of the work day on 
day 2, and between day 3 and 4 was approximately 
15; the average was approximately 9.3 h between 
day 2 and 3, and 8.1 h between day 4 and 5. ATCSs 
on the 10 h schedule also had variable starting 
times across the 4 d; working 2 afternoons followed 
by 2 mornings. On the 10 h schedule, the average 
number of hours between the end of a workday and 
the start of the next was: 12.2 between day 1 and 2, 
11.1 between day 2 and 3; and 11.2 between day 
3 and 4. 

2.4. Test schedule 

The NIOSH Fatigue Test Battery was adminis- 
tered on 3 occasions during the course of each work 
day over a three week time period. The initial 
session was conducted at the time the ATCS ar- 

rived at the facility. Session 2 was completed 2 h 
prior to the end of the work day (at the end of 6 h 
for the 8 h participants and 8 h for the 10 h partici- 
pants). The third and final session was administered 
at the close of the work day. To the extent possible, 
the test sessions for each ATCS were administered 
at the same time across each of the 3 weeks. Some 
disruption in the test schedule occurred for one of 
the groups of 2-2-1 8 h and 10 h subjects as a result 
of a snow storm, which restricted travel to and from 
the ATC en route facility for several days. 

2.5. Procedure 

Seven microcomputers for administering the 
NIOSH fatigue test battery were located in a separ- 
ate room within the en route center. The computers 
contained all of the instructions for completing 
each test session, along with the performance tests 
and rating scales. All response data were also 
stored on a computer. Following introduction to 
the computers and the test battery, test sessions 
were self-administered. An experimenter was avail- 
able throughout the testing period to respond to 
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questions and to intervene if a problem occurred 
with the computer. 

2. 6. Test battery data analysis 

2.6.1. Data exclusions 
Data fi'om overtime days (only 5 or 6 d total), 

and dubious performance sessions were excluded 
from statistical analyses. Choice reaction time 
scores were excluded if more than 50 errors occur- 
red. Digit addition scores were excluded if more 
than 45 errors occurred. Grammatical reasoning 
scores were excluded if more than 7 errors (i.e., 50% 
or more errors) occurred. These exclusion criteria 
are consistent with procedures used in previous 
studies associated with the NIOSH Fatigue Test 
Battery. 

There were only 12 problematic scores for the 
choice reaction time measure. For digit addition 
errors, from 0-14% of the responses were excluded. 
There was no evidence that the problematic 
responses for those measures were systematically 
related to time of day or day of the week. A slightly 
higher proportion of the grammatical reasoning 
scores were excluded on the basis of a high number 
of errors (0-18%) or unusually fast response times 
(4--21%). For the latter measure, there was a signifi- 
cant interaction between day and session, based on 
an ANOVA calculated only on scores from the 8 h 
group (F(2,192) = 2.78, p < 0,01). With this excep- 
tion, there was no evidence of any differences in 
problem scores between subjects from the two 
work schedules. The higher percentage of problem- 
atic scores on the grammatical reasoning test is 
consistent with other outcomes. In general, the 
ATCSs who participated in this study performed 
more accurately on the computer-based tasks than 
did other work groups (clerical/office personnel, 
control room operators, and gas control workers, 
Rosa and Colligan (1988}; Rosa and Bonnet (1993) 
and Rosa et al. (1989)). 

2.6.2. Data trans,[ormations 
Several of the dependent variables in the test 

battery were transformed to approximate a normal 
distribution, Grammatical reasoning response time 
and choice reaction time were transformed to their 
inverses. Grammatical reasoning errors, choice re- 

action time errors, and digit addition errors were 
analyzed as percentage scores transformed to the 
arcsine of their square roots. The procedures for 
transforming the data were consistent with those 
used in previous studies and are based on the rec- 
ommendations of Myers (1979). 

2.6.3. Analysis of variance 
Prior to analyses, data were collapsed by work 

day and test session over the three weeks. The 
effects of shift schedule, workdays, test sessions 
within workdays, and their interactions were tested 
for statistical significance with analysis of variance 
(ANOVA). For these between schedule compari- 
sons, day 5 of the 8 h shift schedule (night shift) was 
excluded fi'om the ANOVAs. Because of unequal 
cell frequencies, least-squares regression solutions 
to the ANOVAs were computed using the SAS 
General Linear Models Procedure. In addition, 
supplementary repeated-measures ANOVAs were 
performed within each schedule (i.e., excluding any 
data from the other shift schedule) testing the effects 
of workdays, sessions, and their interaction. These 
supplementary ANOVAs eliminated between- 
group variance to obtain a more powerful test of 
changes within a shift schedule. Day 5 was included 
in the within-schedule ANOVAs for the 8 h sched- 
ule, Post hoc tests of differences between means for 
those variables which were significantly different 
across days, sessions, and the interactions of days 
and sessions were determined with the Newman- 
Keuls test. An alpha level of p < 0.05 was con- 
sidered statistically significant for all analyses. 

3. Results 

3.1, NIOSH.fatigue test battery 

Average scores on the three components of the 
NIOSH test battery across days of the work week 
are presented in Table 1. Results of the ANOVAs 
and post-hoc comparisons are also presented in 
Table 1. Of the various comparisons, there were no 
instances where differences in NIOSH test perfor- 
mance between ATCSs on the 8 and 10 h schedules 
were statistically significant. Performance related 
differences were generally due to effects associated 
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Table 1 
Average performance scores for each component of the NIOSH test battery across days of the work week 

313 

Day of the work week 

1 2 3 4 5 ~NOVA Post-hoc results a 

Choice reaction time 
RT (s) 

8 h 0.432 0.441 0.466 0.467 0.482 
10 h 0.417 0.421 0.442 0.439 
Average 0.425 0.431 0.454 0.453 

No. errors 
8 h 3.58 3.56 2.97 3.43 4.09 
10 h 2.49 2.49 2.42 2.62 
Average 3.05 3.03 2.69 3.02 

Diqit addition 
No. attempted 

8 h 97.70 100.43 101.65 95.96 
10 h 100.71 102 .58  1 0 3 . 0 7  t01.68 
Average 99.19 101 .59  102.39 98.89 

No. errors 
8 h 3.02 2.59 3.21 3.34 
10 h 3.12 3.13 3.04 3.12 
Average 3.07 2.87 3.12 3.23 

93.69 

4.27 

F14,106) = 7.59, p < 0.0001 
/:(3,77) = 2.96, p < 0.04 
F(3,156) = 8.13, p < 0.001 

NS 
NS 
NS 

NS 
NS 
F{3,155) = 3.81, p < 0.02 

NS 
NS 
NS 

Grammatical reasonin 9 
Response time (s) 

8 h 2.97 2.90 2.79 2.95 2.92 NS 
10 h 2.87 2.78 2.77 2.70 NS 
Average 2.91 2.84 2.78 2.82 F(3,149) - 2.89, p < 0.04 

No. errors 
8 h 2.01 1.91 1.85 1.7l 2.22 NS 
10 h 1.93 1.52 1.54 1.64 NS 
Average 1.97 1.71 1.69 1.68 NS 

1,2 < 3,4,5:3 < 5 
1,2 < 3,4 
1,2 < 3,4 

NS 
NS 
NS 

NS 
NS 
1 < 2 , 3 > 4  

NS 
NS 
NS 

NS 
NS 
1 > 3  

NS 
NS 
NS 

"Significant mean differences were determined with the Newman-Keuls test. 

with day of the work week, sessions, and the day- 
by-sessions interactions. 

3.1.1. Choice reaction time 

ATCSs on both the 8 and 10 h schedules ex- 
hibited a steady increase in choice reaction times 
from the initial to final work day during their 
respective work weeks, with the 10h group ex- 
hibiting slightly quicker overall average reaction 
times. For both work schedules, the average reac- 
tion times on the first two days of the work week 
were significantly quicker than on days 3 and 4. For 
the 8 h schedule, the average reaction time on the 
5th day of the work week was significantly slower 

than on any of the previous 4 d. Since days 3 and 
4 were always morning shifts and the 5th day of the 
8 h schedule was always a night shift, we were 
unable to statistically separate out the extent to 
which the changes in reaction times were attribu- 
table to fatigue arising from the day of the work 
week or time of day the tests were administered. 
The slowest reaction time occurred for ATCSs dur- 
ing the night shift, where the mean reaction time 
(0.482 s) was approximately 12% above the average 
noted on the first day of the work week. 

Session-related changes in the performance 
measures are presented in Table 2. While the effect 
of session on choice reaction time was significant 
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Table 2 
Average performance scores for each component of the NIOSH test battery across sessions 

Session ~ 

l 2 3 ANOVA Post-hoc results b 

Choice reaction time 
RT (s) 

8 h 0.453 0,463 0.455 
10 h 0.433 0.436 0.420 
Average 0,442 0.446 0.433 

No. errors 
8 h 3.22 3.21 4.19 
10 h 2.23 2.46 2.85 
Average 2.74 2.86 3.26 

Digit addition 
No. completed 

8 h 97.35 97,85 98.46 
10 b 101.69 102.13 102.33 
Average 99.76 100.40 101.43 

No. errors 
8 h 3.14 3.12 3,63 
10 h 3.06 2,9l 3.34 
Average 2.96 2.93 3.34 

Grammatical reasoning 
Response time (s) 

8 h 2,97 2.91 2.83 
10 h 2.87 2.77 2.70 
Average 2.92 2.83 2.76 

No. errors 
8 h 1.94 1.96 1.93 
10 h 1.57 1.77 1.63 
Average 1.70 1.83 1.77 

F(2,54) - 4.24, p < 0.02 NS 
F(2,54) = 10.93, p < 0.001 t.2 > 3 
F(2,108) = 13.81, p < 0.001 1~2 > 3 

F(2,541 = 11.14, p < 0.001 1,2 < 3 
F(2,54) = 4.63, p < 0.02 1 < 3 
FI2,1081 = 9.28, p < 0.001 1,2 < 3 

NS NS 
NS NS 
NS NS 

NS NS 
NS NS 
NS NS 

F(2,52} = 8.40, p < 0.001 1 > 3 
F(2,54) = 14.62, p < 0.001 1 > 2,3 
F(2,105) = 24.48, p < 0.001 1 > 2 > 3 

NS NS 
NS NS 
NS NS 

"Means for the 8 and 10 h sessions respectively includes a 5 and 4 d work week. Values for the averages are based on a 4 d work week. 
USignificant mean differences were determined with the Newman-Keuls  test. 

for both the 8 and 10 h schedules, post hoc com- 
parisons were significant only for the overall and 
10h comparisons. The average choice reaction 
times for the first two sessions were significantly 
slower than the final session of the work day. 

The significant day by session interaction 
(F(8,2tl) = 3.17, p < 0.02) for choice reaction time 
by ATCSs on the 8 h schedule is illustrated in 
Fig. 2. Through the first three days of the work 
week, average reaction times were faster on the 
final session. However, on day 5 (night shift) the 
average reaction time increased from 0.460 at 
the start of the work day to 0.495 during the final 

session. Post hoc tests among means indicated that 
these differences were significant. 

For the 8 h schedule, the average number of 
errors for sessions 1 and 2 were fewer than the final 
session. While ATCSs in the 10 h group evidenced 
a similar increase in errors from the first through 
the third session, post hoc comparisons revealed 
that only the difference between the first and third 
session was statistically significant. Fig. 2 illustrates 
the significant day by session interaction in the 
choice reaction time error measure for the 8 h 
group (F(8,211) = 3.70, p = 0.001). During the first 
two days of the work week, average reaction time 
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Fig. 2. Means and standard deviations for the choice reaction 
times and average number of reaction time errors for each 
session of the day across the work week, for ATCSs working the 
2 shift schedules. 

errors for the second and third session were below 
those of the first session. On subsequent days, aver- 
age choice reaction time errors for the final session 
were consistently above that of the first session. The 
difference became more pronounced as the week 
progressed. 

3.1.2. Digit addition 
Effects of the 2 shift schedules on ATCS per- 

formance on the digit addition task (number 
attempted and number of errors) are presented in 
Tables 1 and 2. Across days of the work week, there 
was a general increase in number of pro-blems 
attempted. While the between schedule comparison 
revealed a significant day effect for the number of 

errors measure, none of the subsequent within 
schedule comparisons reached statistical signifi- 
cance. Post hoc comparisons across the first four 
work days revealed that the number of problems 
completed on days 2 and 3 was significantly greater 
than on day 1. Fewer problems were completed on 
day 4 than either day 2 or 3. The average number of 
errors remained relatively stable across the first 4 d 
of the work week for both the 8 and 10 h groups, 
the average for the 8 h group on day 5 was above 
that of any of the preceding days. 

3.1.3. Grammatical reasoning 
Average performance of ATCSs on the gram- 

matical reasoning test (response time and errors) 
across days of the work week and sessions are 
presented in Tables 1 and 2. The significant be- 
tween schedule day effect is associated with the 
general decline in response time for ATCSs in both 
groups from the first day through day 3 of the work 
week. Post-hoc results indicate that the average for 
day 3 was significantly slower than on day 1. On 
the fourth day, ATCSs on the 10 h schedule exhib- 
ited response times that were quicker than those on 
day 3, while ATCSs on the 8 h shift had slightly 
slower response times than on day 3. On the fifth 
day (night shift), the average response times of 
ATCSs on the 8 h shift were comparable to those 
noted on the second and fourth days. Overall, 
ATCSs had quicker response times during the final 
session than on the first two sessions of the work 
day. 

3.2. Daily mood and sleep 

3.2.1. Mood ratings 
Average levels of positive and negative moods 

associated with work are presented in Table 3. The 
between shift ANOVA for positive mood ratings 
yielded significant effects for the day and day by 
session interaction F(6,310)= 10.02, p=0 .001 .  
Positive ratings of mood remained relatively stable 
across the first 2 d  of the work week for both 
groups. Ratings on days 3 and 4 were significantly 
below those provided on days 1 and 2. Post hoc 
comparisons for days of the work week for ATCSs 
on the 10 h schedule did not reach statistical signifi- 
cance. Ratings for ATCSs in the 8 h group declined 
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Table 3 
Average ratings of mood and quality of sleep and amount of sleep across days of the work week and sessions 

Day of the work week 

l 2 3 4 5 A N O V A  Post-hoc results a 

N P R U  mood scale 
Positive rating 

8 h 50.97 51.54 49.89 47.32 41.49 

10 h 52.37 52.02 50.40 50.99 

Average 51.65 51.78 50.15 49.14 

Negative rating 
8 h 15.57 15.14 15.88 15.85 18.63 

10 h 13.83 13.86 14.97 14.67 

Average 14.73 14.51 15.41 15.26 

Total sleep 
8 h 8.06 7.89 6.03 5.82 

10 h 8.06 7.15 6.97 5.72 

Average 8.06 7.53 6.52 5.77 

Awaken refreshed 
8 h 3.28 3.23 2.82 2.75 

10 h 3.46 3.40 2.97 2.93 

Average 3.37 3.3 l 2.90 2.83 

3.57 

2.41 

F(4,106) = 22.48, p < 0.00t 

NS 

F(3,156) = 4.33, p < 0.006 

2 , 3 > 4 > 5 ; 1  > 4 > 5  

NS 

1,2 > 3,4 

F(4,106) = 13.45, p < 0.001 1-4 < 5 

F(3,77) = 2.93, p < 0.04 NS 

F(3,156) = 3.19, p < 0.03 2 < 3 

F ( 4 A 0 5 ) = 6 7 . 6 0 ,  p < 0.001 

F(3,75) = 18.21, p < 0.001 

F(3,154) = 39.77. p < 0.001 

F(4,105) = 6.41, p < 0.001 

F(3.76) = 6.80, p < 0.001 
F(3,155) = 9.38, p = 0.001 

1 , 2 > 3 , 4 > 5  

l > 2 , 3 > 4  

1 > 2 > 3 > 4  

1 > 3,4,5;2 > 4,5 

1,2 > 3,4 

1,2 > 3,4 

Session 

1 2 3 A N O V A  Post-hoc results a 

N P R U  mood scale 
Positive rating 

8 h 49.11 48.90 46.63 F(2,54) 6.38, p < 0.004 1,2 > 3 

I0 h 51.87 51.54 50.86 NS NS 

Average 50.94 51.14 49.94 NS NS 

Negative rating 
8 h 15.66 16.15 16.88 F(2,54) 6.60, p < 0.003 1 > 3 

10 h 14.15 14.20 14.67 NS NS 

Average 14.77 14.85 15.31 NS NS 

"Significant mean differences were determined with the Newman-Keuls  test. 

for both days 4 and 5, with both of the ratings 
significantly different from the ratings made on any 
of the succeeding days. 

Session related changes in the positive and nega- 
tive moods also appear in Table 3. On the after- 
noon shifts (days 1 and 2), positive mood ratings 
declined from start to close of the work day. Post 
hoc comparisons indicate that for the first after- 

noon the first two ratings were significantly higher 
than for the final rating of the day. For the second 
day, the first rating was significantly higher than 
either the second or final rating. For the morning 
shifts, ratings for the final 2 sessions of the work day 
were above those of the start of the day. While the 
differences were not significant on the first morn- 
ing, on the second, the first rating was significantly 
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Fig. 3. Means and standard deviations for positive and negative 
mood ratings for each session of the day across the work week, 
for ATCSs working the 2 shift schedules. 

lower than the second rating. Positive ratings for 
the night shift evidenced a significant decline from 
start to close of the work day (each successive 
rating was less positive. 

As is evident in Fig. 3, changes in ratings of 
negative mood tend to mirror those noted for posi- 
tive mood. Negative mood remained relatively 
stable across the first 4 d of the work week, only the 
ratings of day 2 and day 3 differed significantly 
from each other. The highest negative mood rating 
(18.63) occurred during the night shift (day 5), 
which was significantly higher than the average on 
any of the preceding 4 d. The largest change in 
mood across sessions occurred for ATCSs involved 

in the night shift, where positive mood declined and 
negative mood increased. 

3.2.2. Sleep ratings 
Means for the total sleep time and ratings of 

feeling refreshed following sleeping are presented 
in Table 3. The ANOVA for the sleep diary data 
yielded significant effects for the day and shift by 
day interaction. Both the 8 h and 10 h ATCSs ex- 
hibited a general decline in total sleep time from an 
average of 8.06 h on the evening prior to the first 
day of the work week to approximately 5.77 h on 
the evening prior to the fourth day of the work 
week. Overall post-hoc comparisons indicated that 
the average amount of sleep was significantly less 
than the previous day for each day of the work 
week. ATCSs on the 8 h shift exhibited the lowest 
average number of hours of sleep on the day prior 
to the night shift (3.57 h). 

Changes in subjective ratings of feeling refreshed 
following sleep corresponded to the changes noted 
in the amount of sleep. The ANOVA revealed a sig- 
nificant effect for day. Feeling refreshed declined 
from an average rating (based on a scale of 1 to 5) of 
3.28 (8 h) or 3.46 (10 h) for the evening prior to the 
first day of the work week to 2.75 and 2.93 for the 
evening prior to the fourth day. Across the two 
schedules, ratings for day 1 and 2 were significantly 
higher than on days 3 and 4. The lowest rating was 
that of 2.41 for sleep that occurred during the day 
for ATCSs on the 8 h schedule prior to the night 
shift. While that value is not significantly different 
from the rating provided on day 4, the ratings for 
day 4 and 5 were significantly below the ratings 
provided on days 1 and 2. Even though ratings for 
most of the other quality of sleep questions evid- 
ence a general decline from the first through final 
day of the work week, the overall differences were 
less prominent than those for "feeling refreshed 
following sleep". 

3.2.3. Somatic complaints 
ATCSs involved in this study reported very few 

somatic complaints, an average of less than 2 com- 
plaints per individual per session. There was no 
evidence of any significant changes in the somatic 
complaints across either days of the work week or 
sessions. 
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4. Discussion 

4.1. 8 vs. lO h comparisons 

Our results suggest that ATC personnel working 
the 10 h shift schedule do not exhibit any evidence 
of lower performance on the NIOSH tests across 
workdays or within workdays than do ATCSs on 
an 8 h rotating schedule. Regardless of the task 
(reaction time, digit addition, or grammatical rea- 
soning), none of the between-group differences in 
performance was statistically significant. This was 
true for both the reaction time and error measures. 
Any differences in test performance that were pres- 
ent tended to favor the 10 h ATCSs. This outcome 
is at contrast with the general findings from inves- 
tigations concerning 12 h work days. In comparing 
the 8 and 12 h work days, Rosa and Bonnet (1993), 
Rosa et al. (1989) and Rosa (1991) all reported that 
performance on some tests from the NIOSH 
Fatigue Test Battery was significantly poorer for 
those employed on 12 h work schedules. However, 
studies involving the 12 h shift schedule included 
complete coverage of the 24 h workday, while the 
ATCSs involved in this 10 h study only covered the 
afternoon and morning shifts. At present ATCSs at 
this facility are not assigned to work a 10 h night 
shift. 

4.2. Fatigue test batte~ sensitivi~ 

Despite the finding of no differences between 
schedules, the results clearly demonstrate the sensi- 
tivity of the tests selected from the NIOSH fatigue 
test battery to alterations in alertness associated 
with working a rotating shift schedule. However, 
the tests included in this study did not appear to be 
equally sensitive to the effects of either the work 
day or session within the work day. The choice 
reaction time measure appeared to be most sensi- 
tive to variations in test time and effects of the work 
week. The night shift, with the associated sleep loss 
and test times between 10 pm and the early morn- 
ing hours clearly resulted in slower response times 
and greater errors. Changes in average values for 
ATCSs on the night shift were the only occasions 
where response times declined and errors increased 
from start to completion of the work day on each of 

the 3 tests. Subjective ratings of mood were less 
positive at night and became increasingly so during 
the course of the work day. Thus, the tests were 
sensitive to the combined effects of shorter sleep 
times later in the week and earlier start time for the 
shift, or a change to the night shift. The extent to 
which these changes can be attributed to the sleep 
loss associated with this particular quick-rotating 
schedule, or to the effects of the circadian rhythm 
on performance cannot be determined from this 
study. 

The obtained alterations in the fatigue test bat- 
tery performance measures reflect both the atten- 
tional demands of the specific tasks and the overall 
sensitivity of the component measures to fatigue, 
but were not necessarily reflected in changes in 
operational (job) performance. Operational tasks 
often involve much greater opportunity for analysis 
and response to critical situations than the tasks 
presented under these experimental conditions. 
However, the outcomes do reflect some general 
decrements in readiness of the human operator 
to respond that are associated with circadian 
rhythms and sleep loss resulting from a rotating 
shift schedule. 

4.3. Sleep and mood 

The consistent decline in total sleep time from 
start to completion of the work week reported 
by the ATCSs who participated in this study 
appears to be closely related to the general pat- 
tern of changes in performance noted on the choice 
reaction time component of the test battery. The 
effects were also readily observable in the self- 
reported positive and negative mood ratings and 
ratings of feeling "refreshed" following sleep. 
Shortened sleep times during the first 4 d  were 
nearly identical for ATCSs on both the 8 and 10 h 
shift schedules. From a high of 8.06h on the 
evening prior to the first day of the work week, 
ATCSs reported progressively fewer hours of sleep 
each day to 5.77 on day 4. For ATCSs on the 
8 h schedule, the combination of the short turn- 
around and the need to sleep during the daylight 
hours, resulted in the shortest sleep time prior 
to the night shift on the final day of the work 
week (3.57 hl. 
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The number of hours of sleep reported by ATCSs 
working the 8 h shifts in this study are consistent 
with those reported in earlier studies by Melton 
and his colleagues in the 1970s (Melton et al., 1971, 
1973, 1975; Saldivar et al., 1977). Melton et al. 
(1973) commented that the shorter sleep time for 
ATCSs prior to the night shift may be attributed, in 
part, to the tendency for some ATCSs to take only 
a brief nap prior to the night shift so that they will 
be able to sleep better during the morning following 
completion of the night shift. These findings are 
also consistent with outcomes from a recent assess- 
ment of controller sleep time on the 2-2-1 schedule 
at the Miami en route center (Cruz and Della 
Rocco, 1995), where ATCSs averaged 2.4 h of sleep 
prior to the night shift. In contrast, controllers at 
the Miami International Flight Service Station re- 
ported slightly longer sleep periods (5.45 h) prior to 
the night shift (Melton, 1985). These outcomes sug- 
gest that individuals develop different strategies 
relative to the amount of sleep they obtain prior to 
the night shift. 

4.4. Rapidly rotating sh(fi schedules 

Even though outcomes from this study suggest 
that the 10 h schedule is acceptable, none of the 
controllers worked a 10 h schedule involving the 
night shift. The requirements to provide 24 h ATC 
coverage, and to have adequate staffing across the 
work day requires the continuation of various 8 h 
schedules. Despite some of the obvious advantages 
of rapidly rotating shift schedules, where employees 
generally work 2 or fewer nights in succession, 
research concerning those schedules is not very 
extensive. Additionally, there is considerable vari- 
ation in the actual working hours and nature of the 
proposed rapidly rotating schedules. Despite these 
facts, Wilkinson (1992), in a brief review of the 
outcomes from various types of shift schedules, 
concluded that fixed night systems are superior and 
should be implemented for night work. The effec- 
tiveness of this approach however, is dependent on 
the willingness of employees to remain on a "night" 
schedule even during their days off. In reply, 
Folkard (1992), argued that Wilkinson overes- 
timated the problems associated with rapidly rotat- 
ing shift systems and that other aspects of shift 

systems should be taken into account when deter- 
mining the best shift schedule. In a series of studies, 
Melton and his colleagues reported that while 
ATCSs on a 2-2-1 schedule obtain slightly less sleep 
across the work week than their colleagues on 
either a 5 d rotating or 5 d fixed-schedule, they did 
not differ significantly on most of the physiological 
and biochemical indices of stress (Melton et al., 
1971, 1973, 1975; Melton, 1985) or the measures of 
mood and anxiety (Melton et al., 1971, 1973, 1975). 
Melton (1985), however, reported that a group of 
ATCSs employed at the Miami flight service sta- 
tion on the 2-2-1 shift exhibited higher levels of 
self-reported fatigue prior to the start of their work 
week than those on a 5 d fixed schedule. 

ATCSs who favor the 2-2-1 schedule have con- 
sistently reported that this preference is based 
primarily on the longer number of hours off be- 
tween work weeks, and that they are required to 
work only a single night shift. Another social factor 
associated with the 2-2-1 shift schedule is that 
a relatively normal amount of sleep and a relatively 
normal family schedule can be maintained during 
much of the work week. Ability to maintain a near 
normal pattern of sleep time is only seriously dis- 
rupted just prior to starting the night shift. Addi- 
tionally, the timing of the change in shifts is such 
that the staff of ATCSs who handle the typical 
morning push of air traffic comes from the ATCSs 
who have just started their work day, rather than 
those who are completing the night shift. 

While there is considerable variation in shift 
schedule preference among ATCSs, the 2-2-1 sched- 
ule has continued to be viewed positively by much 
of the ATC workforce. This is evidenced, in part, by 
its continued existence at most ATC facilities for 
more than 2 decades, as employees, union represen- 
tatives, and management have conferred regarding 
the selection of a preferred shift schedule. Anec- 
dotal comments from controllers and facility man- 
agers, however, suggest that the percentage of 
younger controllers preferring the 2-2-1 schedule is 
greater than that of older controllers. However, as 
part of an older survey of ATCS job attitudes, 
Smith (1973) determined that while there was 
a trend for the preference of the 2-2-1 schedule 
to diminish with age, it was still the most pre- 
ferred schedule for older controllers. As the ATC 
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workforce ages over the next decade, continued 
research will be needed to determine the extent to 
which older controllers may experience difficulties 
in coping with the 2-2-1 schedule, and to assess the 
effectiveness of alternative schedules and fatigue 
countermeasures that would reduce the negative 
consequences of working a rotating shift schedule. 
During the 2 decades of using the 2-2-1 shift sched- 
ule at ATC facilities across the US, controllers have 
provided anecdotal comments concerning difficul- 
ties associated with working a rotating shift sched- 
ule. However, there is little documented evidence of 
any significant negative impact on work perfor- 
mance, safety, or overall well-being. 
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