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Stress In controllers on the straight 5-day shift was determined at Houston Intercon 
tlnental Tower In 1970. In 1971 controllers on the 2-2-1 rotation were studied at 
the same tower. Controllers generally prefer the 2-2-1 to the straight 5-day sched- 
ule because of the long week end associated with the 2-2-1. Management Is concerned 
that the "quick turnaround" on the 2-2-1 Is a Stressor that could compromise Job per 
formance.  Physiological and psychological assessments showed no significant stress 
differences on the two schedules. On neither of the schedules did the con-i. Hers' 
stress levels differ from the general population. Urine and blood analysis *.^wed 
that day work on the 5-day rotation was generally more stressful than was the 2-2-1. 
On the day shift on the 5-day rotation, controllers slept an average of 1 hour and 
36 minutes longer per night than they did during a week on the 2-2-1. When on the 
mid shift on the 5-day, controllers slept an average of 1 hour and 2 minutes less 
per day than they did on the 2-2-1. Results of State-Trait Anxiety Index, Composite 
Mood Adjective Checklist, and Attitude and Shift Experience Questionnaire shoved: 
(1) A-State > A-Trait, (2) A-State > after work,(3) mood index < after work, (4) mood 
Index > for 5-day shift than for 2-2-1 day shifts,(5) mood index for mid shifts 
lower than for day shifts, (6) attitudes and satisfaction favor day work. Controller! 
find their work fatiguing, moderately anxiety arousing, and satisfying.  It was 
concluded that the stress differences on the two rotation patterns were too slight tc 
be of real significance and a choice between them would have to rest on managerial 
considerations rather than blomedical ones. 
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PHYSIOLOGICAL. BIOCHEMICAL, AND PSYCHOLOGICAL RESPONSES 

IN AIR TRAFFIC CONTROL PERSONNEL: COMPARISON OF THE 

S-DAY AND 2.2-1 SHIFT ROTATION PATTERNS 

L   Introduction. 

Many shift rotation patterns are in effect at 
ATC facilities around the country; however, 
most are variations of the 2-2-1 (2 evening 
shifts, 2 day shifts, 1 mid shift) or the straight 
5-day (5 consecutive days on the same shift) 
rotations. When facility work load and staffing 
level permit, controllers will usually opt for the 
2-2-1 rotation in order to obtain the long week- 
end that goes with it. The extended time be- 
tween work weeks results, obviously, from 
"bunching up" work periods during the week, 
thus causing briefer |>eriods (quick turnarounds) 
between shifts than would otherwise occur (Fig. 
1). When the straight ."»-day pattern is em- 
ployed, controllers work the same 8-hour shift 
and have Iß hours off duty for it days; they then 
have 2 days off. On the 2-2-1 rotation, the con- 
trollers normally work a different shift every 
day. At Houston the work week consisted of the 
1600-2400 shift on day 1. 1400-2200 on day 2, 
0800-1R00 on day 8, 0700-1600 on day 4, and 
2400-08i;'> on day 6. Figure 1 shows that the 
time between shifts on the 2-2-1 pattern ranges 
from 0 to 15 hours, for an average of 12 hours: 
thus a controller can put in a 40-hour week in 
88 hours, leaving an 80-hoiir weekend. On the 
straight 5-day rotation, 104 hours are required 
to accomplish 40 hours of work. The weekend 
on the 5-day rotation may be as long as 72 hours 
if a controller coming off a day shift returns to 
an evening shift, or as short as 56 hours if he 
comes back on a mid shift (Fig. 1). 

The desirability of the 2-2-1 rotation is ob- 
vious: the weekend is about 48% of the 7-day 
(168-hour) week; the controller on the 5-day 
rotation has a weekend that varies from 33% to 
43% of the 7-day week. 

Management generally does not favor the 
2-2-1   rotation,  alleging  that   the  quick tm-n- 

around does not allow time for sufficient rest 
l)etween shifts. Certainly, 0 hours between 
shifts does not allow for 8 hours of bed rest when 
time for travel and meals is considered. Con- 
trollers say that the long weekend contributes to 
a better life and that they return to work more 
relaxed and refreshed than they do on the 
straight 5-day rotation. Most controllers also 
prefer the single mid shift feature of the 2-2-1 
to the five consecutive mid shifts on the 5-day 
rotation. That contention is supported by data 
obtained in earlier studies1-1 that showed five 
days of shift work to be not long enough for 
complete adaptation to night work but too long 
because of the accumulation of fatigue resulting 
from poor quality daytime sleep. 
\ study of stress in air traffic control special- 

ists at Houston Intercontinental Tower was car- 
ried out in July and August 1070.* At that time 
the 5-day rotation pattern was in use. Later that 
year the shift pattern was changed to the 2-2-1 
rotation, thus affording an opportunity for study 
of substantially the same group of controllers on 
both rotations. The present study was carried 
out in July and August of 1071. The purpose 
of the experiment was to compare the levels of 
various stress indicators on the two shift rotation 
patterns. 

II.   Methods. 

Nineteen controllers volunteered to participate 
in the study: twelve were journeymen, five were 
supervisors, and two were trainees; twelve of 
ihem had served as subjects on the previous 
project. The techniques employed were the same 
as those used on the li)70 project and descrilied 
in an earlier reiiort.' Briefly, the electrocardio- 
gram was recorded continuously on tape through- 
out every work |>eriod. Trine was collected by 
each subject when he arose each morning (epeci- 
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Fint-RK 1. Graphic reprewntntlon of n week on the 2-2-1 and .Vrtny rotation». The wt«k8 shown bettln on Mon- 
day; however, a controller'« work week may »tan on any day and his weekend will necessarily be days other 
than Saturday and Sunday. 

men No. 1), during the first 4 hours (specimen 
No. 2) and the h*t 4 hours (s|)ecimen No. 3) of 
each shift. Blood specimens were taken from 
each subject when he began his work week and 
again at the end of his work week. Urine was 
analyzed for epinephrine, norepinephrine, 17- 
ketogenic steroids, sodium, potassium, and creati- 
nine. Blood plasma was analyzed for total 
phospholipid and phosphatidyl glycerol.* 

Each subject completed a series of question- 
naires and psychological tests liefore and after 
each shift under consideration.    The following 

techniques were used to assess mood, anxiety, and 
attitude: 

1. The State-Trait Anxiety Inventory (STAI): 
This questionnaire, developed by Spielberger, 
Gorsuch, and Lushene,10 consists of two scales 
which ask the respondent to respond to items 
concerning his general (A-trait) and current 
(A-state) anxiety levels. Each scale is comprised 
of 20 items which the resqiondent rates on a four- 
point scale. A typical item would be "I feel 
tense," which would be rated from "almost al- 
ways" to "almost never" for A-trait, and from 



"very much so" to "not at all" for A-stote. The 
A-State Scale was adiuinistered to each subject 
before and after each shift under consideration; 
the A-Trait Scale was only administered before 
the first shift of the work week. 

2. Composite Mood Adjective Checkest 
(CMACL): The CMACL, as developed by 
Malmstrom,' was used to assess ntractive states 
before and after selected shifts. T'iis list con- 
sists of 80 adjectives (e.g., angry, sleepy, happy) 
rated by the subject on a nine-point scale from 
"not at all" to "definitely," descriptive of his 
current feelings. The CMACL was completed 
before and after each shift on the 2-2-1 schedule, 
and before and after the day and mid shift se- 
quences on the ä-day schedule. 

3. Attitude and Shift Experience Question- 
naire: Before each shift the subjects completed 
a questionnaire to indicate their attitudes toward 
working the upcoming shift (e.g., How much 
are you looking forward to working today ^ 
How do you feel today?) on five-point rating 
scales. For the specific questions refer to Ap- 
pendix 1. After the shift a corresponding ques- 
tionnaire was completed and, in addition to 
indicating their attitudes and feelings, the sub- 
jects were asked to rate the shift in terms of 
difficulty and satisfaction. 

In addition to the various physiological, bio- 
chemical and (»ychological measures, each par- 
ticipant was asked to report the number of hours 
of sleep obtained prior to reporting for work. 
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III.   Results. 
FhygiologicaJ-IiiochemicaJ Memwen 

A. Heart rate. Table 1 shows a comparison 
between various work positions during day/ 
evening work and mid shift work on the two 
shift rotation patterns. Statistically significant 
differences occur on the mid shift with the aver- 
age heart rate being higher on the 2-2-1 rotation. 
Table II shows, where data are sufficient for 
statistical test, that there are no significant dif- 
ferences during day work between heart rates on 
the two shift rotation patterns for the various 
work positions. Table III shows only one point 
of statistically siguilicant difference between mid 
shift positions on the two rotations: approach 
control radar. Most of the mid shift data in 
Table III tire insufficient for statistical compari- 
son because of the fact that only one controller 
was in the cah und one in the radar room. When 
the different positions are considered separately, 
data for each of them beconu- scanty. Table I 
shows data combined for the various positions. 

Within the group on the 2-2-1 rotation there 
are no points of statistically significant differ- 
ence lietween work positions. 

B. Urine Chemistry (Table IV). 
1. Epinephrine (E). There was no significant 

difference in E excretion by the two groups dur- 
ing day work.   A significantly elevated excretion 

V 
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of E occurred during nocturnal sleep by the 
group on the a-2-1 rotation; however, E excre- 
tion over an entire week of day work was slightly, 
but insigniHcantly, higher than E excretion over 
a week on the 2-2-1 rotation. 

When the mid shifts were similarly compared, 
the excretion of E was significantly elevated in 
the 2-2-1 group, except during day sleep when 
the two groups' E excretion was equal. 

2. Norepinephrine (XE). NE excretion was 
significantly greater during day work on the 
5-day rotation than on the 2-2-1 rotation. There 
was no significant difference in NE excretion 
during nocturnal sleep on the two rotation pat- 
terns. The entire week of day work caused a 
significantly higher excretion of NE than did the 
2-2-1 rotation. 

There were no significant differences in NE 
excretion by controllers on the mid shifts of the 
two rotation patterns. Likewise, NE excretion 
did not differ significantly during day sleep on 
the two rotation patterns. 

3. 17-Ketogenic steroids (KGS). KGS excre- 
tion was significantly higher during the first half 
of the mid shift on the 2-2-1 rotation than it 
was during the comparable period on the .j-day 
rotation. That trend was reversed, however, 
during day sleep when KGS excretion was sig- 
nificantly elevated in the 5-day group. When 
the KGS data were normalized as i)ercent of tiie 
baseline (night sleep specimen !)-:$), adrenororti- 
cal responsiveness was seen to be significantly 
higher in the 2-2-1 group during the first half 
of the mid shift and for the whole week than it 

was on the mid shift in the 5-day group. Day 
work was characterized by significantly elevated 
KGS excretion by the 5-day group. The differ- 
ence between the groups was not seen, however, 
during nocturnal sleep. When a week of day 
work on the 5-day rotation was compared to 
day/evening work on the 2-2-1 (D-t specimen), 
it was apparent that the 5-day rotation was sig- 
nificantly more stressful than was the 2-2-1 ro- 
tation. Adrenocortical responsiveness (% base- 
line) was not significantly different in the two 
groups. 

4. Sodium (Na) and Potassium (K). Na ex- 
cretion and K retention were characteristic of 
the 2-2-1 rotation on both the day and mid 
shifts, with the exception of Na excretion on the 
first half of the day shift. The two rotation 
patterns could not be distinguished on the basis 
of the Na/K ratio, however, for either day shift 
or mid shift. 

5. Phospholipids. Table V shows that there 
are no points of statistically significant difference 
between the two work schedules as far as total 
plasma phospholipids are concerned. However, 
the two shift rotation patterns can be differen- 
tiated significantly on the basis of phosphatidyl 
glycerol levels in the controllers' plasma speci- 
mens, with the higher value occurring in connec- 
tion with both the day shift and mid shift of the 
5-day rotation. AVhen the change in phospholipid 
levels over the work weeks (postwork minus 
prework levels) on the two rotation patterns ore 
compared, there are no points of significant dif- 
ference in either total phospholipid or phos- 
phatidyl glycerol levels. 

Ptycholugical Measures 
A. STAl. The findings for the two scales of 

the STAI are summarized in Table VI. There 
were no significant differences between the anx- 
iety levels of the two controller groups as a func- 
tion of shift rotation schedule. 

Controllers under both shift rotation schedules 
had significantly higher mean A-state than A- 
trait scores (/*<.05) for both comparisons). In 
addition, the A-state level was significantly 
higher after work than it had been before shifts 
(/><.05 or less for each comparison). There 
also ap|ieured to Iw a slight tendency for A-state 
levels to lie higher in raaociation with mid shifts 
than other shifts; however, the differences were 
not statistically significant. 
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TABLE V 

Plasma Phosphollplda 
5-day vs 2-2-1 Rotation 

Prework S-day 

2-2-1 

P* 

. Total Llpid Phoaphorua 

2406 + 250.19 (s.d.) 

2211 + 186.43 

N.S. 

Postwork 5-day 
(day shift) 
2-2-1 

2242 + 226.70 (s.d.) 

2222 + 181.60 

N.S. 

Postwork 5-day 
(mid shift) 

2-2-1 

2392 + 216.44 (s.d.) 

2227 + 165.88 

N.S. 

Pre work     5-day 
Postwork    (day shift) 
differences 

2-2-1 

14.40 + 51.82 

26.80 + 41.60 

N.S. 

Pre work     5-day 
Post work 
differences  2-2-1 

-13.92** + 66.46 

16.00 + 46.63 

N.S. 

* Palred t teat 
** prework values higher than postmork values. 

Phosphatldyl Clycerol 

34.23 + 4.16 (s.d.) 

27.48 + 3.62 

p s 0.01 

35.16 + 5.44 (s.d.) 

28.42 + 3.4? 

p < 0.01 

33.19 + 5.35 (s.d.) 

29.07 + 3.70 (s.d.) 

p i 0.01 

1.47 + 3.50 

0.80 + 5.37 

N.S. 

1.03 + 4.34 

1.59 + 5.30 

N.S. 

B. CM ACL. The CMACL data were scored 
for the 15 mood factors developed by Malmstrom2 

and for an overall index proposed by Smith.*'* 
The findings for the controllers under the 5-day 
shift rotation schedule are discussed at length in 
a previous publication.* The results presented 
within this section will be concerned primarily 
with the comparisons between the 5-day and 
2-2-1 shift schedules. 

The mean overall affect index of 6.94 (range 
of possible values was one to nine) for control- 
lers under the 5-day schedule did not differ sig- 
nificantly from the mean of 6.88 for controllers 
on the 2-2-1 schedule (the higher the index, the 
more positive the affect). In both groups there 
was a significant decline (Table VII) in the 
overall index from preshift to postsiiift assess- 
ments (/J<.01 for both comparisons).   Also in 
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TABLE VI 

Mean A-State and A-Ttalt Raw Scores for Air Traffic Controllers 

Under TWo Shift RoUtion Schedules 

Watch Tlaa 
5-day 

Rotation Schedule 
2-2-1 

A-Trait 

  mmmm 30.0 29.3 

A-State 

Day Pre 
Post 

29.4 
35.2 

Evening Pre 
Post 

  

Mid Pre 
Post 

31.3 
35.8 

30.6 
34.9 

31.5 
33.9 

32.1 
36.2 

both groups, the mean index for day shifts was 
higher than mid shifts (/><.01 for both compari- 
sons) ; however, the mean index for the day shift 
was higher under the 5-day than the 2-2-1 sched- 
ule {y><.01). There was no difference between 
the schedules on the index for mid shifts. Within 
the "2-2-1 schedule, there was a significant inter- 
action (/><.ül) Iwtween types of shifts and pre- 
shift and postshift mood assessment. It was 
found that, before work, the mean overall index 
was higher for evening shifts than for day shifts 
or mid shifts l/><.01) for each comparison). 
After work, the mean overall indices for evening 
and day shifts were equal and lower than the 
indices before work. The index for the mid 
shifts was significantly lower than for both the 
day and evening shifts (p<M for both com- 
parisons). 

There were no significant effects for «even spe- 
cific mood factors, Aggivfmion, Anxiety, Anxious, 
DepivsHion, IHstnint, Dizzy, and Notwhalance. 

There were five factors on which differences 
between the two shift schedules were noted. 
Mean Cancentiatiou and Social Affection scores 
were higher under the 5-day schedule than the 
2-'2~l schedule (p<.05 for both comparisons). 
It was also found that prior to day shifts, the 
mean Vigor and Surgmey scores were higher, 
and mean Fatigue scores lower, for the 5-day 
than for "i-'i-l rotation schedules (/><.05 or Iwt- 
ter for each comparison). This trend continued 
to postday shift assessments only for the Vigor 
factor. Furthermore, it was found that the pre- 
shift Vigor scores on Ijoth schedules were higher 
for day than mid shifts, but after shifts this was 
true only for the 5-day schedule (/»<.05 or better 



for each comparison). In addition, «cores on 
the Surgency factor obtained following mid 
shifts tended to be higher on the 2-2-1 than the 
6-day schedule. 

As noted in the analysis of controller mood 
data for the 5-day schedule (see Smith, Melton, 
and McKenzie*), controllers on the 2-2-1 rota- 
tion also had higher Friendly, Concentration, 

TABLE VII 

Mean Scores for the Overall Affect Index and the 15 CMACL Mood 

Factors for Air Traffic Controllers Under Tw.  ihlft Rotation Schedules. 

Tlae 

Schedule 

Factor 
5-Day 
ffl-W) - 

Day       Mid 

2-2-1 
rH-20) 

Day Evening Mid 

Overall 
Index 
(1-9) 

Pre 
Poat 

7.43 
7.05 

6.86 
6.42 

7.00 
6.87 

7.43 
6.74 

6.81 
6.43 

Aggression 
(6-54) 

Pie 
Poat 

8.4 
7.2 

9.9 
8.3 

8.2 
8.8 

9.5 
9.5 

8.2 
8.7 

Anxiety 
(7-63) 

Pre 
Poat 

10.2 
11.9 

11.6 
12.2 

10.1 
11.9 

10.8 
10.8 

10.2 
11.7 

Anxious 
(1-19) 

Pre 
Poat 

2.3 
2.4 

1.7 
1.6 

2.3 
2.3 

3.0 
2.3 

1.9 
2.0 

Concentre-   Pre 
tlon (9-81) Poet 

53.8 
44.1 

49.3 
41.4 

43.8 
41.1 

53.1 
42.1 

38.8 
36.4 

Depression 
(12-108) 

Pre 
Poat 

20.6 
20.1 

24.1 
24.2 

21.7 
21.5 

21.9 
22.4 

23.1 
21.4 

Distrust 
(3-27) 

Pre 
Poat 

4.6 
4.8 

5.4 
4.5 

5.9 
5.4 

7.0 
5.6 

5.6 
5.4 

Dlssy 
(4-36) 

Pre 
Poat 

5.0 
5.4 

5.6 
6.4 

4.3 
5.1 

5.1 
4.8 

4.6 
7.4 

Fatigue 
(8-72) 

Pre 
Post 

19.4 
25.1 

32.4 
45.4 

24.8 
26.9 

16.6 
30.7 

30.6 
42.5 

Friendly 
(3-27) 

Pre 
Poat 

18.7 
15.7 

16.4 
14.2 

16.4 
15.9 

19.5 
15.6 

15.7 
14.3 

Non- 
chalance 
(2-18) 

Pre 
Poat 

9.3 
7.6 

9.4 
9.4 

7.9 
7.9 

8.9 
8.6 

8.5 
8.2 



TABLE VII 

(Continued) 

Mean Scores for the Overall Affect Index and the 15 CMACL Mood 

Factors for Air Traffic Controllers Under TVo Shift Rotation Schedules. 

Time 

Schedule 

Factor 

5-Day 
(^16) 

Day   Mid 

2-2.1 
(N-20) 

Day Evening Mid 

Sleepy 
(4-36) 

Pre 
Post 

9.9 
14.2 

17.9 
26.8 

12.3 
13.9 

7.3 
16.6 

16.8 
24.4 

Social 
Affection 
(4-36) 

Pre 
Post 

22.0 
19.6 

20.0 
18.4 

19.5 
18.9 

23.4 
18.9 

18.4 
16.7 

Surgency 
(5-45) 

Pre 
Post 

25.9 
23.7 

20.9 
17.6 

22.8 
22.5 

29.1 
20.7 

21.3 
19.2 

Vigor 
(3-27) 

Pre 
Post 

17.9 
15.2 

12.9 
8.0 

14.9 
13.5 

20.1 
13.3 

13.0 
9.5 

Zuckerman 
Affect 
Adjective 
Checklist 
(21-189) 

Pre 
Post 

49.7 
46.6 

58.1 
65.4 

56.5 
61.1 

48.4 
58.9 

59.6 
64.9 

The values in parentheses represent the range of possible scores 
on each factor. 

Social Affection, Vigor and Surgenti/ scores be- 
fore than after all types of shifts (/»OV» or 
better for each comparison). Consistent with 
these findings, scores for the Fatigue factor were 
higher after shifts on both schedules. 

The scores for the Sleepy factor tended to be 
higher for mid than for day shifts for both 
schedules (p<M for both comparisons). 

It was noted from the 2-2-1 schedule data that 
feelings tended to be more positive prior to 
evening shifts than prior to the other two ty|»es 
of shifts. This was true for the Cotuentration, 
Social Affection, Vigor, Fatigue and Sleepy fac- 
tors   (/»<.05   oi   better  for each  comparison). 

However, |>ostevening shift scores were essen- 
tially equal to those from mid shifts in the 
Sleepy and Fatigue factors, and were equal to 
scores from both mid and day shifts on the re- 
maining factors. 

C. Attitude and Shift Emp»rienee Question- 
naire. The mean ratings for both controller 
groups on the four preshift and ♦'.ve iwstshift 
questions are presented in Table VIII. Under 
both rotation schedules, the controllers indicated 
that they looked forward more to (question 1) 
and had more enthusiasm for (question 2) day 
shifts than mid shifts (/»<.or» or better for each 
comparison).    Subjects on  the f>-dav schedule 



ÜBLE VIII 

Mean Rating for Pre»hl£t and Poatahifc QuaaClonnalrc Items 

Rotation Schedule 

■ 

5-dav 2-2-1 
ATCSs 

fM-16) 
ATCSs 

ni*i9) 
Day Mid Day Evening Mid 

Pre-ahlft 

I. Looking 
Forward Co 
Work 3.48 2.81 3.11 3.61 2.61 

2. Enthuslaaa 3.54 2.97 3.24 3.87 2.72 

3. General 
Feelings 3.78 3.20 3.53 4.11 3.39 

Poat-ahlft 

X • General 
Feelings 3.49 2.81 3.37 3.47 2.83 

* • Tension .3.21 3.S6 3.34 3.47 3.44 

J • Peel Good 
or Bad About 
Shifts 3.80 3.32 3.42 3.53 3.28 

*»• Statlsfac- 
Cion 4.00 3.51 3.53 3.63 3.33 

3* Difficulty 2.77 3.75 3.19 3.46 4.24 

also indicated that their general feelings were 
better before day than mid shifts (question 3); 
however, there was no difference between the« 
shifts on this question for the 2-2-1 schedule. 
On the 2-2-1 rotation it was also found that on 
each of theae three questions the evening shift 
was rated significantly more positive than the 
day shift 

After shifts the findings for general feelings 
(question 1) and shift difficulty (question 5) 
were the same for both rotation schedules; feel- 
ings were more positive, nnd shifts judged more 
difficult for day than mid shifts.    Under the 

5-day schedule it was also found that satisfaction 
with the shift (question 4) snd positive feelings 
about the shift (question 3) were greater for day 
than mid shifts. There were no differences be- 
tween types of shifts on these questions for the 
2-2-1 rotation. It wss also found that ratings 
for the evening shifts were equal to the day shift 
rating for each postshift item on this rotation 
schedule. 

There were no significant correlations between 
responses to the questionnaires and STAI or 
CMACL response trends. 
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TABU IX 

Coaparlion of Hours of Sleep Prior to Work 

Shift 
I 
n 

Work Day 
Weekly Average 
(Derived fro« all 

Rotacio 
Patter 1 2 3 4 5 

participating 
subjects) 

7:04 6:58 6:56 7:11 7:10 6:58 

5-day 
(4«y.) 

P* 

1:03 

C 0.05 

0:09 

N.S. 

0:57 

< 0.05 

1:11 

s 0.05 

4:40 

i 0.01 

0:53 

«0.01 

8:07 6:49 5:59 6:00 2:30 6:05 

2-2-1 A 2:08 1:15 0:35 0:11 3:50 0:06 

pM M.S. N.S. N.S. N.S. sO.01 N.S. 

5-day 
(■Id) 

5:59 5:34 5:24 5:49 6:20 5:59 

«Significance level of difference between values on day shifts and 2-2-1 rotation 
««Significance level of difference between values on aid shifts and 2-2-1 rotation 

Sleep Pattern» 

Table IX shows, day by day, for the 12 indi- 
viduals who participated in both studies, the 
hours of sleep prior to work. The controllers on 
the 5-day rotation slept signiHcnntly longer at 
night prior to day shifts than they did in the 
day prior to mid shifts. These same controllers 
on the 2-2-1 rotation slept significantly less prior 
to work than they did prior to day work on the 
5-day rotation; however, the one mid shift in- 
cluded in the 2-2-1 schedule substantially low- 
ered the average amount of sleep because most 
controllers only took a short nap prior to that 
single mid shift. 

Every day on the 2-2-1 schedule is a quick 
turnaround day. The amount of sleep taken 
prior to day 2 is not significantly different for 
the two rotation patterns; on day 3 the control- 

lers on the 5-day pattern slept an average of 67 
minutes more than those on the 2-2-1, prior to 
day 4 the group on the 5-day rotation slept 1 
hour ..nd 11 minutes longer, and prior to day 5 
the controllers on the 5-day rotation slept 4 
hours and 40 minutes longer. On a whole week 
basis, when the controllers were doing day work 
on the 5-day rotation, they slept an average of 
1 hour and 36 minutes longer per night than 
they did a year later on the 2-2-1 rotation. How- 
ever, when the single mid shift is not included 
in the comparison, on the 2-2-1 rotation they 
slept an average of 18 minutes more than they 
did prior to the first 4 days of the 5-day rotation. 
When a week of work on the 2-2-1 rotation is 
compared with a week of mid shifts, it develop« 
that, on the 2-2-1, the group slept an average of 
1 hour and 2 minutes more per night than they 
did prior to 5 straight mid shifts. 

\ 
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IV.   Discussion. 

Phyiiological-liiuchemical Measure» 

A. J//(/ »hlft. With regard to mid shift work, 
the two rotation patteriis can be differentiated 
on the basis of heart rate. The mean heart rate 
for all work i»o.silions for the entire week on the 
."»-day rotation was sifniiiicantly lower than it 
was for the one mid shift on the '2-2-1 rotation. 
Heart rates during day work, however, were 
equal on the two rotations. Since the mid shift 
mean heart rate for all imsitions on the 2-2-1 
rotation was equal to the day shift heart rates, 
the difference is obviously due to depression of 
the heart rate lielow the day rate (indeed, below 
the prework rate) on the 5-day rotation rather 
than to an elevation of heart rate above the day 
rate on the 2-2-1 rotation. The reason for the 
difference is not readily apparent: however, it 
should lie borne in mind that conditions on the 
two rotation putu-rns are not strictly comparable. 
When the daily means of heart rate on the Ti-day 
rotation are graphed, there is a linear increase 
over the five mid shifts. The fifth mid shift 
gives rise to a mean heart rate (Tfl bpm) that is 
not significantly different from the mean heart 
rate on the single mid shift on the 2-2-1 rotation 
(81 bpm). Thus, the difference can probably be 
accounted for by averaging of the heart rates 
over the five mid shifts. 

The urinary variables show that there are only 
two points of significant difference between the 
two groups, a significantly elevated adrenoeorti- 
cal response and a natrinresis on the 2-2-1 rota- 
tion. The values for day sleep (M-.1 specimens) 
indicate that a week of mid shifts is about twice 
as stressful as a week of work on the 2-2-1 
rotstion. 

B. Day tkift. The mean heart rates for all 
subjects for all tower [msitions are equal for the 
two rotation schedules. 

Urine chemistry shows several points of sig- 
nificant difference in response to work on the 
two rotation schedules. Syinputiietir arousal, as 
indicated by norepinephrine excretion, is greater 
on the 5-day rotation than on the 2-2-1. Adre- 
nocorticvl level of activity is significantly ele- 
vated on the 5-day rotation. Though dietary 
factors are difficult to assess, the excretion of 
sodium is enhanced on the 2-2-1 rotation, sug- 
gesting a reduced secretion of mineralocorticoids. 

Plasma phospholipids are indicative only of 
the entire weeks work, since blood siiecimens 
were drawn on the first and last days of the shift. 
The phosphatidyl glycerol data show that the 
5-day rotation was significartly more stressful 
than was the 2-2-1. It is important to note the 
difference in phosphatidyl giycerol levels in the 
prework specimens. The level of this stress in- 
dicator is significantly lower in the controllers' 
blood on the 2-2-1 rotation. This finding can 
Iiossibly lie attributed to the extended weekend. 
The amplitudes of the changes in phosphatidyl 
glycerol levels are not significantly different over 
the week's work for the two rotation pattents. 

l'$ychologicaJ Meaturen 

The results indicate ihat controllers at this 
facility find their work fatiguing, moderately 
anxiety arousing, and satisfying. These trends 
were present under both shift schedules, there 
lieing relatively little difference between these 
schedules on any of the measures obtained under 
these schedules. There was some evidence that 
affect states associated with day shifts were 
somewhat less positive for the 2-2-1 than the 
5-day schedules. However, this may have been 
in part a function of the added assessment of 
evening shifts for the 2-2-1 schedule. In other 
words, the referent for this group may have been 
somewhat different than for the 5-day group, 
since no rating of evening shifts was obtpined 
for the 5-day schedule. 

There was clear agreement that mid shifts are 
associated with stronger negative feelings than 
day or evening shifts. These data are thus con- 
sistent with other findings7-* concerning the atti- 
tudes of controllers toward their work; it has 
been determined in the surveying of controllers 
at a variety of facilities that the aspect of ATC 
work which they disliked the most, and signifi- 
cantly more than any other as|iect of their work, 
was working the mid shift. 

The findings with resjiect to anxiety suggest 
that controllers tend to experience somewhat 
more anxiety (A-state) while doing ATC work 
than they do on the average in other settings 
(A-trait). However, the degree of anxiety ex- 
perienced during work is probably well within 
normal limits as the mean A-State Scale score 
for the controllers corresponds to approximately 
the 42nd percentile for normal college under- 
graduate students.   It also appears, at least by 
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]i 
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lou» «trMMd and non-Ktmwed Kroupa. 

student standards, that jrenernl anxiety or A-trait 
levels are quite low as the mean A-trait score for 
controllers is equivalent to the 24tli percentile 
according to <iich normative data. It thus ap- 
pears that while ATC work may cause some 
moderate anxiety arousal in controllers, the re- 
sulting anxiety level is well within "norinal" 
limits. 

The major outcome of work appeared to lie 
increased feelings associated with fatigue; how- 
ever, as noted, shift schedule had relatively little 
effect on such feelings. The CMACL factors 
which showed the greatest effects were those as- 
sociated   with   "physicar   conditions   such   as 

Sleepy, Fatigue, or Vigor. In addition, there 
was evidence of decreased sociahility tit the end 
of the shift. These etTecta were greater for the 
mid shift, even though «wirk load is lowest for 
the mid shift, which suggests that boredom ai I 
inactivity in a situation which demands vigilance 
may be a most important factor in judged 
"fatigue" level. 

Sleep Pattern* 

While there are significant differences between 
the two shift patterns reflected in the controllers' 
Imdy chemistry, generally favoring the 2-2-1 
rotation, it should lie carefully fminted out that 
neither group significantly differed from the 
general iKipulation. I'nder low-stress conditions 
it would not be expected that any sort of opera- 
tional deficiency would result from the shift ro- 
tation pattern alone. However, in a high-stress 
situation any additionally stressful factor would 
be expected to increase the imtential for error, 
and it is commonly believed that the quick turn- 
around feature of the 2-2-1 rotation constitutes 
such an additional stress. It has been generally 
assumed that controllers on the 5-day rotation 
will utilize a full 8 hours of their 16-hour off 
period for sleep, thus returning to work fully 
rested and capable of meeting the most rigorous 
demands of their job. The data for sleep pat- 
terns indicate that such an assumption is not 
entirely valid. It is of interest that most con- 
trollers deliberately take only a short nap prior 
to working the one mid shift on the 2-2-1 sched- 
ule. They explained that by so doing they would 
be tired enough at the end of the shift to sleep 
well during the day, then they would be rested 
for the weekend and their normal day-night 
schedule would not be seriously disrupted. Con- 
trarily, on the .Vdsy rotation controllers com- 
monly complainad that after 5 consecutive mid 
shifts their whole weekend was devoted to trying 
to become readjusted to day wake fulness and 
night sleep. 

At Houston, when the 5-day rotation was in 
effect, controllers worked a week of evenings, 
then a week of days, then another week of eve- 
nings, then another week of days, then a week of 
mid shifts. Five weeks were required to com- 
plete the entire pattern of duty |ieriods. Data 
were not collected on evening shifts in that study: 
however, it is probably a valid assumption that 
the controllers slept about the same amount as 
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they did prior to the day shift. Assuming that 
a controller worked mid shifts every .'»th week, 
an extrapolation of the sleep data shows that he 
would sleep an average of 6 hours and 40 minutes 
out of every 24 hours. On the 2-2-1 rotation he 
would sleep an average of 6 hours and 35 min- 
utes, a difference of 11 minutes per night over a 
5-week period. 

Strong managerial reasons may lead to the se- 
lection of one or the other of the shift rotation 
patterns, but physiologically and psycholo^'cally, 
such a strong case could not be made at Houston. 

There is no evidence that controllere suffer un- 
usual changes in anxiety, affect or attitude as a 
function of working under either schedule. If a 
choice were to be made based on the controllers" 
physiological re8|>onses, it would have to be the 
2-2-1 rotation. Studies similar to the one de- 
scribed here arQ being planned at one or more 
high-density facilities, employing different shift 
rotation patterns. In those studies, data will be 
collected on day, evening, and mid shifts on the 
.j-day rotation in order to provide a better com- 
parison with the 2-2-1 rotation. 
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Appendix I 

Pom I 

1. How auch art you looking forward to working today? 

vary auch   quite a bit   some   not nuch   not at all 

2. How enthuelaatlc do you ftel about doing ATC work today? 

vary high   high   some   Uttla   not at all 

3. In ganaral, how do you feel today? 

excellent   good   o.k.   poor   bad 

4. How tana« do you now feel? 

vary Canea moderately tcnce slightly tense no tension completely relaxed 

Form IZ 

1. How do you generally feel now, after the end of a day's ATC work? 

excellent   good   o.k.   poor   bad 

2. How tense do you feel now? 

very tense moderately tense slightly tense no tension completely relaxed 

3. How do you feel about today's ahlft? 

very good   good   o.k.   bad   very bad 

4. How satisfied ware you with today's shift?  ' 

very satisfied satisfied neither satisfied dissatisfied very 
nor dissatisfied dissatisfied 

S. How difficult was today's shift? 

vary difficult  difficult  neither difficult  easy  very easy 
nor easy 
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