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I. SUMMARY l 

Acknowledgment 

The inspiration and support for the Air Traffic Controller Health 
Change Study came from many sources. The need for such a stu~y was 
clearly one of .:.e rcc<.>mmendations of the Corson Report (1970). The 
questions regarding the implications of air traffic control work on 
employe' health were, and remain, an important issue for the Office 
of Aviation !ledicine of the FAA. Factors leading to health change 

• 

in' air traffic controllers were of great interest to many individuals in 
the agency. Administrators responsible for the maintenance of the air 
traffic control sy~ten and those in the Office of Personnel were 
vitally interestej in the problems of air traffic controllers and 
the factors that u.ight represent a risk for their healt!l change. 

We received a great deal of support from many individuals in many 
different parts of the FAA, both nationally and at different facilities, 
ranging from their backing for the development of such a study to their 
crucial suggestions for design of the study and thetr help in its exe­
cution. 

We are also much indebted to t .. • administrative officers of the 
Professional Air Traffic Controller's Org~nization (PATCO). Without 
their support and endorsement, it would have been impossible for uo 
to complete this study. 

We are perhap~, ho~ever, most indebted to the air traffic con­
trollers who participated at a cost to themselves, but yet with <m­
thuaiasm, openness and sustained dedication. Without their cooperatio1~, 
inves~ent, perserverance, and honesty, there would have been no study. 
Many individual controllers also participRted in.making suggestions 
about the various questions that might be asked, helped educate us 
about some of the intricacies of air traffic control work and help~ 
•Js to overcome the difficuldes in scheduling. Because our study 
required contr<;llers to be away from their jor at least one~ every 
nine months, we are also indebted to the various facility chiefs and 
their assist~nts who helped us schedule the controllers' visits to 
Boston. 

An enot'Tl'.ous amount of information ~<as collected on the 1>16 men that 
we studied for three calendar y•ears. Our participants were an unusua.lly 
cooperative and dedicated subje,ct group, representing an 80% volunteer 
: c •o :c.~ " o•catified sample of ATCs in New York and New England. They 
averaged a 9::>;: return rate on the monthly mood and health ·heck,1111ts. 
Although, of the 416 m~n who started the study, many .-ere either trans­
ferred to other :scilities or promoted, 388 men, or 93%, of the original 
group returned i or a final examination visit. They C"'-'e from across thP 
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country and as far away as Guam and Huwaii. Only 24 men dropped from 
the study for personal reasons during the entire three years. and 
even some of them came back for a final visit. 

We are grateful for the excellent cooperation we received during 
our visits to the facilities to study the me~ while they were ac­
tually controlling traffic. We were able t~ complete 2,626 men-days 
of observation during the course of the study, each day lasting ap­
proximately 5 to 6 hours. As collection cf data on a man took place 
every 20 minutes during this time, we made almost 40,000 individcal 
observations on controllers while at work. 

Nature of the Study 

The main goal of the study was to determine the nature and ex­
tent of health changes in the air traffic controllers and by what 
characteristics these health changes might be predicterl. We were 
interested in both physical and psychological health changes. As 
documented in the body of the report, we established rigorG"s cri­
teria for both classes of health changes, and defined health change 
operationally in such a way that the reader could understand clearlY 
what was classified as an illness episode. 

Many variables were included in the study as possible predictors. 
We selected men with as broad a range of experience and years of uge 
as possible. We selected men from two major centers_ the Boston 
Center in Nashua, New Hampshire and the New York Center in Islip, 
New York, and from Boston Tower (Logan Airport) and the Common IFR 
Room (Kennedy Airport), providing radar c~~rol for the entire New 
York metroplex area. We also studied 1n smaller facilities 
located at Bradley International Airpor< (Windsor Locks, Conn.), 
and at two enroute radar centers (Quonset Naval Air Station at Quon­
set Point, Rhode Island and Otis Air Force Base at Cape Cod, Mass.) 
and also included a few men from Providence Airport in Rhode Island. 

The data used to determine health ~hange were gathered in several 
ways. Men filled out e medical history questionnaire. t"eviewing per­
sonal and family health Listories, health habits and symptomatic com­
plaints and had an interview and physical exam with the study physician 
five times over the course of the study. During the same visit, chest 
X-rays and electrocardiograms were made, blood chemistries were mea­
sured and urinalyses ~erformed. We learned about most of tie mild 
and moderate illnes•es and injuries by sending each m&. a monthly 
health checklist on which to report illnes£ episodes, continuing health 
problems or injuries that occurred during the past month, as well as 
whether he saw a physician or was hospitalized. Psychiatric health 
change was assessed primarily in two ways: first, by use of a widely 
accepted structured psychiatric interview, th£ Psychiatric Status 
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Schedule (PSS), and second, by use of a monthly checklist designed 
to detect troubling epi~odes of depression or anxiety. 

From these source!'· of information, we were able to diagnose old and 
new cases of hypertension, along with the occurrence of major illnesses 
such as peptic ulcer, diabetes, etc. The vast bulk of the physical 
health changes, however, related to more short term respiratory ill:"'ess 
and accidents which were associated '41th moderate degrees of disability. 

The major clusters of predictor of risk variables incl.uded s~able 
person"li~y characteristi""S to determinP. tth.ather or not particul;.t.r 
traits raised one's risk for dev~loping •hysical or psychological 
problems. We were particularly interested in men's attitudes and per­
spectives about work, such as their feelings about the 11costsu of 
working as a controller in terms of its int~rference with the rest of 
their lives, their feelings 0f inveetment in the work, concerns about 
burtwut, ability to bounce back after periods of being away from working 
the boards, anxiety at work, and ability co cope with the po=obl>!""' of 
being a controller. We also employed a number of sta.1dard question­
naires to assess worker satisfaction and perception of on-the-job 
relationships in comparison with other groups. lr:e uere ipterested in 

• 

how competent, amicable and "idealn as a work team member each of our 
p~rticipants was as perceived by his coworkers. We also inquired about 
life changes individuals experienced through~ut the study inasmuch as 
major events such as deathS, marriage•, and divorc~ have been shown to 
place individuals at increased risk for physical and psychi1tric illness. 

The other major category of predictors assessed were responses to 
air traffic controlling itself. While they were on the job actually 
separl\ttng aircraft, we measured the controllers' blood pressurt! and 
endocrine responses at work and rated their overt behavior or Pr~usal 
while controlling. Work load variables were also· recorded, including 
the peak number of planes controlled, complexity of the controlling task 
in terms of planes transitioning, type of sector worked, type of position 
"'rked (radar, hand off, data, training or other) and number of obser­
vation polnts on the boards duriu& the study day. Thus, we were able to 
compare men with respect to workload on the days t~ey were studied, as 
well as on their subjective responses to work, changes ill overt behavior, 
blood pressure or hormone levels. 

The design of this study also allowed comparison of those who were 
promoted, those who were disqualified for medical or psychiatric ~easons, 
anci those who remained as active journeymen controllers to see if( any 
~=cdict~r variables coul~ discriminate ~lng these outcomes. We also 
C:eiined burnout operationally and determined what charac.teristicc 
accompanied it. 

Our main focus vas to search among this rather largr array of 
potential predictors for. what was indeed associated witr health change. 

• 
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Host of these variables were studied in a predictive fashion using 
data collected before the person manifested health problema. Some 
of the data, however, was collected over the course of the study, 
and for this data, any relationships found with health changes were 
concurrent associations. · 

Health Chanses 

Tlae largest single chronic illness condition among air traffic 
controllers was hypertension. The findings of this study parallel 
previous reporta which documented the increased prevalence and inci­
dence of hypertension in controller8 compared to other individuals. 
Reg~rdless of the criterion used to define hypertension, the ATCs 
had a significantly increased prevalence and incidence of h)~ertension 
over conpariso~ groups. Using a rigorous definition the average of 
two readings over ·:riterion levels on two successi-te visits to the 
physician, we found that about 32% (135) of the men entering the 
study already hsd borderline or definite hypertension. In addition, 
36 men developed hypertension during the course of the atudy. When 
other criteria were used such as that of the Framingham Heart Study, 
the controllers showed a substantially increased rate of hypertension 
compared to similar age males in this compari~on population. We 
concluded that there was an increased risk for.hypertension amooa 
the air tr.lffic controller population. Some of this increased risk 
was .lasociated with (but not neceasarily caused by) cardiovascular 
respanaivity to work, aa will be discuased later. 

A second major category of health change ~elates to the annual 
rate of mild to modarate illness. The average number nf acute health 
change episodes for the controller population was approximately 2.5 
per year. ii.;~·e-,er, l.ndl.vl.duala varied significantly with approxi­
mately 20% of the men averaged more than five ep~sodea per year and 
another 20% havi1~ had leas than one episode per year. These illness 
episodes w~re primarily nccounted for by upper reepiratory infections, 
.... inor or moderate injurba, non-specific viral diao1:dera, lind acute 
gastrointestinal syndromea. Although the occurrence of these mild 
or molerate !llneaoas did not present a significant risk !or future 
!Oortuity, they were associated with dguificant nUJabars of "Y• of 
restricted activity and could be expected to be a aajor source of · 
abaenteel••· ,.._ 

Although numbers were not largo enough to facilitate sisnificant 
st&Listical comparieona, .,,. d<<! r111d that there waa a slightly in­
creased risk for developing peptic ulcer 1n our population. ~. vere 
unable to study new case& of ulcer diaeaaa ayetamatically in term• 
of what variables were predictive of onset. . .. 

Although the IIH!.thodology for determining paycholoaical health 
change ia not aa standardized aa that for diagnoeina physical health 
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change, nevertheless we employed a methodology which provided ob­
jective assessments by psychology professionals of the prevalJnce 
and in'idence of psychiatric problems among the men studied, so 
that we could contrast men wt,o did and did not develop significant 
psychiatric problems during the course cf the study. 

About half of the men in our study had at least one psychiatric 
problem, as defined by our criteria, although most of these did not 
receive professional treatment. The most prevalent psychiatric 
difficulty was illlpulse control disturbanc:to~, reflecting the relat­
ively high number of men who manifestej an inability to control 
o~ert ange~, anti-social impulses, or illicit drug use. Alcohol 
use was quite high, but alcohol abuse was about the same as derived 
from other survey data. Anxiety and depression were experienced 
at levels equal to or less than that experienced in general popu­
lations of non-patients. The experience of psy~hiatric problems 
was not particularly related to FAA performance criteria. Hate 
role impairment because of psychiatric problems was experienced 
at approximately the same rate as among an urban community group, and 
therefot·e, we would conclude that mate role difficulties caused by 
psychiatric problems were not more common among air traffic control­
lers than among others. 

~redictors and Correlates of Health Change 

Hypertension 

We tested many variables to establish their ability to discrim­
inate men who developed hypertension during the course of the study 
froQ those who remained normotensive. 

One of the beet discrilllinators wa~ the systolic blood pressure 
responses to work. The men who showed stgnificantly elevated systolic 
and diastolic blood pressure on the job during t!l•ir first field study 
had higher riak of developing hypertension. This was prior to the 
diagnosis being mr,da by the internist. We also found that future 
bypartensivea were characterized by having lese nard driving, IIIQre 
Type a personality, and by having experienced:less life change in 
the past nine ~nths than the individuals who remained normotensive. 
As a group they were so~ewhat louer in marital r~sourcea. W~ nlso 
found that although their blood pressures in the clinician '• office 
were ntill normotensive during their first visit, they did ahav sig­
nificantly cl•vated blood pressures compared to those who rdmain~d 
not:motenaive. 

Not only at the first field atudy, b_ut at field stud~.ea throush­
out the three-yur aurveillan.-.s, the individuals who developed hypsr­
tenaicm during the et>urse of the study showed blood pressure res­
ponses to ~rk that were greater than the responses of thoae wbo 
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remained normctensive. Their average systolic and diastolic blood 
pressure at work was significantly elevated. Their blood pressure 
responses to and dt work were just as high as those who already 
were hypertensive uhen they came into the study. When the men did 
more work, those who develo'ed hypertensjon also exceeded their own 
average blood preo~ure level by a greater amount than those who 
remained normotensive. 

When we took into account all factors that were significant 
predictors of hyperteasion, i.e., psychological variables, blood 
pressure1 1evels in the physician's office on intake examination, 
as well as blood pressure responses to work, we could correctly 
predict 86% of new cases of hypertension and 82~ of those who re­
mained normotensive. 

Althoagh these result~ were clearly highly significant, some 
qualifications must be added. It is inappropriate to conclude that 
hypertension is caused by air traffic control work per ~· Our 
interpretation of these findings is that for individuals who are 
predisposed to developing hypertension by reason of a host of 
possible genetic and biological factors, exposure to air traffic 
control work increases the risk or perhaps hastens the rate of 
their developing hypertension. Given the increased prevalence and 
incidence of hypertension among air traffic controllers and the 
evidence that those who develop h]pertension have greater physio­
logical respOl\SiVity tO the WOrk enVironment, an appropriate COn­
clusion might b<> that air traffic controlling represents a risk 
factor interacting with other risk factors in development of 
hypertension. 

It is also important to note s~veral factors that were not 
associated with the risk for developing hypertension. Controllers 
who developed hypertension were considered neither more nor less 
competent than those who did not. They did neither more nor less 
work than those wh~ remained normotensive, nor did they spend either 
more or less time on position during the days they were monitored. 
With respect to the quality of their work, they were neither more 
nor less likely to r~ceive award•• nor promoted more or leas than 
those who remained normotensive. 

However, it should be noted that ~eveloping hypertension carried 
with it a risk for future disqualification. The issue of whether 
or not controllers should be disqualified for being hypertensive •I 
or for being treated for hypertension ahould be reconsid•ned. We 
found that the significant number of men who were hypertensive did 
aa much work on study days ond re~eh~d as high a freqnency of com­
petency nominations as thoee who r~ained normo.tenaive. We concluded 
that hypertension per~ did not interfere with a pe.rson's abilities 
to control traffic. 

• 

• 

' 

i 
I - ~ ,-.' 



·' 
j 
' 

. 

7 

Mild and Moderate Health Changes 

Although the illnesses and injuries that comprise mild and 
moderate health changes represent a much less serious risk to fttture 
health compared with hypertension, they do account for a very "ig­
nificant amount of time lost from normal activities. 

Four diagnostic categories accounted for almost two-thirds of 
all mild arad modera.te health changes - respiratory, acute gastro­
intestinal, non-·specific viral syndromes and injuries. As increased 
incidence of these differ~~t mild and moderate h£alth changes was 
assqciated with many similar factox·s, we combined their incidence 
into an average annualized rate of mild and m>derate health change 
and focused on determining those factors that predicted differences 
in this rate. We found that there was a tendency for men in the 
high illness group to be younger and to have less experience with 
the FAA for their ages. Men in the older groups tended to have 
less minor illness compared to those in the younger group. 

The men "ho experienced more mild and moderate health change 
were more invested in their work, and they stated that ATC work 
"cost" them a lot subjectively (expenditure of efforts to adjust). 
They reported increased symptoms of anxiety before, during and 
after worlt.. As with the other variables diacussed, their ratings 
of group morale, made before the collection.of illness ~sta, ~as 
lower. The high illness group also reported least sat1.sfaction 
with management atm consistently rated their supervisors as showing 
less than adequate amounts of conside,ation for others. 

Men in the highest illness group were least often chosen as 
the most amicable or as ideal team members by their co-workers. 
However. they were not considered less competent by peers, !ndicating 
that competence per ~ 1s not associated with the riel: for more 
illness. 

Men who hsd higher illness rates were found to be oore Type A, 
i.e. , more competitive, hurried, and achievement-oriented t•tan 
those with lower illness rates, who wc~e mnre Type B. 

0t1e of the strongut predictors ot! total mild and moderate 
1.llneaa rates waa the amount of life change and life streu encoun­
tered in the period of time immediately preceding the collection 
of illnesG data. Those with higher 11\ness rates had more life ,, 
changes that distressed tl.am. ' 

The men with higher illness rate~ ~lso differed significantly 
in terms o£ their cardiovascular and en1ocrine responses in the ... 
field. The high illness group showed significantly lower lev&ls of 
plasma cortisol at work and were more likely to drop in plasma 
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~ortisol levels when there was an increased amount of work, cc~pared 
to those in the lower illness group~ Those men with more illnesses 
also had lower blood pressure variability at work and, similar to 
cortisol, showed a diminished responsivity in terms of cardiuvascular 
changes with varying levels of work load. Both of these findings, 
however, were not predictive i.n that the lower cortisol and lowered 
blood pressure variability were observed in the same periods of time 
as the occurrences of illness~ H~~ever, men who developed more ill­
ness h&d a low£r level ~f cortisol during the first field study before 
illness data were collected. Thus, it is likely that the diminished 
cortisol responsivity is a predictive as well as a correlational 
finding. 1 

It is also of note that men who showe~ lower cortisol and blood 
pressure variability during work and an incnased rate of mild to 
moderate illness also tended to minimize the·.r estimate of the amount 
of work performed on a given day during field study. In contrast, 
those with higher l•,vels of cortisol and hi.gher blood pressure vari.a­
bility tended either to report accurately or to exaggerate the amount 
cf work done compared to objective indices of work load. 

The fact that individuals who showed lower physiological res·­
ponses also tended to minimi.!:e the amount of work they were doing, 
and were often among those with more frequent illness, suggests ~hat 
this increased frequency of illness was not primarily a reflection 
of a tendency to exaggerate or complain. Other checks that were 
~de supported this conclusion. 

We found no relation&hip between a "faking bad" scal.e on the 
California Psychological Inventory (CPI) and various measures of 
job attitude. This findir~ suggests that the ATCs responded honestly 
to questions cor;cerning their job satisfaction and their an•we·rs 
were not part of an attempt to exaggerate difficultl~s as measured 
by this scale on the CPl. 

We also found that when we compared reported gutrointeatinal 
aymptoma with measurements of serum pepsinogen level, indivi<luals 
who reported continuing gastrointestinal prob~eiOS had sigt~ificantly 
highe~ levels of serum pepsinogen than others. Tilia sup~or•:ed the 
interpretation that they were not exaggerating their aymptons, but 
were experiencing greater Gl diecreu. With r.oapect to upper res­
piratory infactions, we found that among those persons who had 
greater frequency of this illness. there was ~.ncrUA!!Ied. use of medi- (' 
cal care and increased proportion of episodes involving 4 or more 
days lost from usual activities. In addition, reports of URI symp­
Loms followed known sesaonal vari~tions. There was no relation­
ship between the avera~e annual raLe of illness and scores on the 
MMPI hypochondr·iasis and hysteria scales, indicating t.hat ~treater 
frequency of symptom• reported was not a reflection of a psycho-
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logical ?ropensity for complaint behavior. Actually the.air traffic 
controllers in our study had a lower score on the hypochondriasis 
scale than the ~I standardizing population. 

To s\.1I3tlarize those vari.ables most related to ATC work, men in 
the highest illneRs group tended to be more invested in their wJrk 
but felt that it cost them a lot, had lower satisfaction with manage­
ment, had lower group morale, and were more dissatisfied with their 
supe"isors. 

Psychiatric Pr.oblems 

~lightly over one-half of the men expe~ienced one or ~'re sig­
nificant psychiatric problems during th<: three years. This linding 
was not anticipated in light of the information gat~ered at tn~ake 
when controllers were not found to have a great exce~s of psychiatric 
problems except for the relatively high rate of impulse control dif­
ficulties. However, ao the study continued we found that more men 
developed problems and although a relatively few number of men showed 
chronic pr<'blems throughout the entire study, a significant .. unber 
did show some prol•lCL' at one time or another. These data suggest 
that the developmLnt of a psychiatric problem was not limited to a 
ve·.":y small parcentage of controllers, but that over time a larger 
nu;,ber of the men did develop some difficulty, even though it may 
ha<re been resolved by the time of a later examination. This msy not 
he a finding specific to air traffic controllers, but we cannot make 
c~mparisons with other groups because no other occupational group 
has, to ouz knowl~dge, been studied so intensively over so lona a 
period with the PSS. 

Pive areas of psychological ?roblems were assessed systematically. 
The first was subject.ive disttese,. involving significant problems of 
depression, anxiety, disturbed daily function, dieturbed eating and 
sleeping. Over the three years, only 12.5% of the men had, or devel­
oped, a problem in this arell. Another Clajor type of psychia.tric 
problem assessed was impulse control disturbances: the inability 
to control overt anger, anti-social impuls~, and illicit drug uae. 
Although illicit drug use was not serious among controller~, there 

were significant difficulties in controlling anger and anti-aocial 
~ulses. We found that 12.7% of the controllers had significaut 
impulse control disturbances at the first exam at intake, and. over 
the three years, 30% of the controlle~s develo~ed significant impulse 
control disturbances at least once. We also evaluated wor~ role 
disturbances a~soc;iated with psychiatric problema and assessed dtf­
ficulty in ms.te role relationship. rwenty percent of the controllers 
did experience a~e mate role p<oblema over the three years in the 
study. 

Alcohol use was high. Over 50% of the controllers were claasi-
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fied as heavy drinkers, a higher rate than that derived from survey 
data. llowever, only 7.5% of the men at intake had significant prob!.ems 
in alcohol ~ despite the high use of alcohol often associated 
with social drinl<.ing after work. Only four men had physiological 
symptoms of alcoholism, a low rate of 1%. 

Although these data clearly support the ~onclusion that there 
was a significant amount of emotional distress in our controller 
population, perhaps the impact of this area of difficulty can best 
be appreciated by the relationship between the ftrJings on our psych­
iatric evaluations and the rate of medical disquallficatious. We 
found that of all the men who cocp~eted &11 5 of the psychiatric 
evaluations in this study, 20 wern subsequently medically disqualified 
by the ~AA. Of these 20, 19 were found to have had •ignificant 
psy~hiatric problems. Thus, the risk for disqualification was 
greatly enhanced in those individuals who developed psychiatric 
problems. Some of those who were disqualified had psychiatric pro­
blems at intake and hence, this was a correlational and not pre­
dictive finding. llowever, those -.. i.u developed psychiatric problems 
during the course of the study ~lso bad a significant risk of being 
disqualified latP.r and hence n pre~ictive relationship was also 
suggested. 

There were many variables that p~edicted psychiatric problema. 
Although the predictors as&essed at intoke were not uniformly associ­
ated with all five problem areas (subjective distress, impulse dis­
or~ers, alcohol abuse, mate and work role pathology), there were a 
suff1~1ent number common to more than one area so that a general 
pattern emerged. 

The mer. who developed psychiatric problems were significantly 
lower in their satisfaction at work, their ti~tiafacti~n with co­
workers and their ability to dischArge tensions following work. 
Similar to the finding for mild to moderate illnese, these men had 
high investment in work and reported high subjective cost associated 
with beinG air' tr&ffic controllers. TheJr also reported an increased 
tendency to cope with stress on the job by drinking aft~r work and 
showed lower 111110unte of coping by other activities such a.e physical 
exerciPe. 

FTDB the parspecti~4 of atehle personality characteristics, they 
also showed more T}~e A beha•~nr - mor~ competitive and hard driving, 
and u.perienced more life cltange in the period of timf> prior to th" 
development of ~roblems, Thus, in many ways the men who develop~d 
psychiatric pt'Oblems shoved significant similarities with those wllo 
had higher rate of mild to moderate illness. One might a~k, ther~ 
forl, ~f these vere the same men. Were difficulties in the psych­
iatric area and medical "rea showing up in the same individuals? •• 
Wae there one healthy and one sick group. Thi8 'turned out not to be 
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the case. The men who developed psychiatric problema did not have 
significantly more mild or moderate ill~esses, nor did they have 
more hypertension. We found essentially no relationship between 
these three major categories of health outcome. That is to say, 
the men who developed hypertension were no more likely than others 
to have mild and moderate illnesses and no more likely than others 
to develop psychiatric problema. 

This finding supports the specificity hypothesis in psychosomatic 
medicine which, simply stated, emphasizes that different individuals 
will develop different problema despite the fact that they may be 
exposed to similar difficulties or similar problems in their psycho­
s~cial environment. For psychiatric illness and mild to moderate 
illn~s, several common themes clearly emerge. The work environ­
ment seems to be more implicated in the risk for developing health 
change than the work activity itself. Men who developed more ~ild 
or moderate illness or who developed psychiatric problema did neither 
more nor less work when observed during the field studies. They 
s~ent neither more nor less time on position nor did they control 
•~re or fewer planes. It was also noted that they were not considered 
less competent by their peers, although they may have been.less fre­
quently chosen as 8111icable ot' less likely to be .!'ominsted as an 
ideal team member. Because of these findings, one may not conclude 
that individual.s who develop more mild or moderate illness such as 
flu or psychiatric ~roblems were poorer controllers or did less· 
work. 

One is led to the conclusion that t.hese individuals are more 
at odds with thei:< work •nvironment. Ali noted, they are "hen highly 
invested in being controll•r• although they find themselves less 
able to discharge tensions a•sociated with work. H~o~e they find 
that functioning as controllers is associated with &n increased cost 
in terms of their personal lbea and psychological health. Til:ts 
finding of "It's not so much what they are doing as the context in 
which they are doing it" holds definite impl1cst1ons for changes 
that might be considered in the JOrk environment to reduce the risk 
foe future morbidity. 

Job OuteOI!e 

We analyzed our findings to aee if we ~ould predict job outcOIIles 
that c1 :lSrly invol"".; important career changes. We looked at i!ldi­
viduala who were disqualified for medical reasons during the course 
of the study, thoae who were promoted, and those who dev~loped signs 
or symptoms of burnout. •\ 

~- ~ompared the diaqualificotion rate for our controller• with 
that of controll~rs from the same facilities who ware cot studied, 
and found significant !!ifferences. It "'as clear that our controllers 
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exper-ienced a lower disqualification rate as compared to those not 
studi_ed, althllugh we were not able to control statistically for age 
and years of experience ir. th£ cwo groups. This finding suggests 
t~1at at least our men were not sicker or in wot·se health than those 
wh~., were not studied and also suggests that our findings are on the 
ca~servative side. If we included those other men who were not in 
our study, we might have found a higher disqualification rate. We 
also found that the men whom we studied had J.. 7 times the promotion 
rate of those not studied. This finding also suggests that we may 
well have studied controllers who were as good as, if not more com­
petent; than those in the SEWle facilitie.a ·~ho were not studied. 

lien in our study group who became dtsqualified were nominated 
less oftSn for ideal team choices and we.re also nomin&.ted less often 
for competence. They showed lower investment in their jobs compared 
to those who remained active j ourneyr1eu. Tht!y also showed lower 
marital resources and were different em four scales of the CPl. They 
had diminished feelings of well being, lower responaibility, lower 
tolerance, and lower intellectual efficiency. As some of the men 
were disqualified following the firot rc>und, and were already in 
disqualification procedure, their answers at the entrv exam were no 
doubt in some ways affected by the proceedings underw~y. 

We were able to compare the 49 men who received promotions to 
supervisor during the course of the study with those ~ho remained in 
the study and were not promoted. Many factors that predl.cted promotio,, 
were consistent with expectat3~Jn. The controllers· who were pt·\.)1DOted 
were slightly older and had slightly more years of experience. 1ll"'Y 
were highly invested in their job and they were also chosen more fre­
quently by their ?eers for increased compelence as controllerd. They 
shoved higher self and group morale and more a•tisfaction with manage­
ment policy, specifically satisfaction with ptvmotion and pay. They 
were higher on the dominance scale of the CPl. They were also more 
Type A, with more job involvement and more hard driving behnvior. 
However, the controllers who were prosuoted also manifes...-- inereaaed 
concern for burnout during the entry examination. They reported that 
they had less ability to bounce back to full controlling capabilities 
when the workload changed from light to heavy and were more likely 
to burnout than those who remained active controllers. This increased 
concern with burnout occurred 4t about the same time that they received 
increased competence nominations. Therefore, one might conclude that 
although their peers rated them highe~ than those who were not pro­
moted, th• men themselves reporte~ increased concern about burning 
out and less ability to bounce tack on the job. ,, 

I~ summary, these data support the view that tha controll2rs who 
were promoted were doing a good job as-judged by their peers, regarded 
as more competent, were highl~r involved in their work, vere more 
satisfied with manag.,ent, we-re slightly ulder 111nd had more axperience 
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and were more ha~d driving. However, it is also noteworthy that 
they showed increased concern about burnout despite the fact that 
they werr: considered more competent by their peers and were chosen 
for promotion by management. 

We were interested in knowing whether or not we could disr.rim­
inate between those who developed Ournout and those tJho did not 
by means of data collected in the first two rounde of exam. W 
found that those individuals who later developed burnout, by our 
definition, scored significantly higher on a number of positive 
factors or variables early in the study. They had more vigor, 
friendliness, and elation on the Profile of Moods State (POMS). 
They showed less anxiety regarding work and a higher tension dis­
charke rate. They coped by drfnking less often and showed less 
anXiecy. They also showed more asse~tivenc~s (interested in doing 
a good job as a controller) and they sho~ed Aore coping by physical 
activity. It thus appeared that individual• who later developed 
burnout showed more psychological health early in the study than 
the ccmparison ~roup. They did not start ou e as dissadsfied or 
having more anxiety but rather were committed and, frollt their own 
estimetion as well as that of peers, were functioning as well or 
better tha~ others. 

However, the men who develvpea. burnout by P..ound 5 showed an 
increased incidence of subjective distress, It is apparent that 
although they started out feeling good about themselves and scoring 
low on psychological distress in the beginning, during the course 
of !.l:e study they showed increased psychological problems. 

Ic is notal)le that in•lividuals who dev.,loped burnout did not 
show any differences in the average amount ~~ work done or in time 
spent on position during field studies. Furthermore, they stewed 
no ·diffet'e~J!'!es 1n physiological measu':"es taken at work, i.e., cortisol 
levels or blood pressure responses. Nor did they show a higher inci­
dence of hypertension or higher incidence of mild to moderate loelilth 
change, From these data it is app11rent thst:·their !lhyaical health, 
at least during the three yea~s that they were studied, did not show 
deterioration, Howev~c, as their burnout statU» was asaociat&d with 
increased incidence of psychological problema, if they were followed 
for a longer period of time, the effect of increasing psychologies! 
problems m!.ght place them at risk for future medical disqualification. 

In some ways the man who developed burnout showed some of the 
characteristics ob~erved in tho men at intake who were later promoted. 
This &1J$getlts that c0111petent c~•ltrollers can and do experience,,concern 
about burnout and as a matter of fact, air traffic controllers with 
such concerns may frequently btl. represented among ind1.vidu.als who are 
promoted. Thea& findings suggest that burnout 1e not necessarily 
characteristic of individuals wo ere considered lou ccmpetent •· 
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controllerst but may be related to an apprehension that one will not 
be as good as one has been, and will fall in the estimation of one's 
peers. The anticipation of this fact may function in so~e ways as a 
self-fulfilling prophecy such that some of the men may convince them­
selves that they will not function as well and, in time, it turns 
out to be correct. 

~~plica tiona 

Our study was oriented toward the task of discriminating between 
men who showe<i a deterioration in h.ealth and those who remained 
ess~ntially without symptoms or illneRses in any given category. 
For aome of the illnesses we observed, such as hypertension, we 
could compare controllers to other groups. With respect to psych­
iatric illness, this was more difficult as prevalenc<> data is no.t 
as readily available. 

We did finJ that the controllers had more hypertension than 
other groups, and possibly some forms of psychiatric problems were 
also more prevalent. However, the implications of our findings are 
based primarily on the differences we observud between men who deve­
loped health changes in a given area and th~:>e who did not. 

Our findings are in many ways different from our expectations, 
especially with regard to the predictors of psychiatric illness and 
mild to moderate physical health problems. However, despite the 
fact that different men had different illness problems and relatively 
few had no problems at all, several themes emerged from our data. 
One cannot help but be impressed that controllers who perceived their 
work environment negatively, who were dissatisfied with wo~k, with 
~heir co-workers, or with the FAA, showed a significantly increesed 
risk for developing either psychological disorders or mild medical 
illness. We did ~ot find that those men who developed more physical 
or psychologir.al problems spent less time working, nor were they 
rated less competent by their peers. We did find tha~ they felt 
estranged or alienated irom their work and this occurred despite 
the fact that they said they enjoyed air traffic controller work. 
They were usually more invested in doing a good job, even though 
they could not discharge their tensions well after work, and too 
often they used alcohol as a way of coping. 

These findings sugg~Pt that it was not ~o much what they were 
doing but the context in which they were doing it and the attitudes 
and feelings they had about their situation that influenced their 
risk for iuw.lth change. We were surprised by the relative importance 
of attitudes about work in predicting health change, We had eiPected 
that the work load itself during field •tudies would have stronger 
predictive pov.er than it turned out to have. The consistency of 
these results, which might be summarized sa the alienation cont~ollers 
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experience from their work environment, s·..1ggests that changes should 
be made in this environment and in the way it is experienced. We 
.believe that dissatisfaction with FAA management policies are a 
signifi~ant problem and represent part of the negative set ~ssociated 

• 

with an increased risk for hP.alth change. • 

We also believe that some of the divisiveness that the control­
lers experience· may in part derive from union-management interactions. 
Thus, despite controllers' perceptions of many positive benefits 
derived from the growing strength of PATCO, some of the alienation 
and divisiveness controllers often experience may be an unexpected 
a~d unwanted side effect of the adversary =elationship between union 
and management. One of the recommendations for change coming from 
thid study is that attempts be made to improve the work environment, 
to diminish the degree of dissatisfaction cr alienation that control­
lers f•el. Our interpretation is that this is not solely a matter of 
working hours or of pay, but that there is a ne~d to improve the 
communication between management and individual controllers and to 
attempt to limit the adversary natur.e of thelr relationship. It is 
our view that this could be acc~plished by a cooperative effort 
between the FAA and union management and that individual controllers 
would significantly benefit from such a reduction of controversy in 
their work environment. 

The predictors of hypertension are in ~ different cluster and 
have different implicatiOns from those predicting p~ychological prob­
lems and mild or moderate illness;..s. Air traffic control work 2er 
se has a closer relationship to de:.;elcpment of hypertcansion tltan for 
Other illnesses. Individuals who developed hypertension did not report 
as high a degree of work dissatisfaction or gene~al alienation with 
management as those who developed other problems. It does appear 
that for individuals who, for a variety of genetic and as ye.: poorly 
understood biological factors are preaisposed to develop hypertension, 
increaded wo~kload adds to the risk for developing hypertenoion. 
'lhese men do silow greater blood pressure responses to increased work 
and this increased cardiovascular responsiveness to work is a major 
predictor of developing hypertension. This finding, taken along with 
the observation that hypertension is generally more prevalent ~ong 
controllers than Among others, suggests the possibility that inter­
ventions might be attempted on an experimental basis to try to mini­
mize thi3 increased cardiovascular responsiveness. Perhaps contr~llers 
could be taught procedure.s to minimize cardiovascular responses to 
work. by using relaxation or biofeedback techniques. Various inter­
ventions might t..e employed on a trial basis to see whether any u·ight 
be effectiv~. ,, 

Other interventions of more proven benefit stould be provided on 
a voluntary basis to attempt to reduce psychiatric morbidity. For 
example, provision might be made for counseling of indiviauals who 
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are at increased risk for developing psychological or physical 
health. 

By the time an individual becomes a journeyman controller, he 
has undergone three to five years of training as a developmental. 
There has been a considerable investment of time and money to help 
him acquire his controlling skills. Our data support the notion 
that controllers are concerned with burning out and being less able 
to control aircraft efficiently. The period of maximum productivity 
as ~ontroller is a limited one, perhaps 10, 15, but not more than 
20 years. Medical disqualification is a problem for the individual 
controller and represents ~ significant burden financially to the 
agency and the government. It is one of our conclusions that inter­
ventions be attempted to maximize the period of time that controllers 
can function productively. A variety of interventions might be con­
sidered, and we can do no more than suggest th~~ as our study was 
not primarily oriented toward a trial of interventions but toward a 
determination of the nature of the problems ar.d the factors that 
might predict them. We know that individual controllers who are at 
in.creased risk for psychiatric problems can be identified early and 
prcvided couns~ling or treat.~ent. We feel that some selection pro­
cess might be employed to select controllers who are more mattire, 
with a lower propensity for impulsiveness. Some interventions to 
reduce blood pressure variability iL' those contrcllers 1o1ho exper­
ienced it at work are worth trving 1:1 an effort. to delav the onset 
of hyperte~sion. These are strateg1e~ design~d t~ help the indivi­
dual controlleru. 

Our data also suggest anot!1er intervention no:: oriented toward 
the individual but toward the relationship of the controller to 
management and the agency. There seems to be coru>.iderable general 
dissatisfaction among the controllers with FAA management. Those 
who showed the most dissatisiaction towards work, co-workers, and 
the FAA had a significantly increased risk for health change. We 
feel th\t some union activities may inadvertently have contributed 
to the alienation and divisiven~ss many controllers experience in 
the ongoing adversarial relations wi•h ~he agency. We therefore 
suggest that an organizational develcl"""nt. program be undertaken 
with joint union management cooperation to improve work life. If 
successful, such a change might be moat benefici&l for reducing 
the risk for future health change among c~ntrollera. •• 
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A. Background of Problems and Rationale for the Study 

This study of health change in air traffic controllers was 
preceded by years of controversy over alleged difficulties and 
effects of the work on the health of the controlleo:-s. Although 
the popular press gave dramatic attention to the struggles of air 
traffic controllers to perform their job through manifold diffi­
Culties, emphasizing the negative effects on the health of these 
men, no comprehensive Study of the physical and psychological 
health changes in controllers had been made. Several events 
oC~urring in close proximity, however, focused on a need for such 
a study and led eventually to the initia~ion of the present study 
in 1973. 

Although air operations in the United States had increased 
100% between 1960 and 1970, the number of .qualified controllers 
increased only 10% during that same period, according to Federal 
Aviation Administr>tion (FA.\) data (Walton, 1977). This discrepancy 
arose in part be.C::ause of the length of t.raining required and in 
part because of a moratorium on hiring during the previous several 
years. As a consequence, journeyman controllers were required to 
work extra shifts, long hours, more aircraft per controller, and 
often without even a lunch break. By 1968-1969, the increase in 
difficulties resulted in a series of work slowdowns,· in which con­
trollers enforced air traffic regulations strictly,. regardless of 
the inccnvenience caused. In addition large numbers of men called 
in sick over a period of several mpnths, exacerbating the effect 
of the slowdowns. When the Jabor-management disputes were settled 
sufficiently to get air traffic moving again, a commiss-ton was set 
up to investigate many of the issues that had been raised. The 
commission's findings were published in the Corson Report (Corson 
et al., 1970), and among a multitude of recommenUations was one 
which suggested that the FAA nee~ed to document not only the degree 
of job stress in air traffic control work, but also the impact th1s 
stress might have on the physical and psychological health of con­
troller•. 

The Office of Aviati.on Medicine at the FAA "nd the Professional 
Air Traffic Controllers 0rganizat1on (PATCO) su~sequently sponsore~ 
several studies in an attempt t~ answer some of the questions raised 
in the Corson Report. 

One of these studies (Gobb and Rose, 1973) ~as a retrospective 
comparison of illness rates nmong controllers with those of oth~ men 
involved 1n the aviation industry. Th~ retrospective compariacn was 
rade by examining the medical records of 4,325 air traffic controllers 
and cr.o~e of 8,435 other men involved in the aviation industry. Com­
parable records were available because both ~roups of'men were re­
quired to obtain yearly medical examinations from the same group of 
designated physicians (Aeromedical Examinet·s) for relicensure in 
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coamercial or general avia·;.;ion. Thi!1 medical record study revealed 
a number of important differences betwe~n the controllers and the 
others in disease prevalence (existing cases) and disease incide.nce 
(new cases). 

The largest difference beeween controllers and the other ~via­
tion group occurred for hypertensive disease. The controllers 
were found to have 5.6 times the incidence of new cases of hyper­
tension in 1969 to 1970 that the other group of aviation men ~ad. 
The prevalence of diagnosed hypertension in the. air traffic con­
trollers was found to be 4 times that in the control group. Some 
of the difference in the prevalence ratt! could have bf"Pn attribut­
able to a preselection factor since 17t of candidates for r~~.dicen­
surP. in auiaticn jobs other than controller had been disqualified 
because they had pre-existing hypertension, and were not, there­
fore, in the control group. In contrast, only 3% had been excluded 
because of pre-existing hypertension frt>m the air traffic: control­
ler group. However, the six-fold diffexence in the incidence of 
hypertension could not be explained by the possible selection bias. 
That is, the occurrence of n~f cases of hypertensiJn was independ­
ent, by definition, of any possible bias before relicensare, all 
men in-both gr.oups starting of.f after relicensure with a clean 
bill of health. 

Controllers were found to have ulcer disease and diabetes more 
frequently than the control group, although the comparative rates 
of the4e diseases were less dramatic than hyperten!ion. Th~~e 
findings strongly suggested that a prospective study should be 
u~de~taken to clarify what factors might be relevant to the increased 
rate of illness fro& these dis~ases among controllers, aa well as 
to determine risks for other health chang~s. 

As 2 result of the COrson Report, the severa~ ~etrosp~ctive 
studies, and the limitations inherent in existing ftnding&, a five 
and one-half year contract was awarded to Boston Uu!versity School 
of Medicine in 1973 to conduct a biomedical, prospective study to 
determine the kinds and degree of health changes occurring in air 

. traffic controller• and the extent to which these health changes 
might be predicted by other factors. 

' ' I 
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B. General Hypotheses and Sper.ific Issues to be Investigated 

The study wa~ designed to assess the individual and inter~ 
active relatiorship between health change and the following major 
factors, whose relevance was su1gested by availabl~ information: 
work environment, years on the job, physiological differences in 
response to st~ess, occurrenc2 oi significant life ~venca, work 
attitude and mocale, availability and •Jsefulness of psychosocial 
supports, job commitment, job performance and enduring personality 
t~aits and characteristics. Moreover, it was specified that the 
fact¥&1 data collected and the interpretation of the daca should 
be in a form readily addressable to the following questions and 
issues: 

1. What is the nature, derivation, ~xtent and significa~ce 
of health change~ among air traffic control~ers? How 
do these health changes aff.ect performance and career 
longevity! · 

2. Do controllern ~xperience stress? If so~ what is the 
nature and el'..tent of th~' stress? How much is related to 
the job? What cause~ tt? To what job conditions, in­
cluding social and psychological forces or factors, does 
it relaLe? 

3. To what extent do ~anagem~nt, supervision and manpower 
management policies, practices, programs or rrocedures 
contribute t~ health changes and especially to the degree 
of stress prenent in the air traffic controller job; e.g., 
does how wnrk is defined, work schedules, hours on duty, 
and the length of work periods, etc., relate to stress, 
and if so., how? 

4. Are ther'! predictive factors or measures that could be 
applied before employment of air traffic controflers 
which w<Juld indicate to management officials which candi­
dates might be more prone to deleterious health changes! 

s. 

6. 

Are there ways by which individuala can be identified 
who mted counseling ar help due to their increased poten­
tial risk Cor illness! Is this risk increased because 
of their particular person,.,litiea' their rami!y problema 
or the nature of the working environu,ent they are in? ,, 
Uow do the stress levels in t~le air traffic occupation 
compare with other occupations, e~g., pilots, business 
executives, etc.? Althoug~ the data collected in thia 
study may not provide for direct compari•on of air traffic 
ccmtrollera with other individuals in other occupations, 

' 
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attempts t~hould be made to compare the results that are 
obtained with those from other investigators studying 
other occupations. 

7. Is there a 0 bt!rnouta phenomenon? lf so, what is it? 

a. can the individuals who are more prone to early 
physical deterioration be identified? 

b. Can we identify work situations that are more prone 
to produce widespread early physical deterioration 
thAn other wor~ situations may be, so that early 
cOlJOSftling and other career possibilities can be 
identified and considered? 

Although specif!: questions and issues of concern to the FAA 
were framed for our information, we were directed to proceed with 
the study of factors we considered to be relevant. We attempted 
to heed, however the advice that our data should be presented in 
a way that would allow these questions and issues to be answered 
by the sponsors (FAA) and collaborating supporters (PATCO) of the 
study. 

• 

• 

• • 
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C. Overview of Method~ 

Previous Research Findings Pr~viding a Focus for the ATC HCS 

The concepts thst social, psyt.:hological, vocational, environ­
mental and other events may influence health is an ancient one, 
but more intense interest and increasingly rigorous scientific 
studies energed only relatively recently. Flanders Dunbar and 
other clinicians and researchers who were interested in what is 
now known as psychosomatic medicine reported numerous clin~cal 
case histories from which clues emerge~ regarding potentially 
relevant variable."J to be •tudied syntematically (Alexander, 1934, 
l939; Cobb, 1943; Dunbar, 1954; Hinkle, et al., 1957, 1958; Engel, 
et al. ,1956). Based on the many "'lggestive findings of these 
earlier investigators, recent rchers have selected and rigorously 
pursued certain areas of investigation which may b~ crucial in 
determining the extent to which social and psychological factors 
influence health (Weiner, 1977). Included among these crucial areas 
individual differences in hormonal (Wolff et al., 1964; Mason, 
1968; Rose et al., 1968) and cardiovascular (Murawski et al., 1968; 
Riess el al., 1968; He~d et al., 1969; Reiser ,tal., 1962) responses 
to stressful stimuli, the impact of life events (Rahe et al., 1964; 
Rahe, 1968; Dohrenwend and Dohrenwend, 1974), individual differences 
in ability to adapt to changes in environmental demands (Carlestam, 
1971; Stokols, 1972; H.,ry, 1956; Sandberg and a~~,;ing, 1976), and 
individual differences in behavioral life styles (Paffenbarger, 
1968; Jenkins, 1971; Jorgensen and Gyntelbe<&, 1976). Most of 
these ~re&s have, besides important ~~eoretical underpinnings, an 
associated mechodology for reliable measurement. There 1s evidence 
thilt each of these areas mey be related to the risk f ~·r t'uture 
healtb change. Given reliable methodology and , . .,~.ience of their 
relevance to health change, these areas served to focus our selec­
tion of variables for this "tudy. 

Epidemiological Model - Population at Risk 

In order to assess the contribution of biol~gical, psychologi­
cal allll social variables to risk fot· future illness among air 
traffic controllers, an epidemiological model wa& chosen in plan­
ning tbia study. Implementation of the resaarcb ~del would re­
quire that •:he etudy be prospective and lonsitudinal !n design, 
with concurrent measurement in all of the partic!pants of all 
variables considered to be relevant and thst the data to be col­
lected would be sp€cified in advance. In addition, all subjecto 
would receive equal surveillance for the detection of any ill~ess. 

' The atudy was to be baaed "n a probability •""'Ple of journey-
man controller A fro" variouB f~>cil1H·.'B it. New Yo~k and N"" England. 
The overall samplln·~ procedure !s at.-,m in. Table 1. Since we •.. 

t 
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Ov~rall Sampling for 
the Air Traffic Control Speeja!jst (ATCS) 

Health Change Study 

NOT foL!GIBLE 

N • 213 

• 
NOT SAMPLED 

N • 138 

I 

NON-VOLUNTEERS I 
N • 112 · 

. BECAME !Nf:L!GIBLE DUE 
TO PROMOTIONS, TRANSFERS 
Qnd MEDICAL DISQUAL!fl· 
tATIONS 

.. t: • 19 
-

L
Total Complement of\ 
Journeyman ATCS's 

N • SqS 

Eligibility Requirements of 

Age and Experience 

SAMPLE ATCS!s 
N • 547 

Request for Volunteers 

~~ 
PARTICIPANT ATCS's 
COMPLETING INTAKE 

N • 416 

j 
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wished to assess the possible independent influence of age and 
years of experience on the joD upon the risk for becoming ill, .,e 
attempted to dissociate age and yearF of experience, although the 
two are highly correlated. We therefo1·e sought to include as many 
younger men as possible with many yearo of experience, as well as 
older men with fewer years of experience. In addition, we ~eeded 
to study men who would continue on the job over the course of the 
study. Therefore, trainees (who might be washed out) and men who 
could retire before the end of the study (by becoming 55 years of 
age or by having more than 20 years of experience) were excluded. 
Journe}~ controllers assigned to positions without continual 
responsibilities for actively separating aircraft (supervisors, 

• 

1 data specialists, and so on) were ~xciuded because they were ~ot 
eXposed sufficiently to the main risk factor of the study: co~­

trolling aircraft. Finally men on medical waivers were not eligible 
because of their pre-existing conditions. 

After we applied these criteria,. 6SS men were eligible for the 
study. Stratified random samplinr, was applied to maximize the age 
and experience dissociation. A sample of 547 joulneyman air traf­
fic controliers in selected sites in New England and New York was 
identified. After extensive briefing on the nature of the study, 
435 men volunteered to participate and signed informed consent 
forms, a 79.5% volun'teer rate from the 547 .men invited to partici­
pate. For various reas Jns (see Table 1), 19 of the 4 ·;s volunteers 
dropped out and 416 (95.6%) completed their intake e7aminations. 
The average age o"f the 416 participants was 36.2 ye":trs with a range 
of 25 to 49 years. In spite of the ~ifferences in •~pling, this 
figure compares well with the average of 36.6 y~ats reported by 
Karson and O'Dell (1974) for a national sample of 1~,047 center 
and tower controllers. The average yesrs of experience of our 
sample ~as 11.2 with a range of 3 to 20 years. 

Although it would have been more desirable to stcdy a national 
sample of controllers, the logistics of the study dictated that 
facilities froa which men were drawn should be restricted to the 
New York and-~ew England regions. The participants were drawn to 
represent both major co~egorics of facilities where most control­
lers work - cente·rs and tower.s (airports}. Among the Air Route 
Traffic Control Centers (ARTCCs) responsible throughout the country 
for separating aircr.,ft en route from one airport to anothet:, the 
Center located in Nasbua, Pew Hampshire controls most of the air 
space over New England. Vne hundred and seven men (26% of our 
sample) volunteered fr= this facility to participate l.n our study. 
!he other Center from which men were selected to part1~4 ate is 
reRponsible for the a-:.r space betw~en the New England and Wakhing­
ton Centers, includir~ New York, mo~t of Pennsylvania and New Jersey 
and parts of other states. The New York ARTCC Ia located in Islip, 
Long Island, and is one of the busiest Centers in the country, 
averaging approximately 401. more operatl.ona p<r year than in New 

• 
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England. The !kw York ARTCC ?<ovided 41% of our sample, or 172 
men. The remaining 33% of the sample (137 men) were selected from 
the Boat~n Tower at Logan Airport (34 men), from the New Yor:t 
Common IFR Room (66 men), which provides radar control for the 
entire New Yorlt'. City .area, and from a number of smaller facilities 
with less dense air traffic, all located in New England. A total 
of 37 men were drawn from the Hartford-Springfield Airpo<t (Bradley 
Field), Otis and Quouset tadar facilities and Providence Tower 
(Green Airport). The tot&l selection re9resented facilities with 
higher and lower traffic den~~cy, including centers, airports and 
small r•~4r en route facilities (TRACONs). A summary of the sam­
pling results by facil"". ty, age, and I.!Xperience groupings is given 
in Table 2. 

Throughout the study there was a continuing gradual attrition 
>f participants. The attrition after intake into the study is 
summarized in Table 3. Host of the men who disconticued their 
participation w~re forced to do so because of promotion to super­
'visory or data systems specialist jobs which were not includefl in 
the study, or because of transfer to other facilities not repre­
sented ic the study. Of the 133 men who had withdrawn between 
Rounds 1 and 5 of the ~hysical examinations, only 24 dlq so for 
personal reasons, whil~ the others were required to withdraw by 
the eligibility criteria. However most of the men who withdrew 
at vario1.~s time:s after the intaM.e examination agreed to return for 
the final examination three years after intake. The report there­
fore include& data on their major health changes but not on mora 
minor transient health changes~ 

!n order to assur~ that the continuiag attrition did not Oias 
unduly the sample remaining an analysis was made of the age and 
years of service of those who dropped out. Table 4 displays this 
data. Although there are apparent differences in the age and ex­
perience between .the perticipants and those who had been disquali­
fied f~:3 thr. otudy by any given examination, the differences were 
not significant statistically (p > .10). There were significant 
differences in the age and experience of men from different faci­
litieo (p < .02), with younger and less experienced men at smaller 
facilities. This was due to the composition ar.d atrat~fied sam­
pling procedure. However, this difference between facilities wee 
maintained in spite of the diequalified volunteers at each ~1-
nation. Consequently these data clearly indicate that nn bias w~ 
introduced in our original age and experience sampling by subsequent 
disqualifications from the atudy. 

Lat&r in this report we compare the disqualified men on a n~­
ber of charact.ariatic•. These comparie-ona &re made to ~vestigate 
differences between those promoted and those no~ promoted; those 
transferred and those not; those Medically disqualified and l~osa 

---
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GROl.IP: I II Ill IV 

AGE: 25-37 25-37 38-49 38-~9 

YEARS EXPEIU EMCE: .J..:.L l2=li .!..Q.:.!2. i6-2~ TOTAL 

FACILITY STATUS 

ill.!!. I eligible 6lt 59 39 ~8 210 

I volomteerc:d 55 57 34 42 l&il 

't of eligible 86% 97% 82% 90~ 30% 
who volunteered 

NAS~UA I eligible 33 29 57 32 i51 

I volu,..teered 28 23 35 23 iQ9 

% of eligible~ 85% 79% 61% 72% 72% 

who vol :.nteered 

LOGAN I ellgible 17 15 13 8 53 

I volunteered 14 9 8 4 35 

t of eligible an 60% 62% 50% 66% 

who volunteered 

OTHER I eligible 23 6 16 10 55 

I voluntee:eci 17 5 9 5 36 

t of eligible 7~% 83% 56% 50% 65% 

who volunteered 

.!£!!...!QO!i I eligible 25 23 18 12 78 
... 
"' 

I volunteered 22 21 14 10 67 

% of eligible 88% 91% 77% 83% 86% 

who vo 1 un tee red 

TOTALS 1 eligible 162 132 143 110 5~7 

I volunteered 136 115 I 00 84 435 

t of eligible 84% 87% 70% 76% 80% 

who voloJnteered 

--"" ----~---- ... ---- ---· -- ----- ----.. 
"-...-:>;:. -> ' ......... . 
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TABLE 4 

CoMparison Of As~ And Experience Between Participants And -
Disguatt!fled Volunteers Cur.-""t.utvel1, Across Examinations 

FAf.ill!! 

Examination Subject Bo•ton Hew York Comnon Total Ovet·all 
Numer Status llif.L ARTCC LOS"'!. ~ I FR ROOl'l ~ He an 

2 Participants 37.5 35.~ 34.3 36.1 )5.1 392 36. I 
.1 Olsquallfled 37.2 )9.6 }6.0 )2.) 37.4 24 )7.) 

) Participants 37 ... )5.7 }4.6 }6.2 34.6 353 35.9 
l Olsqual I fled 37.7 38.0 )6.7 32.0 )8.3 63 37.5 

YEARS OF 4 Participants 37.3 35.6 35-7 36.5 34.3 315 36.0 
AGE .. Disqualified 37.9 37.8 )3.9 )3.) 36.3 101 36.6 

5 Pa•tlclpants 37.) 35.4 35-5 35.9 35-0 283 35.9 
5 Dlsqual I fled 37-9 }7,g 34.4 35.4 35-9 133 36.8 

2 Participants 12.0 II.) 10.0 10.0 10.3 392 ll.l 
2 Dhquall fled 11.0 13.8 12.5 7.3 14.2 24 12.2 

3 P1rtlcipants 11.9 11.2 9.6 10. I 9-9 353 10.9 
3 Olsquall fled 12.) 1).1 12.5 6.8 13.5 63 12.5 

YE4RS OF 
EXPERIENCE " Participants 11.7 11.0 10.7 10.4 10.2 315 11.0 "' - ... 

' ! .. Disqual I fled 12.7 
' 

1). 2 9.3 7.5 II. 5 101 ll. 7 
I 

5 I Participants 11.6 IQ.7 10.5 10.0 10.3 283 10.8 

I 5 Dl squall fled 12.6 1).4 9.7 9-3 II. I 13) IL9 

I 
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not; and tht)se who withdrew for personal reasons. As these com­
parisons are made on the criterion variaoles, physical health 
change, psyl.hological health change, and job outcomes, they are 
discussed in the sections on study findings. 

Domains of Data 

The predictor variables selected for their suggested relevance 
to health changes were classii ied into the fo,lloto~ing ten domains 
for data collection and analysis: 

1. Socio-demographic charaCteristics, including social back­
ground and early liff', as well as currf!nt life variables, 

2. Health history and health-related beha,rior, including 
family history of disease, personal henlth, illness at 
intake, health~related behevtors~ 

3. Personality characteristics measured by such tests and 
surveys as the California Psychological Inventory, the 
Jenkins Activity Survey, the Cattell 16 Persondity 
Factors Q•JP.Stionnaire, and scales for measurement of 
such characteriat:lcs as anomie_ and "connectedness"; 

4. Marital, family and social supports. each assessed hy 
several different coping scales; 

5. Job-related characteristics, including specific ATC 
variables such as attitudes about &kills and invcscmeat 
in the job, affective discomfort, includi&g work anxiety, 
subj~ctive costs, burnout-bounceback, shift chan&e costs, 
training anxiety, incident anxiety and adaptive styles 
including coping by drinking, wcrk avoidance, tension 
discharge rate, copin~ by physical activity, and atti­
tudes toward the FAA including satisfactions with man­
agement, tr~ining and progotions. Other job-related 
vari•bles included are general satisfacti~ns such as 
self morale or·group morale, and specific ~atisfactions 
including WQrk, co~orker and pey satisfactions and 
supervisory descriptions including initiation of struc­
ture. conaideration of others and tolerance of freedom; 

6. Life changes in vcrk, relocation, education. legal, 
f1~1ncial, marital, family, ch1ldren, pe~sonal and inter­
personal areas of Life. 

7. Measurem~nt of air traffic con:roller work load and 
special probl~s such as weather, traific blockages'and 
equipment failure; 
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8. Psychologichl and behavioral measures at work; 

9. Cardiovascular measures .'\t ·•ork; 

10. Endocrine Qeasures at work; 

Table 5 lists the predictor varia;les and the inatr~ent or 
technique used to measure them as well as the frequency of obser­
vation. Each variable is described in turn in Section III, Des­
criptive Findings, and the rationale for its selection is reported 
along with the descriptive findings. Those variables found to 
have predictive value are discussed in this respect in Section V, 
Predictive Findings. 

1 Plan for Data Analysis 

• 

The prospective, repeated-measures design of this study sug­
gested five basic models for analysis Uding both parametric and 
non-parametric techniques. These included (1) predictions from 
intake status, (2) predictions from early dynamic changes, (3) ret­
ro3pective group comparisons, (4) combinations of these three, and 
{5) wha:. we called "sliding inter.ral analyses". 

The predictions of health change from predictor variables 
measured at intake were based on parametric forma of statistical 
analysis such as multiple regression and canonical analysis where 
outcomes were continuous or multi-variate, or the predictions wer~ 
tested by simple chi-square analyses where predictors and outcomes 
were both categorical. The strength of this model lay in its sim­
plicity for clarifyiog relationships between independent and cri­
terion variables in a time-dependent, though not nec~ssarily causal, 
sequence. 

The second model for analysis was based on the fact that we 
had repeated measures oi our indP-pendent variabl~d. The prototypi­
cal question to be raised with this model was: Does early change 
predict later change? The same types of statistical analyseB that 
were applicable for the first model applied to this second model 
as well. However, since changes were analy~ed with respect to 
other changes, adjustments for initial levels and the reliability 
of assessments were important. The importance of such adjustments 
stems from the heightened probability of correlating chance ~luc­
tustions with other chance fluctuations 1n dynamic predictions. 
We ~id not emphasize this model of analysls for these reasons. 

The third Jtodel for analysts was based on criterion group com­
parisons of proe~cc:1ve intake data. In this type of analysis we 
attempted to at .. swer such questions as: What was different three 
years ago bi!!t'.<~een those who ha·ve become 1.1.1 and those who have 

,:, , .. .,.,. 
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TABLE 5 

fredlctor Variables 

tenerTC-Varfab-1 e Instrument or Technique 

I. Socio-demographic characteristics Biographical Questionnaire 
(e.g. social backg~ound and early 
ti·:e, current life s\tuation) 

2. Health history and health-related Hedlca1 Que~tionnalre 
behavior (e.g. f.ami ly history of Medical history (family a·1d personal) 
disease, personal health history. Update on medical history 
health-related ~havlor) Srroking eating, drinking :tabits, 

medications and review of syste~s 
in the interim 
S~A • 12, Rd.l, 
Audiological Exam 

;. r~rsonality characterlsc1c~. CPI, JAS 
including ano"'ie, 11connectednessu Boston Health Study'Quostlonnalre 

KMPt subscales 
Interview ratings 
ATC Questlonnoira ''aR'onlie"scale 

~- Harltal, family and social ATC Questionnaire 
supports Including marlto: 
resources, social cop~ng, blo· 
graphical lte,.. 

Frequency 
Vii it 

2 - 311-) 

X 

X 
X X X X 

X X X X X 
X 

X 

X 
X 
X 
X 

X 

X X X X X 

of -Obse-rvat Ton 
ve·arl v 

.., 
0 

Twice -Four- tir;-:--

I . 

,, 

~-.. 



t:enerfc V:riable 

5. Job-relate~ :haracter!stics, lnci.udil'g: 
a. At~itudes. investm~nt; 

b. AfteC~ dl~cornfort, Including 
anxiety factor, subjective costs, 
~urnout-bcuncetack, shift change 
costs, training an){lety, Incident 
o:n:.d'ety; 

c. Adaptive sty!!!c;.: Including coping 
b1 drinking, work evoidar.ce, 
tension discharge rate, coping 
1::·; i)hyska1 acti.vity; 

d. Attiturl~~ towarj FAA Including 
s.atisf.Jc.t!ryns with mai<Bgernent, 
training and prornntions; 

~- Cc.r.erai sathfactlor.s including 
self-moral~ or group morale; 

f. Specific satis~ac!.l2!!!, lnch~ding 
~rk., co-worker a11d pay satis­
factions. : Superv!sory descri-p­
tions including Initiation of 
structure, consideration of 
others tolf:rance of fr(l!edom; 

g. Work competence - peer competence, 
amicability, ideal tecw choice 

6. Impact of 11 fe chang'li:.-

Predictor Variab!es 

Instrument or Techni_que 

ATC Questionnaire 
Job Description Inventory. including 
Leadership Behavior Scale, Kavanagh 
life Attitude Profile, Satisfaction 
with FAA Policies scale 

Sociometric Questionnaire 

Review of Life ~xperlence3 
(ROLE), life chang~ inventory 
with standardized And Individual 
adjustment and distres.s rat.ings 

X 
X 

X 

X 

2 

X 
X 

X 

X 

frequency 
Visit 

3 li 5 

X 
X 

X 

X 

• 

• 

X I X 
X X 

X I X 

X X 

of Ob5:ervation 
Year 1 y 

1wlce Four times 

.. 

w 
~ 

• 

.. 

• 
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TABLE 5 cont'd. 

Predictor Varia~les 

... .., 

CeOer:T;;V.irlB:-b1e frls-trume-nt- or T\;amTque-- -- Frequency of-Obser-Vation 
Vl5it Yearly 

r 3 ~~ 5 Twice Four times 

Air traffic controller work load In· Measures of workload made by X 
eluding work, pace, end tlme loads, and trained observe:s. 
special problems of weather, trdfftc Subjective Difficulty (of day's 
blockages, equipment fal1ure. Exposure work) Questionnaire X 
to ATC work Questionnaire on assignr.ent to 

tasks other than ATC X 

Psychological and behavioral measures Profile of ~d St•te Que>tion-
at work Including relationship of work- nalre (before start of work) X 
load to self-report of difficulty Beh~vlor Ratln~ Scale X 

Subjective Difficulty Questlonoalre X 
KeasureS of work load X 

Cardiovascular .easures at work BP and HR responses each 20 "ln. 
for 5 hrs. while working X 

-
£ndocrtne measures at work Cortisol and growth h~rmone levels 

each 20 min. for ; hrs. while 
working X 

' ' -
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remained diseas~-free? In this model, the groups of interest were 
defined at the end of the study and then their data at the begin­
ning of the study were compared by means of analysis of variance, 
chi-square, or discrimir.ant/classification analysis. This model 
of analysis was a primary one since it yielded more easily present­
able results. 

The fourth model for analysis was an amalgam of those pre­
sented thus far: that is, two prospective groups were formed, one 
ccmposed of those subjects who were relatively healthy at intake 

1 and one composed of those who were ill in some way. The two groups 
were then studi~d usi~g the predictive intake and retrospective 
criterion models. The results from the study of the .1ealthy group 
indicated what variables may have an etiological role as risk fac­
tors tn the development and onset of more acute illnesses. S~nce 

both groups were ~art of the same initial study populat!on and 
since both would have been t•xposed to essentially the same occupa­
tional environment, variables that showed significant relationship 
to health change in both groups should be of highest priority for 
further research and action~ 

Probably our most important and robust model .for analysis was 
what we cal!.ed ''sliding interval analysis." This model was needed 
for several r::asons. Uajor illnesses and injut ies are relS:tively 
infrequent in healthy persons ages 25 to 50 years. This fact, 
coupled with the size of the stuuy samp.'.e ln tbe ATC HCS meant that 
there were relatively few c&sea of seve··· illness or major injury 
occurring 1n any one interval (the appru~~te 9-month span b~tween 
ex8111inations at Boston University Medical Center) of the t'~ree-year 
surveillance period of the ATC HCS. It was necessary, therefore, 
to cambin~ new health change ~vents over several intervals to ob­
tain a sufficient sample of cases for sn adequate statistical 
search for predictors of the health changes. In addition, it was 
necessary to use measur~ents made as close in time as ponsible 
to the onset of illness or injury while still avoiding data which 
was collected after the subject was aware of the presence of a 
health change. These methodological necessities were resolv~d by 
use of a technique atal"'..dard to epidemiologic studiee of acut_e con­
ditions. Thio technique has often been uaed to trace the sp~cific 
cause of common-source infections. In this ~ethod, the time of 
the onaet of aymptoms is deaignat~ Time 0. Even though the actual 
onset of symptoms may differ widAly for different individualo, for 
purposes of atudy the ono~t is designated as Time 0 for each. An­
tecedent behaviors and exposures for each ceae are gather~ by in­
terview or other means, acd placed in a time frame, which for each 
individ~al counts backward from Time 0. 

Using the same approach, we designated the interval in which 
a oerioua illness or injury oc.c~red ao Time 0 for each man, and 
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then used as predictors all informacion gathered at the preceding 
physical and psychological examination. 

The question then arose as to which data were to be selected 
as comparable predictors for the control group of ATCa who remained 
healthy. One possible approach was to use predicto~ data from the 
intake examination for all healthy persons, and rompare it to the 
data for the illness cases. This introducP.d ttm~ biases inasmuch 
as the predictor data ior the 111ne~s cases were derived from ex~i­
nations 1 through ~. Another approach was to select ~11 data for 
healthy persona from the second ol· third ex:outtin~tion inasmuch as 
it was ~idway in the series. This also introduced a number of 
biases, such as the familiarization effect which occurs with re­
peated visits to the examination site, changes in interviewer$ 
and modification of the test forms over t~e, and secular changes 
at local facilities and in agency policies. In many facilities 
and for mar,y conti'Ollers, conditions were different at Examination 
2 from those at Examination 1 or 4. 

A procedure that eliminated all of these problems -- and the 
methodological approach that we finally selected -- was to deter­
mine the proportion of cases for whom the pre-onset examination 
was the first, second, third or fourth round of· examinations in 
the study. ~a then applied these same proportions to the control. 
sample which re.-nained free of di!.eas~, and selected .the relative 
frequrncy of data from Roun.:is 1, 2, 3 and 4 for the healthy con­
trols that wo1.1ld provide a match for the rounds t:ontribut!ttg data 
for the men with health changes. Thua, if 10%, 20%, 40%, and 30% 
of cases had Rounds 1, 2, 3, 4, respecti~ely, as their pre-ons~t 
examination, the healthy control group would be identified and a 
random. 10%, 20%, 4C:'!, 30% would have their upredictor data" drawn 
from examination~ 1, 2, 3, 4, respectively. 'fhis proced11.re con­
trolled for learning and familiarization effects of rep~nted visits 
to the examination center and repeated 3dministxation of the same 
and similar test forms. It also cvntt~lled foT such changes in 
interviewers as occurred over the course of the study, the different 
contexts in which questions 3nd scales were imbedded at different 
exam!nation periods, anrl the cha1~es that occurred over the three 
years of the study at local facilities and in agency policies. In 
addition, there were subuantial changes .in amount of traffic baing 
handled over the course of the atudy, as exemplified by the year 
of the fuel ahort3ge in which aircraft traffic·waa much diminished. 
This, in turn, might have affected either the answers to the pre­
dictor que•tions, or the probability of psychological or phyoical 
health change J.f, as hypothesized, work-load conditions wexe in 
s~e way related to these changea. 

The teclmique of alidirog iotetval analysis w.aa uoed in all 
instances where the onoet of disease could be clearly specified 

• 
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and the frequency of health change in the averag~ interva~ was not 
sufficiently great to permit data analysis for single intervals. 

Within all five general models for analys~s we also studied 
moderating variables such as so~ial and mArital supports. In this 
way we wen~ able, for example, to ascertain whether those who ex­
perienced equal amounts of physiological arousal at work but who 
had more social or marital support experienced less health change. 

This report has been organized to facilitate rapid comprehen­
sion o£1 the main points. Tables and figures required to convey 
understanding or clarity are incl~ded with the narrative in each 
section. Other tables lending supportive evidence, and background 
to the narrative, are included in Appendix I. Copies of instru­
ments, questionnaires, forma, etc., used in the study are presented· 
in the Exhibits appended. Copies of papers published under auspices 
of this study and contract are presented in Appendix II • 

.. ' 
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Sociodemographic Chars.cteristtcs of Sample 

Responses on the ATC Biogr:!phical Questionnaire revealed the · 
following sociodemographic characteristics of the sample: 

1) 
2) 

3) 

4)' 
5) 

6) 

7) 

G) 

The majority grew up in cities or subur~s; 
!lore grew up in average neighborhoods (47%) than 
in "better" (35%) or "poorer" (10%) ones; 
Host came from a similar socioeconomic background 
as their wives; 
ktost (661) came t.~:om a 2-parent home. 
Fathers and fathers-in-law were~ for a majority, 
skilled, semi-skilled, manual or service wor~ers; 
At lP.ast half of the mothers and mothers-in-law 
were occupied mainly as homemakers; 
Parental education was considerably lower than that 
of the ATCs, 
About half of the ATCs and 27% of their wives had 
some college or a degree; 

9) The majority (56%) were reared in the Roman Catholic 
religion, 

lO) Host (79%) were currently living in a agood" or 
11one of the best11 neighborhoods; 

11) t!ost (89~) were married and had children; 
12) i~et (almost 60%) of the wives were fully occupiel 

as homemakers; 
!3) klmost all (99~) of the men had served in the Armed 

Forces, 96: of them as enlisted men, 69% worked in 
Air O::raffic Control d"ring military service. 
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III. DESCR!P:T.VE FINDINGS 

1. Socit>de.mographic Charactt:.ri~tics of Sample 

The Air Traffic Controller Biographical Questionnaire (ATC BQ) 
adtl>inistered at the intake e..c.mination yielded the foll<lwing infor­
mation on the general characteristics of our sample: Cities, or 
suburbs of these cities, provided the community !'Jetting for about 
61% of the participating ATCs while they ware grouing up; another 
27% grew up in small towns and 12% in rural areas. Forty-seven 
percent of the men said that they grew up in "ab•Jut average" nP.igh­
borhoods, about 35% in "~ett~r than average" neighborhoods, while 
only 10% reported that they came from "poorer" areas. Rowtever, about 
half said that their families were limited to necessities only while 
the other half reported that they were able to live comfortably. It 
appeared that growing up in uabout averagc11 neighborhoods meant be­
ing able to afforci the necessities only. About 17% of the ATCs oame 
from a higher socl.oeconomic background than their wives, and 19% 
from a lower one. 

The family backgrounds of our aample were varied, Two-thirds of 
the study subjects lived with both natural parents until at least age 
18. For lOX, a parent died and for about 12%, a divorce or separation 
(gruater than a year) occurred. The average age at the time of such 
parental losses was 8.1 ycaJ:s. The fathers of 60% and the fathers-in­
law of 62% of the men wer~ either skilled or s~i-skilled, manual ~r 
service workers. Eight percent of the fathers we~e professionals and 
14·% were managers and proprietors, and approximately the I'Jame total 
percentage of fathers-in-law were professional or business men. Among 
the mothers, slightly mor<, than half were fully occupied as hom~makers 
and 63% of the mothers-in-law were reported ~o.be housewives. Forty 
percent of the mothers and 33% of the mothers~in··lllW were divided 
among clerical, manual and cervice occupations. mn'tAlly as part-time 
'""Ployment shared with homemaking duties. 

Par~ntal education was considerably lower than that of the ATCs, 
reflecting th• generally higher educational levels of the younger age 
cohort. About 50% of the ATCs had some college or a degree, while 
o1:Uy 13% of their fathers, 9% of their mothers and 27% of their wives 
reached this level o~ education. Only 4% of the ATCs were not high 
school gradu•tes, while 57% of their fathe•·s· and 44% of their mothers 
did not graduate from high school. Thirty-seven percent of the ATCs 
had mor~ education than their wives, ~d 20% had less. 

The parental family size differed greatly.for our sa.'Ople, ranging 
from 11 children to an only child (the ATC). The •tudy subjects tended 
to be 1n the mid~le of their parents' family, having ~n the av•rage 1.3 
older siblings and 1. 3 you.1ger s!blings. These wue equally divided 
between the ewe SP~es, but on the averaee these mr.n were more likely to 
have an older stater and e younger brct.her than the reveroe. 

' 
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The majority of our •ample (56Z) wera reared in the R~an Catho­
lic religion. Thirty-three percent were reared in a Protestant reli­
gio•.. 6% in the Jewish religion, and 5% in either no rEligion or one 
not included in our listing. Somewhat the same current religious 
identification was reported, except that the organized rcl!gions were 
endorsed by a slightly lower percentage in each case and no religion 
at all was claimed by 14%. It should be noted, however, that 55% of 
these men reported going to religious ser\tices twice a year or less, 
so the religious identification was nominal in many instances. Only 
20% of the group reported attending church services once a week or 
more. 

L~s than 1% of our sample reported that they currently were 
living in a section of town described as "one of the poorer ones," 
20% were currently living in average neighborhoods, and 79% wAre 
living in either a 11good" or "one of the best" neighborhoods. The 
ATC study group was upwardly mobile. Not only did they have higher 
occupational and ed-..:.::ational levels than their parents (91% were at 
a higher educational and occupational level than their fathers), but 
they were also more likely to be living in a better section ot town 
than they did when they were children, 59% of them reporting that 
they currently lived in better neighborhoods than they did as child­
ren, and only 10% reporting that they now lived in worse neighbor­
hoods. The ATCs were also quite stable in their residence. Although 
we did not ask for the number of times they had changed their resi­
dence, we did collect information on how long they had lived in the 
county of their present addr~ss. The mean length of time was 10.2 
years, and 76% had lived for five or more years in the county of their 
pree4nt address. 

The majority of the sample were married and had children. Eighty­
eight percent had been married once, 8% more than once, and 4% had 
not been married, At entry into the study, 89% were married, 4% were 
unattached, and 7% were sepa.rated, divorced ·or widowed. Eigilty-seven 
percent had children livi~~ with th~ (an average of 2.3 children at 
time of entry into the study). 

Among the wives living •~th their husbands, 30% had full o~ part­
time joba, but almost 60% were fully occupied as homemakers (acother 
12% were engaged in volunuer and other activities). The employed 
wives were largely in clerical and sales poaitiona (84% of those em-

• played); another 16t were purau!.ng a "Level 2 Profession" such aa 
acnool tu~her, technician (with college degrea), social worker, n3-

nurse. 

More than 99": of the men h"-d served in the Ar:,ed Forcea. Theil!, 
of duty ranged from two to fifteen yeAra with media~ and mode 

at four years. Ninety-seven percent of th6 man were in enlisted 
throughout their careers and only 3% were of·'icera. For 69%. of 
•no served in the Armed Forces, air traffic control was included 
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in their military services; 2% had been pilots or navigators, and an­
other 18% engaged in other activities related to aviation. Eleven 
perce1.1t were in military positions other than aviation-related ones. 
The history of a military career was the mont uniform of all the life 
history information in our study; most were non-commissioned officers 
doing ATC work. 

,,, 
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SUMMARY 

Comparability of ATC HCS Subjects and ATCs in Other Studies 

To assure credibility and applicability of results of this study, 
comparisons were n:.'\de with other available studies: a nationwide 
testing, beginning in 1966, of all operational controllers in 
ARTCCs and airport t.1wers using the 16 Personality Factor Question­
naire (16 PF), and a study that included 125 controllers from large 
and small airports in the vicinity of the University of Michigan, 
'U!~ing scales measuring boredom, job future ambiguity, social sup-
po:~.:::~ :tnd role conflicts.. · 

I 
The comparisons showed that: 

1) The 16 PF profiles of the ATC HCS controllers matched the 
national sample profiles reasonably well, suggesting that 
the subjects in this study were reasonably representative 
of controllers nationwide in terms of this test; 

2) ATC HCS controllera had more boredom than the Michigan 
area co~trollers, but were not greatly different in job 
ambiguity, social suppC'Irts or role conflict, sug8esting 
that Northeastern ATCs were reasonably similar·. to Midwest 
controllers in these respects. 

• 
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2. Comparability of ATC HCS Subjects and ATCs in Other Studies 

To assure credibility and applicability of the results of this 
study, it was iMportant to determine whether or not the participating 
controllers, all of whom were from the New York and New England re­
gion. were similar to controllers around the country or to the con­
troller suh~ecta in previously published studies. There were two 
major sources of data for comparison. 

Karson and O'Dell (1974} published the results of a natic,•-wide 
testing of all operational controllers in Air Route Traffic Control 
Centers (ARTCCs} and airport towers beginning in 1966. They used the 
Sixteen Personality Factor Questionnaire (l6PF}, 1962 Form A, of Cat­
teil (1962} and obtained data from 6,231 ARTCC cont~ollers and 4,816 
tower controllers. 

The second source of comparative data was the work of Caplan, 
Cobb, French, Van Harrison, and Pinneau (1975). They reported a 
large number of findings for 82 controllers from large airports and 
43 controllers from small airports. These controllers were a conven­
ience sample (as opposed to either a total or random sample} of con­
trollers in the vicinity of the University of Michigan and therefore 
represent a sample for regional comparison. The 82 controllers from 
large airports were most comparable to our tower controllers in age, 
experience and Civil Service Grad~ (GSl3}, and therefore this parti­
cular sub-group provides the best regional compar~son. 

,Al~hough we could not expect that our controllers uould be iden­
tical in all respects to either the national or regional comparison 

·groups, a reasonable similarity would suggest that the findings of th• 
present study might be applicable to controller& not in the region or 
study. 

Comparison of 16PF Results To National Sample 

Figure A displays the scaled score profiles of 265 ARTCC control­
ler. in the present ATC Health Change StU<oy (ATC HCS} and of 6231 ARTCC 
.ontrollers in the national study of Karson and O'Dell (1974). Figure 
B displays the profil~s of the 42 ATC HCS tower controll~ra and the 
481G tower controllerr, from the L•rson and O'Dell (1974) study. In 
both caau the p~ofilea aplJear quite ailllilar in a,ice of aoveral dif­
ferences. 

Tbe degree of aillilaritt in profiles can be apreaaad ata.tiatically 
by ua!.ng the weighted occupacional group-to-group coefficient of a~.lli­
larity for the 16PF (Cattell, Eber, and Tat>uokA, 1970, p. 311-~12}. 

The profile of the ARTCC ~~ntroll"u was significantly related to th., 
national sample profile aa I!Xpresaed by a coeffidl'.nt of similarity 
of .65 (p<.Ol). The tower controller profile alao waa aianificantl' 
related to the nat1on11:. tower controller profile vt::. a af.llilarir.y 
coefficient of .76 (p<.Ol}. These atatiotical reaulta indicated that 
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FIGURE A 

COMPARISON OF 16 PF PROFILES OF CENTER 
CONTROLLERS: ATC HEALTH CHANGE STUDY 

VS NATIONAL SAMPLE 
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FIGURZ B 

COMPARISON OF.16 PF PROFILES OF TOWER 
CONTROLLERS: ATC HEALTH CHANGE STUDY 

VS NATIONAL SAMPLE 
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the 16PF pr~files of the ATC 
sample profiles quite well. 
~auld be right somewhat more 
the ATC HCS contro.llers were 
lers nationwide, in terms of 
teristics. 

/ 

HCS controllers matched the national 
Overall, the results meant that one 
than 99% of the time in saying that 
reasonably representative of control­
the 16PF profile of personality charuc-

On individual scales of the 16PF, there were differences between 
~he ATC HCS controllers and the nutional sample. Controllers in this 
study had more warmth (A), intellectual ori~ntation (B), dominance 
(E) ,

1 
elat!on (F), boldness (H), emotional •ensibility (I), anxious 

insecurity (L), bohemianism (M), g·~Ut pr<>nenesa (0), •elf-sufficiency 
(Q2) and free-floating "nxiet:• (Q4). They also hhd less ego strength 
(C), group conformity (G), sophistication (N), and compulsivity (Q3). 

Although there w<;.re statistical!}• sign:~ficant differences be­
tween the ATC HCS controllers and the national sample on individual 
scales, tlie high similarity of profile coefficients with respect to 
personality characteristl~s suggests that data and findings of this 
study may have application to the broader group of ~r traffic con­
trollers. 

fomparison to Caplanl et al. Regional Sample 

During the fifth and final examination, a number of scales used 
in the Caplan et al. study (1975) were administered to the ATC IICS 
conti"ollers: Boredom; Job Future Ambiguity; SuperVisor Support, Social 
Support-Co-Workers, Soci~l Support-Friends, Relatives, and Family; 
and Role Conflict Scales. One man refused to complete these scales, 
therefore, data was avail~ble on 387 oi 388 men seen at the laSt 
examination. 

After grouping our controller~ into ARrCC (Center)~ tower, and 
TRACON (rraffic Radar Control\ facility options, we compared their 
scores with the 82 controllers from large facilities and the 43 con­
trollers €rom small facilities report~d by the~plan group. Table 
6 disp~ays the results. 

The results indicated that the ATC HCS controllers had signifi­
cantly high~r (p<.OOl) Boredom scores than the Caplan study control­
lers. However, the ATC BCS controllers were not dramatically differ­
ent on the remaining possible comparisons for Job Ambi~uity, Social 
Supports or Role Conflict. 

These results were important because th~ showed the basic J~t­
larity of the ATC HCS controllers from th~ Northeastern facilities 
in this study t.o those from the Midwest in the Caplan study. 
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TABLZ 6 

Comparison of Caplan, et ai,(197S) 
Req:onal Controllers with ATC Health Chan9e Study Controllers 

tapf•n• et at, Caplan, et AI. ATC He•lth ATC Health 
ATCs-Large ATCs·Smoll Change Study Change Study AIrports Airports Center Controllers Tower Controllers 

~rison V•riable !N-821 _(11-43) (N-265) (N•~61 

Job Oi<satisfaction J.Og 2.85 1.~3 I. 51 .66 .6g 
-~· -54 

&or adeN 1.4g 1.40 2.32 I. 81 .68 .65 .&7 .as 
Job future Ambiguity 2.21 2.02 2.48 l.6 .. 

'" .]L -97 .88 
Supe..,isor Support 2.69 2.87 2.77 2.59 .n .64 .85 .66 
Social Support-Coworkers 3-12 3-37 2.84 2.92 

.• 54 .46 -57 .60 
Social Support·Frier.ds, 3-43 ).58 3-30 3-16 Relari~•• and family • • 60 .51 .70 -95 
Role Conflict 1.56 1. 3r, 1.48 I. 5~ 

-56 .so • S I .ss 

~ 

• ;;:~-. 

____ ;,.___, __________ _ 

ATC Health 
Change Study 
Tr•con Controller~ 

!N•76) 

L46 
.s& 

1.88 
. 79 

2-~5 
.8] 

2-65 
.gl 

2.95 
.68 

3-19 
-76 

1.&1 
-~7 

"ean 
s.u. 

Mean 
s.o . 

He an 
S.D. 

Mean 
S.D. 

Mean 
S.D. 

Mean 
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We made one other comparison to the other samples by grouping 
the va"ioua characteristic.• into those which might be socially de­
sirablt or undesirable for controllers in this study, f'tom the moti­
vational standpoint and tested to see if the ATC HCS subjects had a 
propensity to present themselves in any better or worse light than 
the other sampl~•· We found that the ATC HCS subjects were reason­
ably representative of the other controller population. 

·-



SUMMARY 

Comparability of ATC HCS Subl ects to Non-PartidpatJ.ns 
ATCs in The Same Regions 

47 

I'" assure that the sampling procedures and definition used in this 
study did not select a group of subjerts very different in illness 
proneness from those who either were not selected or did not volun­
teer, a comparison was made of medical disqualifications among par­
tic!pants and those ~ng non-participants. 

It was found that participants had been medically disqualified at 
a rate approximately half that of non-participants. Differences 
between ~articipants and non-participants in disqualification for 
psychiatric reasons were not as great as differences between the 
two groups in disqualifications for 1omatic reaaona. 

Not ~nly was the rate of medical disqualification (including both 
participants and non-participants) for the New England facilities 
higher than that for the N.., York facilt'ties. but there was also 
a marked difference between participants 'and non-participants in 
medical disqualific&~ion rate. 

These findings indicated that the.rates of health change reported 
in this study were probably conservative estimates of health change 
among the larger popul.<.tion of air traUic controllers. 

Among 95 men (both participants and non-participants) medically 
d'iaqualified from New Engla11d facilities and. the New York Co....,n 
IFR room, 78~ were granted Second Career and/or OWEC options. 

Participant ATCa were promoted at a rate appro:ICimately 1~< .. times 
that ~f non-participant controllers. 
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3. Comparability Of ATC I!CS Subjects To Non-Participating ATCs 
In The Same Regions 

The preceding section reported that the air t·raffic controllers 
in the H~alth Change Study were reasonably comparable to controllers 
around the country in terms of their personality profiles. Further­
more, they were reasonably comparable to samples qf midwestern con­
trollers in terms of several psychol~gical and job-related variables. 
~he participating controllers in the Health Change Study were also 
compared to non-participating controllers from the same facilities, 
in terma of their medical disquali(icationa for somatic or psychiatric 
reasons. lriis comparison was important to assure that the sampling 
p~ocedures and sample definition that we used did not result in a 
group of men ~ho had medical disqualification rates or problems very 
different from men whc were not participants. To obtain the necessary 
data we asked the Eastern Regional Flight Surgeon, John P. Skelly, 
M.D. and the New England Regional Flight Surgeon, U.A. Garred Sexton, 
M.D., to provide us with certain data. 

• 

We asked for the total nunber of fully rated journeyman control­
lers on every facility roster, the attrition frequencies for reasons 
other than mediccl, the n~ber of medical disqualifications, the dis­
qualified man's initials,,date of birth, entrance-on-duty date, the 
date qualified as a controller, and the diagnosis.if it were a medi­
cal disqualification. These data w•!re requested. fOr each month begin­
ning January, 1974 through October, 1977. The men's initials. birth­
dates, and entrance-on-d~ty dates allowed us to identify those dis­
qualified controller& who had been p.•rticipants in the study. However, 
that. same data did not allow ua to o>tatn the actual identity of the 
disqualified non-participants, but allowed us to identify how many 
non-participants i:l each facility ha<1 the charact:eristics described. 
We were deeply appreciative of the efforts put forth by Drs. Sexton 
and Skelly and their staff to provide ua with this d~ts in a relatively 
ahort period of time. 

Although these data also represented occupationally related out­
cameo which are discuased in Section Ill E, the purposa of the analy­
sis in this section was to ascertain the extent to which t~ s•.1.hj ec ta 
in this study appeared to match their non-participating colleagues in 
Ulneaa proneness, as lll&&&ured by number of lllltdical diaqualificationa 

· in ..ach group. 

Table 7 displays the comparison of somatic and psychiatric dis­
:,. qualificationa of non-participants e.nd particil'anto in the health 

change study according to age groupings. The figur,a at the t~p pf 
the table are almplu counts of the number of men disqualified for. the 

, lilted reasiJns in tha Various categories. To make comparis~n• between 
disqualification rates for paxticipanta and non-part~cipants, we 

the number of mon-month• at ~iak. 

• 
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TABLE 7 

Overall Age-Grouped Comparison of 
Medical Disqual lflcatlon Rates 

For ATCs Plrtlcipants A!'d Uon-Participants 

MEDICAL DISQUAI.IFICATIONS AT ALL FACILITIES IN STUDY 

49 

NON-PARTICIPANTS PARTICIPANTS 

~as of 2173 somatic es:tchlatrlc 

25-37 20 15 

38-49 20 12 

50+ 30 II 

subtotals 70 38 

~on·partl~lpant/partlclpant 108 

Overall mar.·months at risk • 43674 

A. Participant ma<~·months •t risk • 12780 
a. Non'-partlclpant man-months at risk• 30894 

somatic esxchlatrlc 

5 5 

1 6 

0 0 

12 II 

23 

Overall medical disqualification rate- 3.00 par 1000 men-months 

A. Participant medlc•l disqualification rate • 23/12780 • 1.80 per 
1000 man-months. 

a. Non-participant medical disqualification rate. 108/30894 ·- 3.50 
per 1000 man-months. 

somatic disqualification rates 

Participants • 12/1278? • .94 par 1000 man-months. 
Non·partlclpanu • 70/30894 • 2.27 per 1000 man-months. 

psychlatrl.4.~11squa11 flcatlon rates 

Participants • 11/12780 • .86 per 1000 man-months. 
Non-participants • 38/30894 • 1.23 per 1000 ... n-months. 

.. 

.!!!!!!. 
~5 

45 

41 

131 
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For participants, the number of man-months at risk was calcu­
lated from the date of entry into the study until the date of exit 
from the study. The date of exit from t. • study was the date <>n 
whlch a man becnme ineligible for partic • .,ut~on for any one of sev­
eral reasons, or the date o( his fifth and final examination at Boston 
University. 

Since we did not have the same depth of data regarding the men 
who vere non-participants in the study, the man-months a~ risk for 
non-participants were calculated by first s~ing the number of fully 
rated journeym~t controllers in each facility during each month from 
Jan"'ry, 1974 through October, 1977, and then subtracting from this 
number the man-months at risk for the participants in this study. 
In all of the facilities in the study, the monthly roster of indivi­
duals changed due to medical disqualificaticns and other teasona, 
such as transfers and retirements. The overall man.-month& at risk 
fer fully rated journel""en controllers in all of the facilitit!s in 
the study was equal to the sum of all men on the f.aciHty roster each 
month from January, 1974 to October, 1977, made up of partici1•ants 
and non-participants. 

With these calculations it was possible to compare the disquali­
fication rates across gll facilities as well as for regions. Table 
7 shows that the overall medical disqualificatiori rate for any reason 
was 3.00 per thousand man-months. The participant medical disquali­
fication rate was 1.80 per thousand man-months, wh'ereas the non­
participants were medically disqualified at a rate of 3.50 per thou­
sand man-months, almost twice the participant rate.· 

Part III of Table 7 shows that: the participants had somatic dis· 
qualification rates of .94 per tho•~and man-mon~ha, while the non• 
partieipants were disqualified for somatic reasons at more than double 
that rate, 2.27 per thousand man·••nths. Disqualifications for psy­
~biatric reaaona s.t· a rate of .86 ,,er thousand man-montha among par­
ti~iFants, and 1.23 per thousand DULn-montha among non-participanta, 
wore not so greatly different. 

lie d"cide<l to examine these data in more detail by regicn. 1'able 
8 diaplays a distribution of all of the medieal diaqualifications by 
pr:Lury so""' tic and poychiatric diaunooes, in the Eastern (New YCJrk) 
rqion facilities in this atudy (New rork Common JFR Room, New Yorio. 

: Air Route Traffie Control Center). The same diagnoues are liate<l so 
. that the reader may compare them with the diagnosea made in tha study 
~~:::~~~8in Section III C ?. Tho dia~noaea for psychiatric disquali· 

~.! are listed for coapar!son with those repo~ted in Se~tion 
.For the latter comparison it ia important to note that ~the 

1t~,..,,.. poychiatric diagnoses were 'neurotic 1\>ld not psychotic disorders. 

Table 8 also shows the comparative rates. of medical disqualifica­
in the New York region for somatic diagnooes and for psychiatric 
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TABLE 8 . 

Distribution of Medical Oisqual ificatlons 
<rom January 1974 Through October 1977 

New York Region Facilities 
Journeyman ATCs Only 

I. Number of ATCs who were medically disqualified • ~8 

A. Primary somatic diaqnoses 

Gross obesity and hypertension 
Bronchitis and hypertension 
tlypertenslon 

Non-Participants 
I 

tlyocardlal infarction 
Cardiovascular disease 
Epilepsy 
Paraesthesia 
Spinal disc injury 
Back Injury 
Hearing deficit 
Nephritis 
Ulcer and hiatus hernia 
Olvertlcul it I• and col itls 
Ulcer and colitis 
Post-concussion syndt·ome 
Hultlple phorias 
Deceased (!-cancer, !-accidental) 

Subtotals by participation status 
Subtotal of primary somatic diagnoses 

I 
3 
1 
3 
1 
0 
1 
0 
1 
1 
1 
1 
2 
1 
2 
1 

21 
• 26 

• 

51 

Participants 
0 
0 
0 
1 
0 
0 
1 . 
0 
1 
1 
0 
0 
0 
0 
0 
0 
I 

those subjects who were Ineligible, randomly excluded and randomly 
but non-volunteers. 

B. Primary psychiatric diagnoses 

Anxiety and/or d~pression2 
General psychiatric 

Non-Participants 
12 

Psychophysiological disorder of G. I. Tract 
AlcoholIsm 

2 
I 
0 

Subtotals by participation status i5 

Subtotal of primary psychiatric dlagnos·u " 22 

two coses with oecondary dl4gnosls of hypertension 

P~rtlclpants 
6 
0 
0 
I 

7 

• 



52 TABLE 8 conc'd. 

II. Comparative rates of medical disgu~l ifications 

A. Total man-months at risk • '20730 

1. Non-participants man-oronths at risk • 13279 
2. Participant man-months at risk • 7~51 

B. Overall medical dlsqual ificatlon rate • 2.32 per 1000 man-months 

I. Non-participants • 36113279. 2.71 per 1000 man-months 
2. Participants • 12/ 7451 • 1.61 per 1000 man-months 

c. Total somatic disqualification rates 

I. Non-participants • 21113279 • 1.58 per 1000 man·months 
2. Participants • 51 7~51 • .67 per IIJOO man-months 

D. Total psychiatric disqual If! cation rates 

I. Non-participants • 15113279 • I. 13 per 1000 man-months 
2. Participants • 7 I 7~51 • .9~ per 1000 man-months 

Froquencies of Medical Olsqual iflcatlons by type of Disqualifications 
and Age Group: New York Facll I ties 

Non-Participants Participants 

SomatIc Ps~chlatrlc So !!!!!!E. Ps~chlatrlc 

II 7 4 2 

6 5 5 

4 3 0 0 

21 15 5 7 

·-
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diagnoses. The comparative rates indicated that the New York facili­
ti~s' participants in the study experienced somatic health change at 
a rat.e eq1.1al to only 42% thar: of non-participants, but were disquall.­
fied for psychiatric reasone at a rate equal to 83% of that for non­
participants. 

Similar comparisons were made between participants and non~ 
participants for the New England regional facilities in the study. 
Table 9 displays the resclts of these comparisons as well as the 
primary diagnoses listed in FAA records. Again, psychiatric diagno­
ses were all neurotic in level and .type rather than psychotic. 

The overall rate of medical disqualifications in the New England 
facilities was 3.62 per ~housand man-months, a figure substantially 
higher than the New York rate of 2.32 per thousand man-• nths. The 
total somatic disqualification rate of non-participants was 2.78 
per thousand man-months compared to 1.31 per thousand man-months 
for participanta. Participants were disqualified at a rate of .75 
per thousand man-months for psychiatric reasons whereas non-participants 
were disqualified at a rate of 1.31 per thousand man-months. 

While the participants from the New York region were medically 
disqualified at a rate that was 59% of their non-participating col­
league•' rate, the New England participants were medically disquali­
fied o~Ly half as much as their non-participating colleagues. There­
fore, not only was the rate of disqualification greater in the New 
England facilities, but the difference betueen participants and non­
participants was greater. 

The comparisons between participants and non-participants uere­
particularly important because they indicated that ~ne rates of health 
changB reported in this study were probably conservative estimaten of 
health change among the larger population of air traffic cont~ollera. 

Data regarding the disposition of medical disqual~fication were 
available f~r a limited number of facilities. TablE 10 displays the 
distribution of Second Career Program and Office of Workmen'• Employ­
ment Compensation (OWEC) actions granted to 95 men who were disquali­
fied medically from New Eng.ll!nd facilities and the ~"'' York Common 
IFR room. A total of 78% •~re granted Second C4r&lr and/or OWEC op­
tions after their medical disqualification from the FAA. Five per­
cent ware pending at the time we received thio data in late 1977, 
and 17% had a disposition with no compensation other than their pos­
sible retirement benefits. These men were both participants and 
non-participants, ~''t it was not possible to separate the groups and 
compare their dispos1tiona. 

Vinally, Tabla 11 di&playa a comparison of promotion and trans­
fer rates betw .. en non-participants and participants in the Heslth 
Change ~tudy from January, 1974, through October, 197i, in the par-



54 

• 

TABLE 9 

Distribution of Medical Disqualifications 
From January 1974 Through Octob~r 1977 

New England Region Facilities 
Journeyman AT~s Only 

1. Number of::~ .. · who were medi~ally disqualified • 83 

A. Primary somatic diqanoses 
Non-Particieants 

Hypertension 5 
Hypertension and psychoneuroses 2 
Hyper tens ion and diabetes I 
Cardiovascular disease 9 
Cardiovascular disease and other 3 
Diabetes 3 
Hearing loss II 
Hearing loss and b I i ndness I 
Ulce-r . ~ 
Hyperplasia 0 
Hultiple Sclerosis I 
Vertigo and medications I 
Musculo-skeletal disorder l 
Eye disease 2 
General medical 5 
Dermatitis and medications I. 

Subtotals 49 

8. Prlmar~ es~chlatrlc diaanoses 
Non-Partlcieahts 

Psychcneurosis plus other I 
Psychoneurosis 2 
Personality d'sorder 4 
Disturbance of consciousness I 
General psy~hiatdc 13 
Anxiety and depression I 
General psychiatric plus other I 

Subtotals '""23 
Comparative rates of medical disqualifications 

A. Total man-months at risk • 22944 

I . 
2. 

NOn-partici~ant man-nonths at rlsk 
Participant man-months at risk 

• 1761.5 
• 5329 

• 

Partlcieants 
I 
0 
I 
0 
I 
0 
2 
0 
0 
I 
0 
0 
0 
0 
I 
0 

-7-

Part I cl eants 
0 
I 
0 
0 
3 
0 
0 

II 

B. Overall medical dl•qualiflcatlon rate • 3.~2 per 1000 man-months 

I. Non-participants • 72/17615•4.09 prr 1000 man-month• 
2. Participants • ll/5329-2.00 per 1()'10 man-months 

• 

• • 



Ill. 

Age as 

25-37 

38-49 

50+ 

' /·.-

TABLE 9 cont'd. 

C. Total somatic disqualification rates 

I. Non-participants • 49/17615•2.78 per 1000 man-months 
2. Participants 71 5329•1.31 per 1000 man-months 

0. Total psychiatric disquC!I i tication rates 

1. Non-participants •23/1795•1.31 per 1000 man-months 
2. Pa•ticipants • 4/5329•.75 per 1000 man-months 

55 

Frequencies of Medical Oi~qualification by type of Oisqual iflcations 
and Age Group: New England Facilities 

Non-Particieants Particie:ant5 

of 9/73 Medical Psychiatric Medical Psychiatric 

9 8 3 

14 7 6 

26 8 0 0 

4<; 23 7 4 
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56 TABLE l.O 

Disposition Of Medical Disqualifications 
from Selected Facilities For 95 Hen 1 

Second Career Program only 

. OWEC on 1 y 

Both Second Career and 0\o/EC 

Second Career - pending 

OWEC - pending 

Second Career granted with OWEC pending 

Nel ther Second Career or OWEC 

Total granted Second Career and/or 0\...'EC 

Total with Second Career and/or 0\o/EC pending 

TOtal with no comDf'!':1:iettory disposition 

Number of Men 

45 

3 

15 

3 

2 

11 

16 

95 

-74 (78%) 

·5 ( 5%) 

.16 (17%) 

% of Total 

47% 

3% 

16% 

3% 

2% 

12% 

17% 

100% 

COhlplete data for this pre:;entatlon was available only for Boston ARTCC, 
Quonset TRACON, Sradley 1'ower, Providence Tcw~r, Otis TRACON, and the 
~lew 'fork ConmJn I FR Room. 

• 

• 

, 

i ~ 



TABLE 11 51 

Comparison Of Promotion And Transfer Rate~ 
Between Non-Participant And Participant ATCs f~o~ 

Jan~ary 1974 Through October 1977 In Participating Fac;Jltles 

Rate per 1000 man-months 

__ ; __ . ---- -

Non-participants ATCs Participant ATCs 
I Prom)tlons 

2 Transfers 

2.33 

~.63 

Promotion data was available from the Boston ARTCC, Logan Tower, Otis TRACON, 
Quonset TRACON, end Bradley Tower 

2 
Transfer data was available from New York ARlCC, Boston ARTCC, Logan Tower, 
Quonset TRACON, and Bradley Tower. · 

.. 
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ticipating facilities. Full data was not available fr~ all facili­
ties, but the comparisons should atill be valid since the largest 
part of the data were available for examination. 

First, one can note that participant ATCs wer~ promoted at a 
rat~ approximately L 7 times that of non-participant controllers. 
Secondly, non-participant controllerR were transferred to other 
facilities more than ewice as often as participant controllers. 
Since ~ number of contributory factors possibly acco~nted for these 
differences, we were hesitant to interpr~t this data. A conserva­
tive interpretation might be that men who volunteered to partici­
pate iti the !tudy were not expecting to be transferred and further­
more may have bad higher aspirations for themselves. 

In summary, the most important conclusion from these compari­
sons of participating vs. non-participating controllers was that 
the controllers participating in the health change study were some­
what less likely to be medically disqualified than non-participants. 
Thus. the health change rates reported in the later sections may 
be somewhat conservative in that all journeymen controllers pro­
bably experience health changes at a rate slightly higher than those 
who were selected and who volunteered for this study. 



• 
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B. Predictor Variables 

Several criteria were applied to determine the selection of 
health change predictor variables. First, relevance to air traf­
fic contr~llers and to the air traffic environment was re~uired. 
Second, the variable had to be measurable. If a measurement 
technique ~as not available, we considered the feasibility of de­
vising an assessment technique. On the other hand 1 if techniques 
were available, we considered them from the stand~oint of practi­
cality in usage. Third, we evaluated the reliability and validity 
of assessment techniques. And finally, we searched for and re­
quired evidence that a given variable ~uld have either a direct 
or goderating influence on health ~hange. 

Using these criteria, ten predictor variables were chosen: 
s .. lcio-demographic characteristics, history of health and health­
related behavior, personality characteristics, marital, family 
and social supports; job-related- characteristics, llfe changes, 
workload, psychological and behavioral measures at wo·rk, CM.rdio­
vascular measures at work and endocrine measures at -Work. 

A description of each predictor variabl~ fC"llows, along with 
the rationale for its use in the study, explane.tions o! the method 
of measurement, and descriptive findings. 

The ability of these variables to ;=edict any of the health 
or job cutcoutes is di.scussed in Section V, Predict:ive Findings_ 

• 

• 
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SUMMARY 

SOCIO-DEMOGRAPHIC CHARACTERISTICS 

Data vere collected on the ATCs' parents; social, educational, 
economic, Ailitary and religious backgrounds; and adolescent exper­
iences for analyses of th~!r relationship to health change. Some 
descriptive data is reported in Section IIIAl. In addition, the 
data showed that: 

l) The ATCs' parents were generally :ompatible; 
2) 62% of the ATCs recalled a growth rate about 

the same as their adolescent peers; 
3) 91% of the ATCs were equally or more· athletic 

and fit than their high school classmates; 
4) 91% had as ~ny, o~ more, friends in high 

school as others; 
5) 35% had considered quitting high school; 
6) 17: socialized with girls at least weekly in 

high school; 
7) The relationships of 86% of the ATCa with their 

parents were average or better than those of -
most others; and 

8) '62% had alcoholic beverages outside their home 
by age 16. 

.. 
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1. Socio-demosraphic Characteristics 

As we were interested in determining the extent to which cer­
tain background or current biographical data might predict future 
health or job outcomes, we used the information obtained from the 
Air Traffic Controller Biographical Questionnaire (ATC BQ) not 
onl:t to describe the study participants (see SP.ction Ill A 1) but 
alsQ to ascertain whether or not there were any significant rela­
tion~hi~s be~e~~' specific socio-demographic characteristics and 
health cr job outcomes. Although general information descriptive 
of the participants has already been reported in the previous sec­
tion .. the rntionale for attempting to relate socio-demographic 
characte~iatics with health changes, and additional information 
pertaining to asp4cta of the ~~rsonal lives of the participants, 
is rerorted below. 

Rationale 

It is well accepted that the circumstances and life style 
into which a person ia born aad raised has an effect, often inde­
terminate, on his or her future well-be!.fll.l· Some attempts have 
been made to predict future outcomes by uae of biographical in­
ventories that ,~licit informati•?n or.. personal b~ckground. Eat·ly 
uses were 1o the prediction of success of salesmen (Goldsmith. 
1922; Kornhauser, 1965; Kurtz, 1939), predietion of college success 
(Bittner, 1945) and vocational success (Ghiselli, 1955; Super, 1957), 
success in an officer training program (Guilford and Lacey, 1947), 
and detection and treatment of accident-prone drivers (Johnson, 
1946). 

Biographical data has been extensively uaed 1o 1odustrial 
studiea (Owens and Champagne, 1965), in psychol<•gi~al research 
to predict amenability to pajchotherapy and severity of anxiety 
ruction (Lawrence, 1947) and 1o haalth research to establish a re­
lationship between statua 1ocongruit1 and level. o;! illness ayaptOIU 
(Jackson, 1962), as well aa between coronary disease and both sta­
tua incongruity and social mobility (Cohen, 1974; Wardwell and 
Babnaon, 1973), and between health change and a variaty of personal 
life history and current lih variables (Jonlr.ina, 1!176). Findly, 
such background factors as religious affill.&tion (IC&J>lan, 1975; 
Wardwell and Bahnsen, 1973) and ch~cb attendance (Kaplan, 1975; 
Coaatock and Partr.idge, 1972) hl\ve also been related to a variety 
of health problema. 

Tbe atudy'ef health change in air trttffic r.ontrollArs preaenud 
a good opportunity to determine under carefully controlled condi­
tiona whtather or not social backJrot.'nd o~ eurrsnt lifa c1.rcuutanees 
war,. related to future haalth changee aong thl.& population, 
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Findings 

Characteristics already summarized in Sect.ion III B 1 to 
describe the sample included their social setting while growing 
up, the economic situation and family size and membership of 
their pare.ntal families, education and occupations of fathers 
and mothers as compared wi.~h the ATCs themselves, and their 
religious affiliatioos. Other social background characteristics 
of interest for predictive purposes included the extent of ccm­
patability between parents in background, person~tlity a:nd goals 
for their families, and the adolescent experiences of the ATCs 
themselves, summarized below. 

The ATCs perceived their parents as having very similar 
goals for the ATC, but perceived the paren~s' personalities as 
being dissimilar. More than 50% of the participants judged 
::heir paa:ents to be very similar in social background, education 
and religious emphasis. To obtaJ.n an overall measure of parental 
compatibility on these issues, the scores of the five items in­
quiring about parental compatibil:lty were S\llllllled, yielding a 
range from 5 (very similar on all items) to 15 (sharply different 
on all items). Using the total scor·e.s 5-7 as "very similar," 8-12 
as "a little different," and 13-15 as "sharply diffe:rent," the 
following results emerged: (1) very similar, 48%, (2). a little 
different, 47%, and (3) sharply ~ifferent, 5%. The results indi­
cated considerable compatibility between the parents of the study 
population. 

Because of the ~portance of the teen-age years to later 
develo\)ment, we inclu<ied seven items in the ATC BQ to assess the 
ATCs 1 experiences at th&t time, as they were recalled. 

When asked to compare their physical growth with that of 
their peers in adoleoce:,ce, 62% of th!l study group believed they 
were about th2 same, 15% perceived their own growth rate as faster, 
and 23% as slower. 

Asked how athletic and fit they were in comparison wf.th their 
adolescent cla~smates, 44% recalled that they were about average, 
47% above average, and 9% leas fit. 

For 75% of the controllers, tha number of friends they had 
in high school seemed to be about the same as otters, while 16% 
rece1led that they had more friends than others, and 9% recalled 
having fewer friends tha.n others. 

Twenty-six percent of the study group reported that they had 
eer1Dualy conaidered quitting hi.gh school once or tvice, 9:t had 
considered it mere frequwtly than once or twice, and. 58% had never 
conRiderod quitting, 

• 

• 

• 

I 
I 

! 

I 
I 
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Seventy-seven percent of the ATCs reported that during their 
last yE-.ar in high school, they went out socially with girls one 
or more ttmes a week, with 11% reporting that they went out four 
or more times a week. Twenty-three percent recalled going out 
with girls less than once a week. 

The relationship between thP. ATCs and their parents during 
the ATCs' teen tears was described as about average by 56% of the 
participants, as better than that of most others by 30%, and as 
worse than that of others by 14%. 

·The majority of the study group (62%) had their first alco­
holic beverage outside of their hoge by the time they were 16 
years of age. Another 35% had their first drink outside of their 
home by the age of 20; 1% never drank, and 2% were c;er 21 years 
of age before they drank outside of their home. 

The ext~nt to which the social ch~racteristics described both 
in Section III A l and above are predictive of future health change 
is reported in Section V, Predl.ctive Findings. 
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SUMI!ARY 

fiealth History and Health-Related Behavior 

Family health histories, elicited during visits to Boston Univer­
sity Medical Center, revealed the following: 

1) 73% of the ATCs had one or more relatives 
who had had a heart attack or who suffered 
from angina; 

2) 25% of the ATCs had fathers who had suffered 
either a hp~rt attack or angina; 

3) 50% of the controllers had some femily members 
with hypertension, 20% of the controllers 
having fathers.with hypertension and 20% having 
mothers with hypertension; 

4) 40% of the men reported cancer among their 
relativas; 

5) 43% of the men reported allergy in their 
families. 
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2. Health History and H.ealth-Related B<!havior 

Rationale 

Any attempt to explain health change in a population is 
incomplete without knowledge of the health histories of its 
members. Large studies of the health of industrial populations 
have shown that a signi~tcant, though weak, predictoc of future 
health change is tbe frequency of iilness in the past. In addi­
tion, a complete medical examination has traditionally included 
data both on family history of dise8.8e and personal di.lease his­
tory. 

The impact upon health of a variety of daily life habits 
has been well established. Adeq~cy of sle~p and regularity of 
meals lwve been a~.sociated with five-year surviv-!\1 rates in free­
living communiti<.S as studied by Belloc and Breslow". The use 
of cigarettes and other tobacco products has been associated 
with ill health and increased mortality in a variety of studies. 
One's choice of beverages has been related to future incideuce 
of gastric ulcer. Hence, it was deemed important to obtain $ 

family history of disease and a history of p~rsonal he<lth and 
health-related behaviors at each of the five examinations of 
the ATCs at Boston University Medical Center. 

There were two specific reasons, in addition to medical 
tradition, for includir.3 these factors. First, it was import­
ant to determine w~ether the rate of health change in air traffic 
controllers as a group followed from a particularly high or 
particularly low frequency of such health problems in the family 
background or earlier life history of the ATCa. The health his­
tories and habits were necessary to test the hypothesis that a 
high rate of a particular disease might be observed in this 
sample of ATCs because some inadvertent £election factors had 
brought a high risk group into the study population. Secondly, 
to determine the independent contribution of c~rrent life stresses 
in illness causation, one would need to know tt.e extent to which 
the illne•s was predictable on the basis of famlly or personal 
health his~ory or habits alo~e. 

Findings 

• 

At the intake examination, ATCs were asked to indicate which, 
if any, blood relatives had ever had any of the following condi­
tions: heart attack or angina; stroke, high blood pressure, asthma/ 

• 
• 

Belloc, N.B., RELATIONSHIP OF HEALTH PRACTICES &ID MORTALiTY. 
Prepublication re?Ort. Human Population Laboratory, Californi.:.:l 
State Depart!llent 'lf Public Health, Berkeley, .California. 

• 
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hay fever/hives or ecz~a, diab~tes (~ugar disease), nervcus 
disorder, liver disease (jaundice), anemia or bleeding dis~ase, 
kidney disease, cancer or leu":emia, suicide, peptic ulcer, em­
physema or other chrunic luag dieease. At each subsequent 
examination, ATCs were ·asked for a11y additional report of relatives 
who had developed any of these diseases and also fot an updale 
of the record· if they had, in the interim, learned of the pre­
sence of any of the diseases in relatives with whom they may 
not have had regular contact. } m~dical history was elicited 
for the father, mother, grandparents, uncles or aunts (1! 
blood relative), siblings and offspring of the ATC. The Medical 
History Questionnaire is appended in the Exhibits section of this 
report. 

The most commonly reported familial health condition was 
heart attack or augina. In all, 73% of the men reported one or 
more of the relatives with such a history, including 25% who 
reported this for their fathers. Hl~h blood pressur~ was reported 
in the family by 50% of the controllers, with fathers and mothers 
each mentioned by about 2C% of the men. The next most frequently 
r.~ported health condition was cancer, mentioned by 40% of the men. 
In this case, grandparents and other bl~~d relatives older than 
the subject were reported more than three times as frequently as 
either parent. The allergy category was mentioned by 43% of the 
men. Interestingly, the relatives most commonly affected were 
sons and daughters, reported by 17% of the men. 

At each of the subsequent examinations, 2% to 3% of the ATCs 
reported an additional relative to have been affected by one or 
more of the more common of diseases from among a comprehensive 
list. Coronary disease, &troke, high blood pressure, and cancers 
were the most commonly reported subsequent family illneaGes, as 
might be expected by their freque"~Y in the general population. 

The personal health history of the ATCs is reflected in the 
discussion on past anU present illnesses at intake into the 
study (Section IIIC3), and health-related behavior is discussed 
in the context of its relationship to later he<lth change 
(Section VA). 

I 
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SUM!1ARY 

Person~lity Characte-istics 

Although personal~ty characteristics have frequently been related 
in research studies to illness experience, few studies have been 
able to separate personality characteristics resulting £1.-ot!l. and 
those antecedent to, any illness outc:oc.le, nor have these studies 
shown the bioiogic:al mechanisms transmitting the influence of. per­
sonality. 

Our prospective study of air traffic controllers provided an oppor­
tunity ta atteQpt to clarify these and other issues raised regard­
ing personality influence on Yealth outcome. 

Six different instruments or scales were selected to measure or 
assess the.s:e (Jersonality chara(~teristics, each described in turn 
in the sections following • 

. _,.-· . ' 
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3. ~ality Charac.teristiCft 

One of the long-standing controversies in m~dicine relates to 
the question of whether or not personality chal"acteristics ptedis-

• 

pose either to specific diseases or to c11.sease in general. A!l ex- "'; 
tensive literature (\Ieiner, 1977) has explored ~he relati~".ships 
particularly to certain diseases con~ider~d to ~ave more probab1 e 
connection wi":h personality and hence !abeled "psychosomatic" !n 
nature. 

The crux of the controversy ov~r the influence o( personality 
on disease lies in two main uncertainties: First, most of the 
studies reported to date were unable to prove that the personality 
characteristics often found to be conccmitant with certain diseases 
wt!re in fact c:1ntecedent tc the onset of the disease. As the st•l­
dies '::!~re typically retrospective in nature, it was usually not 
possible to separate personality characteristics resulting f-ro!D., 
and those antecedent to, any disease outcome. Second, studies in 
which personality characteristics were corr~lated with disease 
ihitiation or maintenance did not pUrsue how the personali;y at­
tributes might have been linked to ~he biological mechaninms of 
the disease. As physiological and endocrine measurements were 
rarely made together with personality assess~en~s, little evidence 
of the process of personality infJuence on illness cottld be of­
fered. 

Another provocative question was whether personalJ~y charac­
teristics could·in themselves predict certain diseases, whethe~ 
a personality pattern (e.g., a pattern of dependency) was only 
activated under certain circumstances; or whether personality 
attributes played only a partial role in combination with oth~r 
prediSp.osing .. ';a(..t.ors (e.g., life change, genetic predisposition, 
or other oody faccors) to initiate illness. Compli<nting these 
many Ciues tiordl has been the additional possibility t~1at specific 
personu!.i '"...y characteristics may relate to cerl:ain sub-types of 
d.•.sease and th.i.\t better •mdo!rstaildin~ of the. influence o.: person-
al tty au d:tse~R'! initiation or maintenance may await greater clarity 
ir speci£y~ng d15eboe sub-types. 

As our prospective study of air traffic controllerc r~oviied 
a good opportunity fur possible clarification of some of theo~ 
questions as well as an opportunity ~o ~nswer, for tb{s ~articu­
lar population, whether or not t.heir illnesse~J could be predicted 
in any way by personality characteristic3,.·we were eager to utilize 
m~asurements of personality characteristics that would allow com­
parison with (>ther research finct.ing&, and would provide us with 
scores having generally accepted reliability and validity. ' 

·• 
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After considerable thought, w~ selected six different instru­
ments or scales, each of which vill be described in tun., along 
with the rational~ for selection o: that particular measure. ThP. 
predictive value of personality characteristics as measured will 
be discussed in Section V, Predictive Findings. 
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SUMMARY 

The California Psychological Inventory (CPI) 

The CP!, a commonly used inventory of everyday personali~y traits 
arra~~ed to measure· 18 different dimensions, was administered to 
the A'fCs at their second Boston University Medical Center exana:i::..•­
tion. 

Relative to 5000 U.S. males in the original standardization sample, 
the controllers as a group scored within a normal range, and show~d 
group tendencies toward strong, dominant, agressive, independent, 
sociable, conscientious and self-confident personalities who dis­
like and teel uncomfortable with outside regulation and authority 
and who are somewhat intolerant of people different from theoselves. 

• 

• 

• 
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a. The California Psychological Inventory 

Rationale 

Our first requirement was for an instrument that would ?~a­
vide an acceptably valid and reliable general assessment ~f per­
soDality traits. We considered a number of multitrait personality 
inventories, including the Minnesota Multiphasic Personality In­
ventory (MHPI), the Sixteen Personality Factor Questionnaire 
(l6PF) and the California Psychological Inventory (CPI). 

As the HMPI concentrated primarily on psychopathology, which 
we had other means of assessing, and the 16PF was initially re­
jected by the air traffic controllers because of their bad exper­
ience with this measurement by other investigators At a previous 
time,* we decided against use of these measures. 

On the other hand, the CPI seemed to be an ideal choice for 
several reasons, and therefore was selected to be administered 
during the second examination at Boston University Medical Center 
as an instr~ent for assessing general personality traits. 

The CPI assesses eighteen personality characteristics (Gough, 
1960). It had been used in at leas: or.e previous st~dy of air 
traffic controllers (Trites, Kurek and Cobb, 1967), providing us 
with data for possible comparison and interpretative assistance. 

Th~ CPI focuses on more positive, everyday personality 
traits, such as do~inance and responsibility. Its content con­
sists· of questions about typlcal behaviors, feelings. opinions 
and attitudes of a respondent about social, ethical and family 

. ~tters. It is notable for its lack of psychopathologically or 
.\:_~ptom-orienterl ~.o..'lterial. Finally, t.he CPI has been used in 
:.;·;~erally hundreds of rest>.arC'.h studies, and therefore a large 
- liter3ture was available regarding its use and interpr~tatioa. 

These con~iderations were bolstered by high praise from a lead­
ing psychometrist (~nastaai, 1968) and by the detailed review of 
validity, reliability and payc~ometrtc research on the CPI by 
Hegargee (1972). · 

Findings 

Table 12 lists the names of the eighteen CPI scales and des­
cri?tive chnract~ristic~ of persons who score high on each of 

• Although the air traffic controllers initially rejected tha l6PF, 
by the time of the fifth round of examinations at Boston~niver-
~ity Kedical Center, they had changed their view and demonstrated 
their confidence in us by allowing ua to administer the l6PF to them. 
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TABLE 12 

Callfornl& Psychologies! Inventory 

Scale Names and Descriptive Characteristics Scale 

Seale Name 

Dominance 

CapacIty for Status 

Soclablll ty 

Socia I presence 

Se I f""aceeptance 

Sense of wei !·being 

Responsi bIll ty 

Socialization 

Self-control 

Tolerance 

Good Impression 

Communa II ty 

Achievement-conformity 

Ach 1 eveme.1 t·l ndependence 

Intellectual efficiency 

Psychological mlndedness 

Flexibility 

Descriptive Characteristics of High Scores 

Ambitious, dominant, forceful, aggressive, persistent 

Discreet, forgiving, Imaginative, Independent 

Clever, confident, wide·· Interests, outgoing, 
sociable 

Adventurous, pleasure-seeking, self-confident, relaxed 

Confident, enterprising, Independent thinking, 
sophisticated 

Dependable, good-~atured, free from worries 

Cap~ble, conscientious, s~rious, useful, responsible 

Adaptable, efficient, honest, sincere, high social 
maturity 

DependAble, logical, self-controlled, frc,edom 
from Impulsivity 

Forgiving, genarous, good-natured, soft-hearted 

Adaptable, changeable, conslderatft, kind 

Cautious, conscientious, deliberate, non~rand~ess 

Ambl ttous. capi!.ble, intelligent, logical 

Foresighted, Independent, lnteiHgent, versntlle 

Capable, confident, efficient 

Foresighted, Independent, responsive to inner 
needs of others 

Easy going, highly adaptable, optimistic, spontaneous 
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these scales. Figure C displays the ~I profile for the 391 con~ 
troller.s completing the questionnaire during their second examina­
tion at Boston University Me~icai Center (1 <>f ~he 392 who came 
to the second examination was not ~ncluded because his scoces in­
dicated that he was randomly answering the questionnaire). The 
controllers' mean scale scores are plotted relative to 5,000 
males in the original standardizat!.on study (Gough, 1960), where 
50 was the ave~age male score and 10 was the average standard 
deviation. 

Relative to the atandnrdization sample of middle class Ameri­
can males between the ag~~ of 18 and 50, controllers scored quite 
high on the Social Presence, Domirtance and Self-Acceptance scales, 
indicating dominant, independent, outgoing, adventurous and cOn­
fident personalities in general. 

The controllers scored GUite low on the Responsibility and 
Socialization scale of the CPl. These two scales assess what one 
might call "respect for authority" in that very low scores are 
typical of ·juvenile de~inquents, parolees, prisoners and other 
social misfits (Megargee, 1972). High scorers on these two scales 
tend to be in positions of leadership in their schoola, ·communi­
ties and organizations. The low score for the controllers indi­
cates not a lack of-responsibility nor a J.ack of socialization 

• 

as the scale ~~s would suggest, but rather a low regard for rules 
and regulations and a tendency to do things as one wishes in order 
to get the10 done. · 

The controllers scored in the low average range on the Self­
Control ·scale reinfotcing th~ previous profile of dominant, force­
ful, aggrt!se:ive and self-confident p~rsons who dislike rules and 
regulations, P.nd do not mind treaking laws or other external r~­
trictions. 

In all of the remain~ scales the controllers scored in the 
average range, with slight elevations for being cauti~us and con­
scientious (Communality), for achieving in more ir.dependently 
oriented ways rather than confotming ways, and for being psycho­
logically minded. Th91r Intellectual Efficiency scores were aver­
age as were their Flexibility and F3D1ninity scores. 

The CPI also provl.ded three of the validity scales used in 
this study. The Sense of Well lleing scale is· an inv<Orse "faking­
bad" seale; that is, a person scoring extrE!Dlely low (below 11 
scaled score of 30) is likely to pe desc~btng himself in an ex­
cess,ively negative fashion. Studies have shown that people who are 
very upset will score in a mot·e moderate ranga (30 to 40) than per­
sons who are ~ttempting to make themselves look·very bad (Megatgee, 
l972). As a group the controllers had a slight tendency to describe 
themselves -·ln less than optimum fashion, but an analysis of indivi-

• 

• • 
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FIGURE C 

CALIFORNIA PSYCHOLOGICAL INVENTORY PROFILE 
OF 391 AIR TRAFFIC CONTROLLERS 
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dual records indicated that only a very few scored in the "faking­
bad" direction. These individual records were examined and other 
data were used to confirm whether these men were in fact feeling 
.. a bad as their scores indicated, In all cases the additional 
data (medical, psychiP.tric and biol·:>gical) confirmed the men's 
self description. 

The 6econd validity scale provided by the CPI was the Good 
Impression scale. The Good Impression· scale assesses "faking­
good, 11 an extrem.a.ly high score indicating an attempt to make one­
self look better than is probably true. Again only a very few 
controllers scored very high on the Good Impression scale. For 
these few men, other data indicated a strong need to be seen in 
a good light, but on the other hand, they did not deny instances 
where they were not performiag or feeling up to their ideal. 

Finally the Communality scale indicates the degree to which 
a respondent's answers are consistent and systematic. Very low 
scores on this scale indicate. random answering, concealing feel­
ings and beliefs. One of 392 men tested scored below 30, which 
suggested random answering. Examination of his individual profile 
and the rt:mainder of his data showed that the CPI resu~.ts were 
confused and inconsist~t hue that his other Jata were not dis­
ordered. It may have b~en that this one man did not align his 
answer sheet with the yroper questions and the~efore systematic­
ally misanswered all of the remainirg it~R. ·since his score 
was so deviant and his answers were so inconsistent on the CPI. 
we discarded his resultg from all analyses using CPI scores. 

In summary, the CPI indicated that controllers score_d in 
essentially a normal fashion with group tendencies indicating 
strong, dominant, agresslve, indep~ndent, sociable, conscientious 
and self-confident personalities who dislik~ and feel uncomfor­
table with externally imposed regulations and authority, a"d who 
are somewhat intolerant of people different from. themselves. The 
validity scales ir.dicated that very few men (a maximum of 30 over 
all three faking scales) had vtrong tendencies to describe them­
selves eith~r very favorably or very unfavorably, In all but one 
case the results were constdered valid becauwe there was confirm­
ing data from other s~urce~ as to their di!ferent status. 

The value of the 18 CPI personality variables in predicting 
health changes occurring after the second ~ination at Boston 
University are reported i::a Section V, Predictive Fi.ndings. Uee 
of the "faking-good" and "faking-bad" scales to check the valid­
ity of other self-reported data is di<cussed in Section lV, E•!i­
dence for the Validity of Self-Reported Data. 
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SUMMARY 

Th~ Jenkins Activity Survey (JAS) 

The JAS, measuring "Type A behavior pattern," was administered to 
the ATCs as a potential predictor of health change. Type A per­
sons are hard-driving, competitive, fmpatient, agressive, hurried, 
job-involved, achievement oriented, conscientious and responsible. 
Type A behavior has been associated in other studies with increased 
riF,k of coronary hl:art disease and atherosclerosis. 

Four JAS scores were provided: 

1) Extent of Type A bet,aVior pattern; 
2) Speed •~d Impatience; 
3) Job Involvement, and; 
4) liard-driving competitive. 

• 

• 

' • 
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b. The Jenkin<> Ac ti vi ty Survey 

Tha Jenkins Activity Survey (JAS*) was designed to measure 
the Type A behavior pattern which has been associated in recent 
studies with increast!d risk of coronG.ry heart disease and athero­
sclerosis. Aa this nelf-administered, computer-scored multiple 
choice queStionnaire has been administered to many thousands of 
American and European men over ll yea.rs of development and stan­
dardization, it was quite natural that the questionnaire was 
selected to be administered to the ATC population of the present 
study as an additirn•~ test of its value in predicting health 
changes. The ATCs were given this questionnaire duting their 
second visit to Boston University Medical Center. 

The JAS provides four scores: 

The first score represents a clinical judgment as to the ex­
tent of Type A behavior pattern defined by the cardiologists Rosen­
man, Straus, Friedman et al. (1964). Scores i.n the positive di­
rection indicate increaaing intensity of the Type A pattern, ~here­
as scores in the negative direction signify the converse Type B 
pattern. Type A persons are hard-driving, competitive, impatient, 
always in a hu~ry, aggressive, committed to their profession, 
achievement oriented, conscientious and r.esponsible. In contrast, 
Type B inrlivtduals are more calm and relaxed, more interested in 
the quality of life than quantity; for the most part they are 
also intereated in good perfo~ance and good success, but they 
seek their goals in a less pressurad, less intense mnnner. Scores 
on the Type A scale have been found in several independent studies 
to be higher in patients with coronary disease than in controls, 
and high scores were also associated with higher riska of develop­
ment of I"PW clinical coronary disease and recurrent myocardi1:11. 
infarction. The Type A behavior pattern is a complex syndrome 
which is composed of three major independent dimensions. These 
dimensions are meaauted by the re~<1aining three scores generated 
by tha JAS. 

Speed and Impatience, This scale, derived by factor analysis, 
measures the tendency to do things quickly, to be always in s hurry, 
to be impatient with others when they speak or work slowly, to have 
a strong temper and to be willing to express feelings forthrightly. 

Job Involvemel<t. This scale is composed of items depicting 
one's work situation as containing many pr~ssures, tmporta~t ~ead­
lines, demands for overtime work~ many challenges and unexpected 
problems needing attention and· eorreet1.on •. 'In allt!it::lon, f:h18 ocala 

• Available from the Psychological Corporation. 
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includes it..,.s which indicate that high scorers will also re­
ceive promotions and pay increases in response to their jo~ 
dedication. 

Hard-dri•ing, Competitive. High score=s on this scale 
describe themselves as being hard-driving, competitive, con­
scientious, and more serious than other people in the same line 
of work. They will also state that they put forth mota effort, 
need to hurry more often, and have been told by family members 
and others that they are too sccive and need to slow down. High 
scorers can be characterized. by the motto, "We try hArder.

11 

The relationship between these scores and health changes 
is discussed in Section v. 

! 
I 
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SUMMARY 

Sixteen Personality Factor Questionnaire (16 PF) 

Because the 1.6 PF had been used in previous studies of air traffic 
controllers, it was selected to be administe.~ed to this study popu­
lation for purposes of comparisons across ATG groups. However, as 
previous experiences of the ATCs with this instrUCtent in vthe·c 
studies caused reluctance to cooperate in administration of the 
questionnaire until the last examination period, the results could 
not be used Jor predictive purposes, but could be used in retro­
spective comparisons of men with different health change history 
over the three-year study. 

In comparison with 1,147 males in the U.S. comprising the original 
normative sample used in devising the 16 PF, the present ATC group 
scored significantly higher on dimensions of intelligence, ego 
strength, dominance, elation, group conformity, boldriess, self­
sufficiency, compulsivity and free floating anxiety. The At'Cs 
scored lower than the U.S. males on dimensions of emo,tional sP..usi­
tivity, anxious insecurity, scphistication, guilt proneness, and 
criticalneos. 

The results were consistent with those found f~r a national sa~ple 
of air traffic contro.llers. 

• 

• 
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c. Sixteen PersoUality Factor Questionnaire 

In an earlier section ve described how our subjects, located 
at Air- Route Trnffic Control Centers and Towers, compared with 
renpect to age and experience with national samples of controllers 
at these sNile types of facilities. The r,arlier results were used 
ta h•.lp estal.>lish the comparability of ot.r subjects with other 
controllers around the country. This section describes and inter­
prets certain comparisons between our air traffic controllers and 
the original normative sample used in devising the Sixteen Person­
ality Factor Questionnalre (16PF). In addition, the rationale and 
procedure for use of the 16Pf in this study is explained. 

Rationale 

The 16PF exists in four forms (A,S,C,D) and two revisions 
(1962, 1967). ~ecause a number of studies were available in which 
the 1962 Form I version of the 16PF was used on air traffic con­
trollers, we selected this same versiOn for our study e"en though 
it was not the most recent version. However, use of the 16PF pre­
sented several problems. Firat, the controllers were very sensitive 
about taking the 16PF because, according to them, there had be&n 
repercussions on individuals as a consequence of its-previous use 
by other investigators. Hence, although the 16PF would have been 
most useful at the intake examination, we were unable to obtain 
cooperation at that time for its administration. Rathe~, we had 
to wait until the fifth and last examination befol'e the men were 
sufficiently comfortable and ccnfident ~.n thei1: interaceio.ns with 
us to allow us to administer the 16PF. 

Of the 388 men present for the last examination, 387 completed 
th.e questionnaire, with on~ man still refuaing to cooperate. ·For 
dascriptive purpose3, the results based on 387 are adequately re­
presentative of the results we might have obtained with the original 
416. 

Findings 

Table 13 lists the 16PF sc&les and provides a raw seore des­
cription, the general characteristics being assessed and the high 
score description for each scale. Figur« D plots the 16PF profile 
of controll•,ro in this study with the disf:ribut~on of scores among 
1,147 male~ in tha general U.S. populetio11. The cc~parison indi­
cat~• that controllers score significantl:r higher on the persona­
lity Jimono.lon& of intelligence (B), e~o strength (C), dominance 
(E), elation (F), group conformity (G), bo~dnesQ (H), self­
sufficiency (Q2), compulaivity (Q3), and free floating anxiet1 (Q4). 
On the other hand, the controllei'& scored lowe't than the normative 
population on the persJnality dimensions of ~otional senaitivit) .. 

' . .,.; 
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Sixteen Personality Factor Questionnaire 
Scale Names and Descriptive Charac• ... :sties 

Low ScQ.re 
Oeser i p't I on 

General 
Charac.teri ~t :c 

Reserved, detached, 
critical, alwf, stiff 

Dull 
Low Intelligence 

Affected by feelings, 
emotionally less stable, 
easily upset, changeable 

Humble, mild. easily led, 
doc II e , accommodating 

Sober, taciturn, serious 

Expedient, disregards 
rules 

Shy, timid, threat· 
sen sf t I ve 

Tough-ml nded, se I f .. 
reliant, realistic 

Trusting, accepting 
conditions 

Pract leal , 11tiown·to­
earth11 concerns 

Forthright, unpreten­
tious, genuine but 
soc ia II y c 1 umsy 

Self-assured, placid, 
iecure, complacent,$erene 

~onservatlve, respecting 
traditional Ideas 

Group dependent, a 11Jolner11 

and sound follower 

Undisclpl ined self-confl let, 
lax, follows own urges, 
car~less of ~o~ial ru~es 

Relaxed, tranqui I, torpid, 
unfrustr·ated, composed 

warmth 

Intel I iyence 

Ego strength 

Dominance 

Elation 

Group 
Conformity 

Boldness 

Emotion a I 
Sensitivity 

Anxious 
Insecurity 

Bohemianism 

Sophist:catton 

Gull t 
Proneness 

Crit;c.aloess 

Self­
Sufficient 

Compuhhdty 

rree·fioat l,jg 
Anxiety 

Hi-Jh Score 
Description 

0~(>;.-:ling, wa:.nhearted, 
easygoing.- participating 

Bri~ht 
High intelligence 

Emot:onaily stable, 
mature, faces reality, 
calm 

Assertive, aggressive, ccmpet· 
ltive·, stubborn 

Happy-go"' I ucky, enthus·i as tic 

Conscientious, persistent, 
moralistic, staid 

Venturesome, uninhibited, 
socially bold 

Tender-minded, sensitive, 
clinging, overprotected 

Suspicious, hard 
to fool 

Imaginative, bohemian, 
absent~mlnded 

Astute, polished, ~oclally 
aware 

Appreh.:-ns I ve, se I_ f .. reproach 1 ng 
insecure, worrying, troubl~d 

Experimenting, I iberal, 
free-thinking 

Sel f-"Sufficient, ·resourceful_. 
prefers own decisions 

Controlled, exacting will 
power, socially precise, tnm­
puhtve, following self-im,;ge 

Tense, frustrated, driver., 
overwrought. 
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FIGU.'tE D 

SIXTEEN PERSONALITY FACTOR QUESTIONNAIRE PROFILE OF 
387 AIR TRAFFIC CONTROLLERS 
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(I), anxious insecurity (L), sophistication (N), guilt proneness 
(0) and criticalness (Ql). These results were entirely consis­
tent with those reported by Karson and O'Dell (1974) regarding 
the general personality characteristics of their national sample 
of air traffic controllers. 

In general, the 16PF Questionnaire results indicated that 
the controllers were more like the general population of males 
than not. But, on the oth~r hand, they had several predominant 
personality characteristics including intellectual orientation, 
compulsivity, and self-sufficiency. Along with the California 
Psychological Inventory results (see Section III B 3), these re­
sults indicated that the air traffic controllers were intelligent 
persons whose anxieties were controlled by meticulous co~pulsive 
behavior, who tended to be dominant and group confo~ing but who 
also held beliefs that authority and regulations were obnoxious. 
They tended to be bold and to be som~·hat lacking 1n emotional 
sensitivity. Anxiety and conflict, rather than causing guilt, 
tended to result in conformance to group expectations. This type 
of conformance included verbal manifestations, but not necessarily 
conformance in actual behavior or physical symptoms of illness. 
This result has been suggested before (Karson and O'Dell, 1971; 
Karson and O'Dell, 1974), but in this study we had the first op­
portunity to validate this suggestion. 

Since the 16PF was administered at the last exa,ination, we 
could not use tt for predictive purposes. Ra~her, it was included 
pr~arily for descriptive purposes and to provide retrGspective 
comparisons of men who had different health change histories over 
the course of the study. Since our subject population of control­
lers scored so similarly to the notional samples of K&rson and 
O'Dell (1974), we could expect that our retrospective comparisons 
would have utility for screening purposes 1n late~ studies~ 
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SUMMARY 

PSY 130 

A series of true-false scales were administered to measure the 
following dimensions: Hypochondriasis, Depression, Hysteria and 
Anxi,ty. 

The Hypochondriasis and Hysteria measures were used as validating 
checks- on self-reports of illness to ascertain whether or L.Ot 

these psychological tendencies were responsible for increased 
repOrtir~ of symptoms. The Depression and Anxiety scales were 
used as potential predictors of health change. 

--------------------·· 
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d. PSY 130 

At the third examination a series of true-false psycho­
logical scales were administered as a single instrument which was 
labeled "PSY 130." This same set of 108 true-false items had been 
used in previous studies at Boston University School of Medicine 
under the name, "The Boston Health Study." The scales of this 
study were derived from the Minne·sota Multiphasic Personality In­
ventory (MMPI) (see Dahlstrom, Welch, and Dahlstom, 1973, for de­
velopment and validation informat.ion· also Zyzansk.i, et al. 1976), 
and consist~ of the following d:'i.me·.,sions: 

Hypochondriasis. This scale is a measure of the tendency to com­
plain about symptoms of physical !.11-health, particularly under 
the circumstance that no oxganic basis can be found. Although 
MMPI research has found that pe:t~ons diagnosed as hypochcndr1 l.cs 
by psychiatrists score very high on this scale, it has also been 
established that persons with documented organic disease also 
score somewhat above the populs.tion ,IJ,Veragoe in most instances .. 
The hypochondriasis scale was i.ncluded in the ATC HCS on a single 
occasion as a validity check to s~e to what degree s}'h1ptom com­
plaints by participants mtg~t '>e correlated with this personality 
tendency rather than with demonstrable physic.al disease. 

Depression. The standa~d ~~I depression scale containing 60 
items was judged to be too lor~ for most research purposes. The 
ahort form of this scale devel.ope<l by Dempsey (1964), 9IId found 
to have greater reliability than the original scale, was included 
in the PSY 130. 

Hysteria. The full hysteria ocele of the !~I was included for use 
along with the hypochondriasi< scale to ~etermine whether hysteri­
cal hypochondriP.cal features wece possibly making a ~jor contri­
bution to reports of ill health. For ...,ny kinds of health problems, 
the dia~nosis depended far ~re heavily on self-report of signs Lnd 
symptoms than it did on labo<atory findir.gs, and hence a check for 
the presence of bias and par~icularly for individuals who might be 
prone to such bias in the r~por~ins of symptoms was a methodological 
precaution. 

Anxiety. A short form of the, Taylor Manifest Anxiety Scale devel­
aped by Bendig (1956) was th•, fourth and final scale iocluded in 
PST 130. The Taylor Manifest Anxiety Schle has been f~equently 
used in research and has bec.ome established as an accept:able mea­
sure of clinical anxioty. Tbe Bendig scale, containing the 20 
strongest of Taylo:' s 50 iteaa • serv'!d as at· independent meaSure 
of anxiety at tb., third examination. Both tl.£ Bendig anxiety scale 
and the Dempsey depression scale were founrl, in a study'by Zy~anski 
and colle~gues at Boston University Medical Center (ZyzanQki et al., 
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1976), to be associated with increased amounts of atherosclerosis 
as dete~ined by coronaty angiography. The PSY 130 thus cont~ined 
two scales which had demonstrated association with organically 
determined cardiovascular illness (a general category of di~easc 
to which the ATCs were considered to be part.icularly vulneraOle) .• 
The ?ther two scales (HS and HY) had :.,een shown in other studies 
to be associated more with complaints of d~sease and ~ymptoms of 
psychological origin as contrasted with organically demonstrable 
disease. The PSY 130 was used, therefore, both as a validating 
check on other data and as a potential. predictor of health change. 
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SUMMARY 

Anomie 

To test the hypothesis that individuals who feel alienated from 
society and powerless would be at greater risk for illness, five 
statements representing feelings of alienation (Srole role anomie 
scale) were embedded in the ATC Biographical Questionnaire admin­
istered at intake. The ATCs were asked to indicate their relative 
agreement or disagreement with the anomie indicatora. 

The total score distribution for the anomie scale allowed identi­
fication of three categories: 16% of the ATCs were classified as 
anomie, 124 as eunomic and the remaining 72% as "neither." Anomie 
correlated significantly (and inversely~ with five measures of job 
satisfaction, as would he expected. 
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E. Anomie 

Rationale 

The degree to which an individual feels integrated in his 
inter~ersonal relationships and reference groups can be described 
on a eunomia-anomia continuum. The former refers to a person who 
is well in:egrated while the latter describes a person who feels 
separated frOm society and reference groups. The term anomie has 
been used generally to describe this entJ.re continuum in whi"Ch a 
person low- in an_vmie would have a £;eneralized, pervasive oense 
of "belongingness," whereas a pers;;n high in anomie would feel a 
sense of "alienation" (Srole, 1956). At the high end, anotnie 
represents the following five components: 

the individual's sense that coumunity leaders are 
detached from and indifferent to his needs; 

the individual's perception of the social order 
as essentially fickle and unpredictable such that 
he can accomplish little toward realizing future 
life goals; 

the individual's view that he and people like him 
are rP.trogressing from the goals they have alrearly 
rt::ached; 

the indtvidual's perception that his frameworks of 
immediate personal relationships are no longer 
predictive or supportive. 

. Not surprisingly, anomie has been related empirically to a 
· variety of negative factor~. such as elimination of creativity, 

feelings of estrangement fr~ the products of one's work, aelf­
... alienation, feelings of meaninglessness, isolation. and powter-

leaunesa (Israel, l9f,8; Mills, 1951, 1962; Seel!lan, 1959). It has 
· , abo been related to mental health problema (Reinhardt, 1972; 
• Ralmsnis, 1974). Thoe study team hypoth.,aized that ATCs wh" were 

anomie would be at a g~eater risk for negativ~ health change; 
·c thua, a meuu~e oZ 11n011ie (Srole, 1956) wu includec!. 

an0111.ie was seen as an end,J.ring trait, it wa• meuure:l 
intaka, and ... bedded in the l.l'C BQ using the following 

,,atatea•ents: 

Thooe days a person ~oesn' t really know whom he can 
count on. 

..•. ( 
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Nowadays a person has to live pretty much for today 
and let to~~r~ow take care of itself. 

89 

Most public officials (people in governm~nt offices) 
are not really interested in the problems of the 
average man. 

In spite of what some people say, the condition of the 
average man is getting worse, not b~tter. 

It is hardly fair to bring children into the world with 
the way things look for the future. 

Each of these statements was followed by four response cate­
gories from ustrongly agree" to "strongly d.i~Jagree," thus permitting 
a range of scores from 5 to 20 with low scores representing the more 
anomie responses. On the basis of the men who completed the scale 
at intake (n•409), it was determined from the total score di3tribu­
t1on that three categories of individuals could be idenr.ified -­
anomie, eunomic, and neither of these. Sixteen percent of the ATCs 
were classified as anomie, 12% as eunomtc, and the remaining 72% 
were classified as "neither." This rather lopsided catP.gorization 
occurred because of the larg£ number of scores in the center of 
the total possible score distribution an:! the smaller frequenc_ies 
of extreme scores. Since anomie waa beJng measured by only five. 
atrongly-~rded attitudinal questions, this conservative approach 
to categorization seemed appropriate. 

One way to determine the validirJ of the measure of anomie 
was to ~xamine its relationship with ~ther variables. From the 
empirical literature, it was expecte: that anomi~ should bo re­
lated to job dissatisfaction. Since the work role is an important 
part of the person's life, feP.lings of anomie should be associated 
vi.ch apathy and ciissatisfaction with one's job. 'table 14 contail\8 
the correlations between anomie and the five job satisfaction 
variables. Si,ce hi~her scores on the anomie variables are indi­
cative of lea• anomie feelings, the relationships in the table are 
as expected. As can be seen from the table, anomie is significantly 
related to all five satisfaction variables. Furthermore, the higher 
values for coworker satisfaction, individual satisfaction, and group 
110rala are conaistent wtth o••r conception of the &DOllie variable, 
that ia, one would expect 1110re general feelillla o! job satisfaction 
to be aore closely related to anomie than attitudes toward specific 
job factors. 'i'ha higher value for coworker ntisfact~.on b lottical 
in that anoai., feelings an criticall" dependent on one'a social • 
support systea. 

Tna relationship of anomie to health chanaea is di~uased in 
Sect!on V, Pradict1ve Finding~. 
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TAELE 14 

Correlations Between Anomie and Job Satisfaction 

Satl•faction 

Correlation With Anomie Score 
(Higher Score· • less anomie) 

• 15* 

-32** 

.29*• 

.2]** 
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SUMMARY 

Marital, Family and Social Supports 

It was hypothesized, on the basis of available information, that 
a strong support system wo_uld modify or reduce an ATC' s risk for 
illness and injury. Three methods of determining support resources 
were: 

1) 4 questions in the ATCQ on marital support; 
2) 4 questions in the ATCQ on the availability of help from 

relatives, friends and co-workers; and, 
3) several items frm the ATC BQ, including household com­

poaition, relationships with wife and children, family 
decision-making and agreement between ATC and wife on 
family goals. 

Psy~hometric analysis showed the scales used to be acceptably re­
liable and to be measuring an independent variable. 

Social coping resources were found to be negatively related to de­
pression and anxiety and positively related to sociability, social 
presen~e and tolerance. 

The ATCs generally perceived themselves an more dominant in family 
decision-making. 

A large proportion of the ATCs were satisfied with their marital 
situation and felt in close agreement with their wives on family 
goals. 
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4. Marital, !amily, and Social Supyorts 

Rationale 

One would intuitively surmise, even without reading 
the scientific literature, that a person's marital, family 
and social well-being would have a substantial impact on 
his physical and/or mental health. This hypothesis was 
reinforced by evidence from the scientific literature that 
work satisfaction had bee,, related to life satisfaction in 
general (Kavanagh and Halpern, 1977), aad to specific family 
characteristics such as the presence of preschool children 
in the household (Quinn, Staines and McCullough, 1974) and 
marital satisfaction (Ridley, 1973). Investigators have 
also found a relationship between angina pectoris and family 
problems (Floderus, 1974; Medalie, Snyder and Groen, 1973) as 
well as satisfaction with co-workers (Medalie et al., 1973); 
and Jenkins (1976), in a review of the literature, concluded 
that a number of psycho-social factors, many of them directly 
intertwined with an individual's social support system, 
affect the risk of coronary disease. 

Health statistics for all developed sociP.ties, moreover, 
have shown that marital status is related to physic&l or men­
tal well-being. It has been consistently reported that married 
people have lower rates of both mental and physical illness, 
as well as life expectancies that are different from those of 
single, widowed or divorced people. Recent analyses have 1ndi­
cated in addition that ~rried men have an advantage over 
married women in lowe~ed risk of death from those diseases 
that are linked to social interactions, e.g., suicide, homicide, 
accidental death, or cirrhosis of the liver. 

Altogether, it was clear that the marital, family and 
aocial supports of the air traffic controllers in our study 
merited investigation and that an attempt should be made to deter­
mine whether or not these factors altered their risk for ill­
ness. The methods used to measure this aspect of the controllers' 
lives, and the descriptive results follow, while a discussion of 
the importance of the•e factors in the controllers' health 
changes i£ included in Section V, Predictive Findings. 
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a. Marital Coping Resources: The Air Traffic 
Controller Question:1aire 

B12cause ·.~e hypothesized that 2. controller who perceived 
his wife to be interested and supportive would have less 
illness than one vho perceived his wife to be uninterested 
and rejecting, we embedded in the Air Traffic Controller 
Questionnaire (ATCQ), described in detail in Section IIIBS, 

,a measurement of the marital resources available to the ATC 
to cope with any felt strain or stress in his job. 

The following four lt~ were used to measure this vari­
able: 

"How often do you ta!k with your wife about 
your feelings that are a consequence of your work? 

How do you feel about your wife sharing her 
trials and tribulations of the day when you 
arrive home? 

How understanding is your wife of your nP.ed 
to unwind at the end of a day's wo~k? 

How often do you feel embarrassed by many 
things your wife says and does" 

Based on the results of a pilot study and other psycho­
metric evidence described in Section IIIBS, a scale was deve­
loped, using.responses to these four questions as a measure of 
the ATC's perception of his marital coping resources. The pur­
pose of the remainder of this section will be to discuss the 
psychometric properties oi this·scale to determine the quality 
of the measurement of this variable. 

Measurem6nt Qualities of the Marital Coping Resources Scale 

Baded on the responses of the 410 men who completed the 
A!CQ during the intake examination, the internal consistency 
reliaoility of the =arital coping resources scale was .71, 
an acceptable reiiability under established measurement stan­
dards, The other major form of reliability of considerable 
importance to effect!ve meaaurc~ent is test-ret~at reliability, 
which reveals the stability of the measurement of the varJa­
ble over. t~e. Dased on the responses. of 383 men who completed 
the ATCQ on Rounds l and 2, ·1:he test-retest reliability of t'.ae 
marital coping resources scale was .69, an acceptable value, 
particularly since test-retest values are usu4lly lowe: than 
internal consistency reliabilities, It was concluded, there-

• 
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fore, that the scale measuring marital copihg resources was 
adequate in internal consistency and in stability ove1 t1me. 

Alo~ with determination of the scalP.'s reliability, 
we nee&ed to determine its validity. Although it was not 
possible ~o determine whether or not our four items in fact 
defined and measured what t·as intended, i.e., marital cupinz 
resources, it was pcs~ible to Jetermine whether or 10t Lhe 
scale at least was a measure of nn independent dtmension. 
This test wss made by examining the relationships between 
Various scales. A demonstration that no relationship exists 
between measurem.ei&t of one variable and othet's, where no 
relationship is expected conceptually or >mpi~ically may be 
considered positive evidence for the independence of the 
measures. There was no reason tt• o2Xpect the marital :oping 
resources scale to be correlated with any of the other ten 
sc•les in the ATCQ or with th~ industrial psychological vari­
ables described in lllBS, and none of the correl~tions with 
these vari~bles did, in fact, exceed .20. Or. the basis of 
these r-.umlts it was concluded that the measurP.JDent of IIL3ritaJ 
copinc; resources as o.efined by our questions wa.s sufficiently 
independent of these other self-report measures. 

As discussed in Section IIIA2, a variety of measures 
from the r~search project of Caplan et al. (1975) were included 
in Round 5 so that our results could be cumpared w1~· the r~­
sults from their ATC samples. Among the •rariables lt.duded 
were measures of social support pxovl.ded by "your wife, friends, 
and relatives," "y.,ur immediate supervisor," and "other peo.>le 
at >cork," in the following fo '~ situations: (1) making the 
ATC's work life eaRier; (2) ~ase of talking to these peop!e; 
(3) bein11 able to rely on these people when th<nga get tough 
at ,..,.,k; and (4) !low willing these people were to listen to 
the A'tC's personal problems. The cur:c~lati . .:ms between responseo 
concerning these three social supp~rt groups and those on the 
marital coping resource scale are ,resented in Table 15. 
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TABLE 15 

Correlations Between Marital Coping 
Resources -~nd Social St.pport Variables 

(N • 343) 

95 

Harital Coping Resources 

Support - Supervisor 
Support - Coworker 
Support- Wife, Friends, Relatives 

.07 
-07 
.65 

-Marital eoping resources we.re not expected to correlate with the first 

and as expected, the correi~tions were 

lstically non-significant. However, the rather close relationship 

the third social support variable involving the wife provided further 

idity evidence for the marital coping resources scale • 
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b. Social Coping Resources: 
The Air Traffic Controller Questionnaire 

Along with the marital co?ing scalP-, the ATCQ also con­
tained a measure of the social resources available to the 
ATC to cope with any felt strain or st~ess on his job. Again 
the hypothesis was that a strong social support system con­
sisting of friends, coworkers, or relatives would be associ­
ated with less health change than a weaker support system. 

Four ir.ema were used to assess the ATC's perception of 
his social coping resources. TbEo first thre£ asked: "If you 
or your family were struck by a -crisis or tragedy, ho~ many 
persons of the following categories could you really count on 
to help you?" This question was followed by "relatives," 
"friends," and "peopln. at work•• to complete the items. The 
ATC was to use a scale fram "none" to "8 or more" to answer 
these 1.tema. The last item asked: "How many people do you 
consider close friends who live within an hour's drive ol your 
home?" TiU!'A"Ics -:esp.,·nded on the same scale as for the first 
three itens. Based on the results of a pilot study and on 
psychometric evidence presented in Section IIIBS, these four 
items were combined into a scale to measure the dXC's percep­
tion of his social coping resources. 

Keasur•'!Dent Qualities of the Social Coping 1\esources Scale 

Using the responses of 410 men who completed the ATCQ dur­
ina the intake examination, the internal consistency reliabil­
ity of the social ~oping resources scale was determined to be 
.70, which is acceptable under measurement standards. Based 
on the responses of 383 men who completed the ATCQ on both 
Rounds 1 and 2, the test-retest reliability was .63, which is 
also acceptable. It was thus concluded that this scale had 
a good degree of internal consistency and test-retest stability. 

This scale ~a not expected, conceptually or empirically, 
to be related to the other scales on the ATCQ or to the indus­
trial psychological variables described in Section IIIBS. The 
results of the correlational analysis verified this expectation 
in that none <tf the correlations exceeded • 20. It was thus 
concluded thlt this scale was measuring this variable inc!epen­
dently of the other self-report measures. 

In accordance with the work of Raal and Cobb (1970), social 
coping resources were expected to be related to certain persona­
lity characteristics. Since both the CPI and certain scales from 
the HMPI (see Section IIIAJ) were administereu during t~e intake 
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Visit, we were able to c9rrelate these scales with the social 
coping resources scale. Social coping resourc~s were associa­
ted with low MMPI measureraents of depression, anxiety, and- the 
tendency to admit sympto~s, and with a positive tendency to 
deny symptoJDS. These fbdings are in agreement with those of 
Kasl and Cobb. High social coping resources were also related. 
to high sociability, social presence, and tolerance dimensions 
on the CPI. Considering the meanings of the CPI scales, these 
results are alao supportive of the validity of our measurement 
of social coping resources. It should be noted that all of 
these correlations were in the .20'~. indicating moderately 
low relationships. 
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As de3cribed above, three social support variables were 
measured in Round 5. Table 1~ contains the correlations between 
the social coping resources scale and the three social support 
measures. 

TABLE 16 

Correlations Between Social Coping 
Resources and Social Support Variables 

(N • 387) 

Social Coping Resources 

Social Support - Superviaor .20 

Social Support - Coworkers 

Social Support -Wife, Friends, Relatives 

.36 

• 24 

Although all three values are statistically significant, tha 
higher value for the social support by coworkers is in agreement 
with the emphasis in the social coping resources scale. The 
other lower, but statistically significant, values are also under­
standable since the social coping resources scale includ£d friends, 
relativea, and people at work. These results provide further 
evidence for the validity of the measurement of social coping 
resources in the ATCQ. 
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c. Biographical Items As Possible Supports 

·Household Composition 

Eight-seven percent of the ATCs had children living with 
them (2.3 average). In addition, as many as 14% had other 
persons (not including spouse) living with them, such as rela­
tives. in-laws, or friends. We cnmbined marital status and 
other peLsons in the home to mea~ure household composition 
for the sample. Not unexpectedly, the lar~est percentage of 
ATCs (66%) lived with a wife and children, and no other persons 
i~ the home. Seven percent lived alone, 4~ lived with a wife 
only, while 2% lived in a broken home ..-i·,h their c~ildren. 
Interestingly, 17% lived in what we called a complex home envir­
onment, o:.:hich meant !':hat the ATC was living with friends or 
"others:,·· regardless of marital status. Finally, 3% were 
living in "extended" home environments, which meant the pres­
enc!. of relatives. or in-lawo regardless oZ the ATC's maritaJ. 
Rtatus. 

Relationship With Children 

Seventy percent of the ATCs tn this study reported they had 
tak~n their children somewhere during the week preceding admini­
stration of the ATC BQ. When asked if th~y had taken their chl •­
ren so~ewhere during tt.e past month, only 6% responded that they 
had not taken their children to an eating place~ the movies, 
some entertainment or recreation~ or to visit: ... friend. 

Family Decision-Maktns 

Two important areas measured in the A~C BQ were the manner 
in which family decisions wer~ Eede ar.d the ag~e~ent in faaily 
goals t-etween the ATC and his -..:ffe. Note that thc:se variab.ies 
were measured i:n tel'"Dl& of th~ ATC '·a p:!:t:-c:~ptione; thus. t!ley Dl8.Y 
not accurately assess the wife's perceptions ~nd/or tte objec­
tive situation. ~in~e the ATC 1a the unit of etody, hia per­
ceptions were corwidered to be the iap<Jrtant onea for their 
possible ~pact on big he3lth. 

The ATe's perception Qf family decision-making waa ~a­
aured on the basis of nine major typr• of family decisions: 
the husband's job c~o1ce, fcmily car. life invurance purchnae, 
v.::cation plana, house cho.tce, \tlife aoing to work. choice of 
~octor, food budget, and oiscipline of the childr•""· 

Tl\e ATC was asked whether the decieion wu lll&de (1) !>y 
the husb,ond always, (2) by husband mere than wife, (3) by 
husband &h-.1 wife .• xactly the u:ae, (4) by Wife 111<>re t..'la;~ hua-
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band, or (5) by wife al~ays. Not ·surprisingly, thP.~e were con­
siderable diffe~ences in the way the ATCs described the dif­
ferent decision situations. The husband was more dominant in 
maki~g the decision on his job choice, the choice of a car, and 
the purr..hase of life insnran.ce. Husband and wife shared, in a 
large percentage of households, decision-making on whete to 
go for a vacation, house or apartment choice, and discipline 
of children. Finally, decisions on whether the wife should 
work, choice of doctor, and family food budget were m~de often 
by the wife; however, the percentage endorsement by the ATCs 
on these items was not nearly as strong as for the first two 
sets of decisions. In fact, by summing across all nine items, 
an overall index of f&lllilf deciaioa-makina was der~ved. The 
distribution of the ATCs' scores is clearly skewed such that 
husband dominance in family decision-making is more prevalent, 
a finding in agreement with anecdotal and interview data from 
the study. 

Fam:i.ly Coals 

The ATCs were asked to rank on a scale from one to ten 
the importance they attached to tea different !amily goals, 
and also to rank the same goals a second time as they thought 
their wives would rank them. Measu~ing the differences in 
rankings provided an index of value consensus on family 
goals between the A!Cs and their wives. the distribution o~ 
these scores indicated that 67% of the ATCs saw themselves 
and their wives in fairly close agreement on family goals, 
23% perceived moderate agreement, and 10% saw·disagre~nt 
on family goals. ' 

Husband-Wife Relationships 
The final t:wo itema on the ATC BQ dealiug with husband-wife 

relationships inquited into the frequency with which the ATC 
took his wife out, and his overall marital satisfaction. 
Seventy-nine percent of the ArCs reportod th&t they had taken 
their wife outside the home socially at least. once or more 
during the week preceding their completion of the ATC BQ, and 
the ~ercentage jumped to 96% when the reportins period was in­
creased to a month. Eight-four percent reported they were 
currently satisfied with their marriage, 7% had ~ed fealinga, 
and 9% expre~aed disaatia!action. 

In general, these descriptive results indicatL that a 
large proportion of the ATC sroup was satisfied with their mui­
tal situation at the rime of entr:r into the atucly; however, a 
proportion of the men indicated on all oi ~he indices a less 
than aatisfactory state of marria¥•· 
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The extent to which these various coping re&ources 
amon~ the study group relate to their health change is 
discussed 1n Section V, Predictive Findings. 
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5. Job-Related Characteristics 

Among the possible predictors of health change that we 
wished to test "-'ere a number of .~ob-related characteristics, 
some associated specifically with t:ae air traffic controller 
occupation,_ and others r2!evant to jobs generally. 

We wanted to explore whether or not health changes or 
sp~cific illnesses ~ere in any way related to dif~erences 
among the ATCs in such specific variables as: 

i. attitudes towards their skills, and their 
psychological "investment" in their work; 

ii. the affective discc~fcrt ptcduced by their 
'.IOrk; 

iii. styles or ways of coping; 

iv. attitudes toward the FAA; 

v. competen'e on the job. 

We als~ wanted to asseP~ general and specific satisfac­
tions of the ATCs with their W\ltk, and we wanted to know how 
they perceived the behavior of their leaders. 

Our efforts to define characteristics and to find or 
devist! methods of measuring them are related below, together 
with the results of the measurements taken. The extent to 
which differences in thene characteristics among the ATCs 
wc::re_ related to health. outc-omes is discu•""ed in Section V, 
rr~Jict!ve Findings. 
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SU!!MARY 

Specific ATC Variabl•!a 

The ATC Questionnaire, administered· at all S rounds measured pey­
chological and attitudinal dimensions spedl;ic to the occupation, 
including 11 factors: Psychophysiological anxiety reaction,. good 
controller, coping-by-drinking, social coping resource~. work 
avoidance on bad days, subjective cost, bounceback-burnout, invest­
ment in work, tension discharge rate, coping by phya·tcal activity, 
marital-coping-resource. Correlations wttn several standarU per­
sonality inventories showed the following: 

1) There was little overlap between the job-specific psycho­
logical characte~istics and general personality traits 
assessed oy the CPI; 

2) There were few, and very low, correlations with the 
coronary-prone behavior pattern; 

3) llia;h social coping resources were associated with low· de­
pression, low anxiety, high t~\dency to deny symptoms; 

4) uaychophysio!ogical anxiety ;,as positively correlated with 
:WI hypochondriasis, depression, anxiety, and tendency 
~o admit symptoms. 

Items in the ATCQ intended to measure satisfaction with managementt 
with trainir.g and with promotion policy revealed that the ATCs were 
considerably dissatisfied with all three. 

Nominations fl""" competence by peers were not associated with any 
unique psychological characteristics. Nominations for amicability 
were related negatively to dominance and self-accept~~ce. 

' 
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a. Specific ATC Variables 

During the first year of the ATC HCS, we realized that there 
were several psychological dimensions of being an air traffic con­
troller that could not oe measured with standard, a~ailable psycho­
logical tests. For example, although the phenomenon of 11burnout" 
among ATCs had been reported to us many <lmes by controllers and 
FAA management. there w~a no existing method for its meaautement, 
and it had never been directly assessed. Similarly the capacity for 
"bounceback" had been desc-.ribed to us as a controller's ability to 
adapt 4uickly and easily between heavy and l~ghc workload. The 
bounceback had ~een described and disc~ssed informally and clinically, 
but no published assessment procedure was available. Consequently, 
we undertook the major task of defining a number of constructs that 
seemed particular to the air traffic controller and his job, and then 
devising questionnaire scales that would assess these constructs re­
liably and validly. The resulting instr~ent waa called the ATC Ques­
tionnaire. 

Investigators and psychological consultants for this study spent 
many hours in air traffic facilities fm.iliarizing themselves with the 
ATC work environment. Many group and individual conversations were 
held wit~ .<I.TCs, supervisors, and r.v. officials. A few ATCs became 
particularly interested in this work, and the!r advice and suggestions 
were extremely valuable; particularly George Kerr a~d Ted Paolotti of 
the New York Air 8oute Tnffic Colltrol Center were instrumental In this 
preliminary work. 

Development of A Priori Scales 

After eight months of oburvationo, diacusaioo, and iameraioo 
in the ATC environment, the investigators held formal meetings to de­
fine ~he variables of salient interest. With the definitions and con­
struct• in mind, the inve•tigatora then w.·ote more than 1,000 questions. 
Further refinements and the elimination of redundant items led to the 
preliminary •election of 206 items defining 18 differer.t constructs. 

This original list of 206 items was compiled into a queGtion"aire 
•~d pilot tested in the Oakland, California, Air 8oute Traffic Control 
Center with SS air trLffic controllero. 

· The results in the pilot teat were canfu.lly analyted in accord-
nee with several criteria (see Apperdix l), and 147 itoma were re­
tained, These 147 itfta were adminiatered to .all 41~ men in th.Ls study 
population during the mtrance examination at llooton University Medical 

'Center. Another item analysis wu performed. The second analyois 
in shortening the queotionnaire to 9S items. 
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The 95-item questionnaire was admin19tered at the remaining 
four examinations. Two additional scales were devised and adminis­
tered b~ginning with the second examination. These scales were 
concern~d with symptoms of anxiety caused by incidents and conflic­
tions, and anxiety symptoms related to giving on-the-job, live­
traffic training. In all, we developed scales to ass~ss 20 ATC­
speci!ic job chardcteristics. The definitions of these character­
istics are displayed in Table 17, along with data on the internal 
consistency and stability of each of these scales. 

Internal consistency reli.ability was important as an indic~·.tor 
of how well the scale's items converged on a common construct. In­
ternal consistency is high when items overlap and are somewhat re­
dundant. o~ the other hand, when items are independent of one an­
other, there 'is low internal consistency. Coe.fficient alpha (Nunnally, 
l~b7, p. 193) was used to mea~ure internal consistency. The results 
shown in Table 17 indicate thut the internal consistency was reaeoon­
~ble for most of the longer scales, but it was very poor for a number 
of the short scales, particularly the coping scales. We did not con­
sider all ot these scales entirely adequate and therefore performed 
another series of analyses and refinements. However, in spite of some 
of the ~oor internal consistencies, a number of these .! P!.!!?.!:! scales 
were considered sufficiently i~portant from the conceptu~l and explana­
tory staO.dpoint to be used for predictive purposes. 

Another important cl".aracteristic was the test-retest rel ~ability 
of the scales, referring to the stability of the ~neasure~nt uf the 
constructs ar.d the stability of the constructs themselves. With per­
fect measurE-'"'nt, low to moderate stab~lity would indicate that the 
construct w ... 'l 

11 state variable" with wide individual variation over 
time. On the other hand, high stability over r~peated testing would 
indicate that th2 e~natruct was a trait of enduring substance. The 
teat-reteot reliability was derived from scores on the flrst and 
second administrations of these· job-specific scales. The reeulte are 
presented in Table 17. · 

As shOwn in the Table, lS of the 20 scales had a test-retest 
stability of .54 or greater, indicating reasonable long-term (9-mvnth) 
otability. Several of the tcales with th~ lowest internal conaiatency 
had higher retest ntability. Since internal conaiatency seta the 
upper limit for the true reliability of aosesoment (NunnALlly, 1967, 
p. 210), the scales with higher te•t-reteot stability than internal 
cons1atency·'t.lere influenced by stable resp()nee modea rather than hy 
etable measurement of the target construct. 

Development of Job-Specific Psychological Factor Scale~ 

Consequently, our dieaacisfaction with the psychometric charac~ 
terbt.ic.s of all 20!. prior sc.ale11 lt:d u& to conduct .. & null\ber of 
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TABLE 17 

ATC Job-Specific Scales And Definitions 

Bounceback- four i terns. Internal consistency • .69 Stability • .49. 

The fo"r Items composing this seale were devised to assess ~n ATC's 
sel f-percelved abi II ty to eye le between heavy traffic and I !ght .raffle 
conditions at work. This construct represents a flexibility In coping 
and adaptation to fluctU<>ting workload. The ~ypothesis was that low 
bounceback abilities were related to the development of psychological 
and physical Illness, whereas a high lev<l of bounceback was protective 
and adaptive. · 

Items. Internal consistency • .68 Stability • .63. 

Thls construct was concept:Jal ized as the premature exhaustion of a 
man'• physical, cognl tlve, "nd psychological resources leading to 
early retirement for medical and/or psychological reasons. It Is 
characterized by a loss of ability to control aircraft In any but the 
easiest circumstances and a heightened sense of anxiety and fear 
when called upon to do so. Due to the sensitlvlty·of this Issue, the 

. Items were phrased projectively and Impersonally rather than with flrot 
person self-ev.aluations. 

-six Items. Internal consistency • ,35 Stability • .60. 

This construct referred 
did the man feel he 
and get on wl th the 

relationship wl th 

to a man's emotional style while working. 
let situations get to him, or could he pass 
job of separatIng at rcraft, ·we expected an 
burnout. 

That 
them 
In-

tment was conceptualized as a man's Involvement with his job aod 
larly, the strength of his Identification with being an air 

e controller, In a sen~• the Items were devised to assess how 
tant It was for the ATC to be an Idealized controller of exceptional 

harac•ter and ability. This Intensity of Involvement was expected to be 
tor varlabl~ In that those men with a high degree of lnve•tm~nt 
coping and controlling abilities would be more susceptible to 

chango than ATCs of similar abilities but with low Investment. 

eight Items. Internal consistency • .82 

.. 
. ·construct refo;rred to an t.TC's fait ability to relax and unwind. 

i 
i 

1 
l 
I 
I 

' -, 



106 TABLE 17 cont'd. 

Questions were phrased in terms of rate of tens ion release·. It was 
hypothesized that those wno could release tensions quickly would b., 
less susceptible to health change than those who had difficulty dls­
chargl ng tens l ons. 

T•~sion Dlocharge Mechanisms on Bad Days - six items. Internal Consistency • 
.70 Stability • .57. 

The Items assessing this construct were a list of possible means of 
releasing tension during difficult days at work. Theoretically we were 
considering t~ls construct as an Indication of tension release effective­
ness. This conception of tension release effectiveness assumed that a 
person who reports that no mechanism Is utilized on bad days must (a) 
not be affected by bad days, or (b) discharge the tensions so rapidly 
and effectively that the mechanism Is not recalled. On the other hand 
a person who uses more mechanisms might (a) use less effective mechanisms, 
and/or (b) have poor utilization of the available mechanisms. W~ 
hypothesized that this variable would be Inversely related to health change. 

Before Work Anxiety -six items. Internal consistency • .88 Stability • .59. 

Six psychophysiological symptoms were listed after an Introduction which 
uked how often the ATC experienced each of the symptoms before going to 
work when the wMther or air traffic conditions were bad. T:lls construct 
was meant to assess anticipatory anxiety. It was expected to have a 
poSitive relationship with health change. 

During Work Anxiety- seven Items. Internal consistency • .8~ Stability • 
.65. 

SOYOn mono psychophy•lologleal symptoms were listed. The ATCs were aoked 
how often they experienced each of them during difficult air traffic 

. situations. Again, a positive relationship with health change was hypo­
thesi zed. 

Work Anxiety- six Items. lnter~al r.onslstency • .81 Stab IIi ty • .65. 

Yet another six ps)•chophyslol()91cal symptoms were listed. The controllers 
asked how often th~}· experienced the symptom: eft~r being relieved 
a long period of heavy traffic. We hypothesized that all three 

t.,,po,ral types of anxiety would be related to each other u well as to 
change. In addition, we hypothesized that lndlvlauals who did nqt 

stently report the symptoms across the thre4 time r~rlods ~AY differ 
health change and/or on-the-job physiological responsl~lty. 

lve Costs- eight Items. Internal consistency • .74 Stability • .60. 

1 scale was concerned with an ATC's subjectlv6 evaluation of how 
hi• job took away from eight areas In his life (such as f~lly time, 

Ia I II fe, and so forth). In other words, how much dId It "cost" h lm 

\. 

\ 



• 
TABLE 17 cont'd. 

107 

ATC? It was expected that those who felt higher levels of 11cost11 

more susceptible to health change than those who felt lower levels. ~ 

Change Cost- ·three items. Internal consistency""' .47 Stability • 

·This short sca-le assessed the felt "cost11 due to changing shift schedules. 
ny men had complained that the rapid rotation of shifts interfered with 

aspects of their lives, Including their sensr' of well-being and social 
'<•1emlbe1·ship. Again, we expected a positive correlation betWeen shift change 
.. "\"'cO,;ts'! and health change. 

-six items. Internal consistency a. .57 StabilitY~ .76. 

devised several coping ~cafes. The coping-by-drinking scale assessed 
-OOw often the ATC consumed alcoholic beverages in order to unwind, relax, 

get rid of problems. Th~ questions were phrased In terms of frequency 
•nd pur-oose but not quantity. We hypothesized a positive relationship 

·with hea I th change. 

FhysicaJ Activities- four items. Internal consistency • .53 
.54. 

·This coping scale h"as concerned with the usage of physical activities 
_(spores and active hobbies) for the purpose of relaxation, tension 
release and the like. A negative relationship with health change was 

· .. expected. 

Activities- four Items. Internal consistency • .28 

·-Hobbles, ano.:her job, and handyman tasks were the focus of this scale. 
··Once again, items were phrased in terms of frequency and purpose. A 

tlve relationship with health cha~~e was expected. 

- three Items. Internal consistency • .38 

These three Items assessed the frequency of usIng socl a I sItuatIons 
'·''"u''" conversations, p3rtles, and so on) for unwinding and relaxation. 

negative relationship with health change was hypothesized. 

ng Mechanism Effectiveness • three I tt.'"ms. Internal consistency • .15. 
llty • . 4i. 

s short scale was composed of three over~ll ~ummary Items inquiring 
the effectiveness of the behaviors reported in th~ coping seal~"· 

negative relationship wllh health change w•s expected. 

• 
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Marital Coping Resou1ces- four ft;ems. Internal consistency • .71 
stab i I i ty ~ • 6<). 

Four items were devised which specifically queried the ATC's perception 
of marital support. It was hyJ:otLesized that the perception of an inter­
ested, suppo~tive spouse would be associated with less ~~alth change 
than the perception of ~n uninterested, reje~ting spouse. 

Soci~l Coping Resources- four items. Internal consistency • .70 
Stabi I i ty • .63. 

The number of friends, cm~orkers and relatives on whom the ATC could rely 
for help or support were three ftems on this scale. The last item 
asse3sed the number of close friends living within an hour•s drive of the 
ATC's home. It was theorized that this scale would reflect the extent 
and depth of the ATC's social support system. The hy;>othesis was t~at 
a stronger social support ~ystem would Le associated ~Ith less healtn 
ch~nge than a weaker social support system. 

Anxiety Due to Incidents - s!x Items. Internal consistency • .60 
Stab IIi ty • .44. 

These six items listed ·ymptoms of anxiety that might be elici.ed by 
·having involuntary Incidents and conflictions (violation of separation 
standards). It was hypothesized that men who were upset greatly and 
who took Ienger to recover from their upset would be at higher risk fur 
hea I th change. 

Anxiety Due to Training - six Items. Internal consistency • .74 
Stability • .41. 

It was reported that giving on-the-job, live-traffic training was 
particularly stressful. These six Item; Inquired about how anxlety­
provoklns certain aspects of this experience w~re for the respondent. 
A positive relationship to health change was expected. 

****** 

.. 



• 

109 

factor analyses to arrive at the most reliable and valid scales from 
the standpoint of psychometric characteristics. The factor analyses 
all used a common factors approach in which the shared variance be­
tween items was factored rather than the total variance, thus exclud­
ing chance correlations be~een error variances (Harmon, 1960). The 
squared multiple correlation between a given item and all others was 
used as the initial co~unality estimate. After factoring, a rota­
tional method was applied to clarify the fac~or structure. Presented 
in Table 18 are the results from a common factors soluti~n with an 
orthogonal (VarUnax) rotation since this was the most understandable 
methodology. Other factoring methods and other rotational solutions 
yielded the sam~ results and therefo~e are not reported. 

Description of Job-Specific Psychological Factors Content and Reli­
~bility 

As seen in Table 18, eleven factors were found to subsume sig­
nificantly most of the items originally devised for the twenty a 
priori scales. These eleven factors were significant by Kaiser1 s 
(1960) and Cattell's (1966) criteria. They accounted for 89.4% of 
the common variance among the items. 

The item loadings and the item content for each of these factors 
is presented in Appendix I, Section III 8 5. A brief discussion be­
low of each scale includ~$ its primary content in meaning and its 
composition with respect to the~ priori scales. 

The psychophysiological anxiety reaction factoL was composed 
of 23 items with a high degree of both internal consistency and nine­
month stability (see Table 18.) BAsically, it was composed of the 
items describing psychophysiological anxiety symptoms before, during 
and after work.. These symptoms were all phrased in the C".ontext of 
various ATC work situations, resulting in a factor that is completely 
job-specific. 

• 

The good controller factor-was composed of 12 items, all of 
which were phrased as positiv•: self-evaluative statements with high 
agreement indicating a higher level of the.ir positive quality. Con- · · 
sequently this factor may have represented a social desirability fac-
tor for air traffic contrcllers, i.e., the extent to which thPy rea-
pond in a manner that wins approval. This factor. was the onl)r new 
combination of items resultin& from the factor analy•is. The a priori 
scales were not highly related to it. -

, The coping-by-drinking factor was very sfmilar to the a prior1 
"drinking-to-cope,' scale, with which it correlated . 97. Thi factor 

· analysis merely shortened the scale and slightly improved the relt­
abiHty. 

• 
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TABLE 18 

ATC Specific Job-related Characteristics 

9-MONTH NUMBER INTERNAL TEST-RETEST OF ITEMS CONSISTENCY STABILITY 

23 -92 .]~ 

12 .51 .~6 

8 .SI .so 
4 .70 .63 

) Days s .71 .ss 

6 ·73 .sa 
- Burnout 4 .so .6s 

6 .66 .64 
Olscharge Rate 6 .82 .6s 

by Physical Activity 4 .so .60 
. I CopIng Resources ~ .71 .69 

' 
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Social coping resources emerged from the factor analysis iden­
tical to the .! priori social coping scale. The same four items were 
iuvolved; therefore the reliabilities rf!mained a.t before. The.! 
priori scale definition remained unchanged. 

A new scale created by the factor analysis was n~d "work·avoid­
ance on bad days." The· five 1 teJDS in this scale h .. n:! much in coiiiDOn 
with the .! priori scale called "tension discharge mechanisma·· on bad 
days." The content was slightly ti&htened by the factor analys~~ 
yielding good internal consistency and nine-month stability. The de­
finition for this factor is essentially the same as it was for the 
!. priori "tension discharge mechanisms on bad days." 

Subjective cost also ca:me out as a factor nearly identical to 
~n~ ~riori scale. Again the factor analysis merely tightened the 
item structure. The definition for the subjectlve coat factor is 
the same as for the ~ priori ·scale. 

A bounceback-hurno"t factor vas identified which was equally 
split between the ~ priori bounceback and the A priori burnout 
scalP.s. The new combined factor scale w&s composed of two burnout 
items and two bounceback itema wluch tog~ther had very good inter­
nal consiat~ncy and quite reasonable stability over time. High 
scores on this scale were equivalent co having a high level of 
bounceback and a minimal level of self-reported burbcut, wherea• a 
low score corresponded to a high level of self-reported burnout and 
low bounceback abilities. 

A~ investment factor, identified by the factor analysis, was 
also almost identical to the ~ priori factor of the· same name. The 
meaning and reliability of this factor were the same as for the ~ 
priori scale. 

Tension discharge rate was a conatl'uct identified by both the 
~ priori analysis and factor analysis. The meaning and r•l~ability 
stayed essentially the same for the factor-analyzed scale. 

The coping-by-physical activity factor also waa very similar to 
the ~ priori scaJ.e of the &&lie na&le. One item vaa dropped and a new 
one added &I a result of the factor analysis. The reliability fig­
urea were improved, but the meanina wea the acae. Hen scoring high 
on thia factor would tend to participate in physical activities to 
cope with tension and anxiety. 

Finally, Table 18 showed that th~ marital-copinz-reaource a 
priori scale alan was inentified by the factor ~nalyaia. Tha oa.. 
four items were involved, and therefore the meaning end relia~ili­
tiea remaiued the sama. 

) 
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In summary, the scales resulting from the factor analysis ~ere 
equal or superior in psychometric characteristics to the ~ prior~ 
scales. In addition, the tactor ~caleR were highly interpretable 
since their content was so carefully described and highly r~lated 
to-the~ priori scales. Consequently, for most analyses presented 
in this health change study, the factor-analyzed job-specific psy­
chological scales were used as predictors and correlates of other 
variables. On occasion, however, where a particular variable was 
of extreme interest to the contracting .. a.gency (for example, the 
effects of shift changes), we have used the corresponding~ priori 
acale. However, the remaining descriptive results are applicable 
only 'to the factor scales and by i.nference to their most closely 
related .! priori scales. 

Since th~ 11 job-specific factor scales formed a core set of 
predictor variables fo~ health change, we considered it impor­
to ascertain their validity to whatever extent was possible. 

used the device of assessing concurrent validity. l.e., correla­
relationship• .at a given point in time between two or more 

1easu1:es of related ··mstr,tctn. If the m.easut"es are intended to 
of a common construct and 1.£ they heve significant 

oorr~Lal:tc•ns with one another, there is evidence of convergent val­
measures are intended to assess different constructs and 

low correlations with one another, there is evidenCe of 
.isc:ril~itlan.t validity. Our purpose iu developing these factor scales 

assess job-specific psychological·char&cteristtcs rather than 
psycholoKical traits. Consequently, we exP,ected low magnitude 

with othet scales that were more general in nature. 
following series o~ results documents a number of these correl~­
validities. Another validity of great U.portance is predictive 

which is discussed with other predictive findings in Sec-

Table 19 presents the significant correlations between the job-
ic psychological factors and certain etandard industrial pay­

scales. A deacript..i.on of the standard industrial psychology 
1a prcvided in Section Ill B. The main point of the results 

in Table 19 is that all of the correlati~ns between the 
>"aJ,eC:ific factors acd the standard industrial scale~~ were low. 

low correlations indicated that the 11 job-specific psychologi­
factol'" were r~latively independent of the standard published 

of 1110re general charllcteristica. · 

Specifically, s•tisfaction with work was positively related to 
con·troller factor and the bounccbeck factor. indicating 

a cont~oller felt more ••tisCied with his work if he himself 
ho was a good controller and had good abilities to bounce back 

• 

• 

• 
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TABLE 19 

Carre latl ens Retwee~ 
andard Industrial Ps 

(N • 392) 

Satisfaction with Work 

I. Good Controller 
2. Subjective Costs Factor 
3. Bounceback-burnout Factor 

Satisfaction with Coworkers 

0.27 
-0.20 
0.29 

1. Psychophysiological Anxiety Factor-0.25 
2. SubJective Costs Factor -0.20 
J, Bounceback-burnout Factor 0.20 
4. Tension Discharge Rate Factor 0.21 

Satisfaction with Pay 

No Significant Correlations equal to or over 0.20 

Hera I e 

I. Psychophysiological Anxiety Factor-~.42 
2. Subjective Costs Factor -0.31 
3. Bounceback-burnout Factor 0, 29 
4. Tension Discharge Rate Factor 0.31 

Croup Referenced Morale 

I. Psychophysiological Anxiety Factor·0.29 
2. SubjectIve Costs Factor ·0. 27 
3. Tension Discharge Rate Factor 0.26 

1. Initiation of Structure 

No significant correlations equal to or over 0.20 

2. Consideration of Others 

Psychophysiological Anxiety Factor -0.22 

J. Tolerance of Freedom 

Psychophyslologlca! Anxiety Factor -0.26 

atlons C:: .20, p.-=;.001, are reported 
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between high and low workload conditions. On the othec hand, if he 
felt that he was paying a large subjective cost in many areas of his 
life for being an air traffic controller, he ter.ded to be less sat­
isfied with his work. These correlation results were evidence for 
convergent validity of the good controller, subjective costs, and 
bounceback-burnout job-specific psychological factors. 

The Ka.,anagh Life Attitude Profile provided two scales of in­
terest, individual (se!f-r~ferenced) morale anJ group morale (one's 
•orale considering one's peer group issues). Several j~b-specific 
psychological characteristics had significant relation•hips to these 
two general characteristics. Men with high L~dividual morale tended 
to report fewer psychophysiological anxiety symptoms and fewer sub­
jective costs as a consequence of being an air traffic controller. 
In addition, men with high individual morale also tended to report 
higher bounceback and higher rate of tension discharge. 

Similar results were found with respect to group-referenced 
morale. This type of morale taps a man's sense of satisfaction with 
his job in more group-oriented terms such as quality pf supervision. 
High group-referenced morale was negatively related to psychophysio­
logical anxiety snd subjective coats. and positively related to ten­
sion discharge rates. Both of these findings with respect to the 
Kava~agh Life Atti~ude Profile scales provided ~dditional evidence 
regarding the meaning of the job-specific scales and their convergent 
validity. 

The Leader Behavior Oe$cription Que••t:l.onnaire ,required air traf­
fic controllers to deacribe their :llnmediote supei"Visors' behavior. 
Since they were describing someone else, ~.·me would expect lot·7 corre­
lations with reports about themselves. In fact, Table 19 shows that 
there were only two very low correlations between the job-specific 
psychological scales and the Leader Behavior Description Questionnaire 
acalea, The only significant correlations were between anxiety and 
a supervisor's consideration of other people and a supervisor's tol­
erance of freedom. In both of these cases, high anxiety was aasociat~d 
with deocrip~iona of super\"isora as having little consideration of 
other people and having low tolerance for workers' fr~edom. Thes~ re­
aulto from the Leader Behavior Description QueQtionnaire provided 
evidence of discriminant validity as pravioualy discussed. 

Ralationahip of .' >b-Spedfic Psychol:>IS~£!L.Factora to General Person­
!.!:,ity Traits 

Originally, we believed that there were ATC psychological oharac­
teriatica which were no,t appropriately assessed by widely-used peuon­
ality testa. As we demonstra~ed, this was certainly true for job­
related attitudes such as work satisfaction, co-worker ••tiefactioq, 
and eo forth. The next aeriea of results preaents data on the cela-
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tionshJp between the California Psychological Inventory (CPI) scales, 
several Minnes.ota Multiphasic Personality Inventory (MMPI) scales, 
and the job-sr.ecific psychological factors. 

The CPI (see Section III B 3) assesses 18 personality traits 
which are listed and described in Table 12. As t~is inventory was 
administered at the second exBinatiou at Boston University Medical 
Center, the following results are based on the testing of 391 of the 
392 controllers who answered the CPI validly. 

TablL 20 displays correlations between the CPI personality traits 
and the job-specific psychological factors. Only these correlations 
of .20 or greater, p <,QOl, are reported. The two additional anxiety 
scal~s (dnxiety caused by training or by incidents) are included since 
they were not vart of the factor anal}·sts. As can be seen in Table 
20, most of the correlations were in the expecterl direction. 

The CPI traits are .scaled such that more of a "desirable" trait 
is reflected by a higher score (Megargee, 1972). The job-specific 
psychological factors are scaled such that a higher score represents 
more of the ATC characteristic. Some ATC psychological characteris­
tics were considered to be negative or undesirable froQ a theoretical 
standpoint inasmuch as they would be risk factor~ for illness (eeg., 
the anxiety factor). Other ATC psychologica~ factors represented 
characteristics that we felt were protective from illness (e.ge, 
bounc~back). Thus, for example, the positive correlations of the CPI 
Kell-Being scale with marital coping resources, bounceback and ten._ .con 
discharge rate were in the expected direction (all low, but posith·e). 
Similarly, the negative correlations of the CPT. Well .. B•ing scale with 
the anxiety, corine by work avoJ.dance, subjective costs, anxiety caused 
by incidents, and anxiety caused by training also were in the exp~cted 
dicection (n~:!ative and low). 

Although they were in the expecte~ direction, the correlations 
between the job-specific psychological factors and CPI personality 
traits were all very modP.rate in magnitude. Our decision to devise 
ATC job-specific psychological scales was supported by the results 
shown in Table 20 which indicated very little overlap between the job­
specific psychological characteristics and the general personality 
traits assessed by the CPI. 

Table 20 shows that subjects in this health change study were 
~either attem?ting to make the2Selves look worse nor better than they 
really ~ere when answering the job-specific psychological items. The 
low correlations between the G?l Well-Being scale and the 11 factors 
And 2 additional anxi~tY sc.a.les, and r:he very low correlation between 
the CPI Good Imp~edsion scale and the job-specific factors and anxiety 
e:cale.s provide some: evidence tha'- they were not "faki:~g." Finally, 
th.!!re was no evidence whatsoever of any tendencies for random anSW'er-
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Job S~eclflc Factor Scale 
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latlon• <:_.20, p <.001, are reported; decimal points omitted. 



117 

ing on the job-specific factors and anxiety scales. Thus we could 
be reasonably sure that the scores on the job-specific psychological 
factors were not unduly distorted by possible "faking good," ''fakin~ 
bad," or random answering. 

The subjecte 1n this stv.dy also completed the Jenkins Activity 
Survey (JAS) on their second visit to BUMC (see Section Ill B 3) and 
several short ~I scales on their third vt•it (see Section Ill B 3). 
The results from the JAS and the HMPI seal~• are p· esented f.n Table 
21. There were few end very low significant corre:ations between the 
JAS personality dimensions end the ATC job-specific •sychological 
chsracterbtic:s. The results indicated that the job-specific: psycho­
logical characteristics were not particularly associated with the 
four main dimensions of the coronary-prone bP.havior pattern (Jenkins, 
1972). However, tbe~e were a number of correlations between the job­
specific psyc:lwlogical characteds tics und t>ooae assessed by the short 
MII!I scales. 

High social coping resources were associated with low depression, 
low anxiety, low tendency to adlllit symptoms, and high tendency to deny 
symptoms. These findings were reasonable and e><pected since they con­
firmed the data and findings of Kaal and Cobb at al. (1970). 

The psychophysiological anxiety factor was positively correlated 
with the MMPI hypochondriaaia, depr~•ion, anxiety, and tendency to 
admit symptom scalea, but it was negatively associated with the der~al 
of aymptoma index. Thus although the psychophysiological anxiety symp­
tomo were specifically related to ATC work situations, these data aug-

I 
I 

• 
' 

seated that these symptoms also weu related to more generic and pay- j 
chological traits. j 

' 

Other job-specific psychological scales with a 10umber of moderate ~~· 
MMPI correlates were subjective coats, bounceback, teasicn discharge I 
rate, and anxiety due to ir.:idento. High scores on the subjective 
eo1t and anxiety cauae4 by 1nc1d¥nt~ acalea seem to be more related 
to general psychological traits since they ha6 moderate, positive cor-
relltiona with the psychopathological charac:ter1atica in the HMPI i 
scales. On the other hand, high acorea on bounceback and tension dis-
charge rates vera more indicativa of healthy psychological functionina, 
iinCa they had neaativa, thoUih aodarata, c:orrelationa with the HHPI 
1calaa. 

Attitudea Toward the FAA 

After we bad completed the i"totke ualllinatione, we received con­
aiderable fudback from· the study participant•, that there were gaps 
in the cov~aga of ATC job attitudoa by th• Joh Description Index (JDl) 
1calea (sea Section Ill B S). This 1a a f.airly common phenomenon in 
attitude research and maaoureaent in orcan1zationa ~inc. aene~al acal .. 
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from previous research studies can nev~: capture all of the specific 
elements of the job of the re3pondents in any given study, Specific 
areas indicated as missing were attitu~cs toward managementt train­
ing, and promct1ons. Sased on interviews and info~al discussiona 
with the ATCs, the ATC HCS team developed items to measure satisfac­
tion with management (7 items), satisfaction with promotion policy 
(5 items) and satisfaction with training (3 items). These scales 
were administered at the second through fifth examinations. Internal 
consistency reliability and test-retest reliability of these three 
scales proved to be adequate and are displayed in Table 22. 

Descriptive Results 

Since norm groups for comparison samples do not exist for these 
attitude variables, a threshold criterion of 20%-25% dissatisfaction 
tras used to identify a problem area. This "rule-of-thumb" is 'Aell 
accepted in the industrial psychological literature; the complete 
rationale is discu•sed in Section III B 5. The threshold criterion 
of 20%-25% dissatisfaction can be used to interp~et the three job­
specific attitude dimensions: Satisfaction with ~~nagement, Satis­
faction with Training, and Satisfaction with Promotion Policy. 
However, since these scales were not based on previous"literature, 
examlnstion of item response distributions is appropriate. Tables 
23-25 contain the:Percentage oi agreement with the items which re­
present d1scat.1sfacc1on in th.s three scales. 

The consistentt negative results on the items concerned with 
management and management policy in Table 23 ~ould indicate that this 
is a significant area of dissatisfaction for controllers. This find­
ing is consistent with the results found Oh !:he Grcup Morale scale 
in Section III B 5 b•low, This dissatisfaction is perhaps revealed 
most succinctly in responses to the following single item: ••the 
greatest problema I face in doing my job well are due to FAA p~licies 
and not the work itself," Responses to this item indicated that 61% 
of the ATC~ agreed, 

Ao the final two scales, Satisfaction with Training and Satis­
faction with Promotion Policy, also represented aapecta of management 
policy, the negative attitudes indicated bY the large percentages in 
Tables 24 and 25 were consiotent. It was most interesting to not~ 
that the one item showing a relatively lower negative percentage (28%), 
"One loses the respect of peero when promoted," did not involve man­
agement policy, andt in fact, vas closer i:.O what has bee.n defined be­
low in Section III 5 aa Individual Sati•·l•ction. 

However, it waa clear from the results that 
of ATCs were quite di•satiafied with monag2ment, 
tion policieo. Thase results wor~ zriticized by 

a ·~ubetantial numbtl!r 
training and promo­
the FAA after an ., 
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TABLE 22 

Internal Consistency And Test-Retest Rei labilities of 
Satisfaction With FAA Pol lcles Scales 

sf act ion wl th • 65 

wl th .53 

wl th .72 

on Round 2 data, N • 392 

Round 3 data, N • 352, with an average 
of nine months. 

•• 

.70 

.64 

.67 
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TABLE 23 

Responses to Satisfaction with Management Scale 

7 Items, Round 2 
(N ~ 332) 

not reward consistently good performance. 

lllty reluctance to use OT results In dangerous 
' unders taff I 

problems are FAA pal icies, nat the jcb itst•lf. 

with hard•,.,are than helping people 

welfare Is l<JO low an the facility 
priorities. 

ngton, DC policies hinder raclllty chief's 
ability to help ATCs. 

lllty reluctance to use OT seriously disrupts 
personal II fe. 

CUMULATIVE FREQUENCY 
OF AGREE (COMPLETELY, 
MODERATELY OR SOMEWHAT) 

8Sl; 

68t 

61% 

60% 

48% 

44% 

29% 
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TABLE 24 

Re.'ipons_es to Satisfactfon with Training rot icy Scale 

3 Items, Round 2 
(N • 392) 

now to become fully qualified. 

trainees is too 1ow. 

should not be done with I ive traffic. 

CUMULATIVE FKEQUENCY 
OF AGREE (COMPLETELY, 
MODERATELY OR SOMEWHAT 

75% 

74% 

56% 

.. 
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TABLE 25 

Responses t' Satisfaction with Promotion Policy Scale 

5 Items, Round 2 
(N • 392) 

fforll\ao,ce counts very 1 .j tt 1 e for promotions. 

controlling well is recognition 
ATCs. 

only responds to the qua II ty of •-ork 
something goes wrong. 

to supervisor means becoming c. ''Y:!s-man''. 

the respect of peers when promoted. 

CUMULATIVE FREQUENCY 
OF AGREE (COMPLETELY, 
MOD~LY OR SOMEWHAT) 

91% 

73% 

70% 

52% 

28% 

• 

• 

I 
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interim report because of potential response bias. Most of the ite2s, 
it w~s argueQ, were phrased negatively, inducing a high negative res­
ponse. 

As a result of this criticism, it was decided to check this po­
tential bias during Round 5 data collection. All i'.ems from Round 2 
were retained verbatim within the same que~tionnaire. A new question­
naire was created primarily to include measures identified in the 
Caplan et al. (1975) study for comparison with their results (see a 
discussion of chis questionnaire in Section III A). Our previous 
questions on attitudes toward management, training and promotion were 
reworded so that agreement would indicat2 satisfaction with management 
policies, and the reworded questions were embedded in this question­
naire. For example, the original item, "The FAA is more concerned 
with improving hardware than w:lth helping people do their job," was 
reworded, "The FAA is m..: .. e concerned with helping people do their 
job than improving hardware." Finally, 1n order to minimize memory 
effects, the two questionnaires were administered at separate sit­
tings, one in the morning and one in the afternoon, and the order of 
presentaticn was counterbalanced. 

The results from Round 5, 1n teras of percent dissatisfied for 
each it•m by attitude area, are presented ir. Tables 26-28. These 
resu1ts did not support the contention t~&at negatively-stated items 
biased the responses toward a high degree of di&satisfaction. There 
were no sisnificant decreases in dissatisfac:ion with management 
(Table 26) when the items were stoted pos~tively. In fact, as in­
dicated in the table, two items ohowed significant increases in dis­
satisfaction when the meaning was reversed. 

The situation. is the aame when Satisfaction with Training re­
sults are exemined (Table 27). Although two of the three items 
showed slight decreases, the percent. of die3atiSfaction was still so 
high as to make the small changes negligible for practir.al purposes. 

The Satisfaction with Promotion Policy results were somewhat 
different in that four of the five showed changes in the direction 
of greater satisfaction. However, the levels Qf dissatisfaction on 
the items reversed in wording were still seriously high, and should 
be of concern to management.. The original and reversed wording for 
the three items showing significant changes were: 

(1) Job performance counts very little for promotion (original). 

I believe excellent performance aa a controller is an ~ 
portant consideration when promotions are made (reversal}. 

(2) One of the problems of being promoted to auperv~sor ia that 
you become a 11yes-ma.n" for managt!llle:nt (original). 
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TABLE 26 

Responses to Satisfaction with Management Scales 

(Round 5, N • 387) 
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fERCENT DIS~ATISFIED 

concerned wl th hardware th~;, helping 
people do their job. 

FAA policies, not the job 

lty reluctance to use OT seriously 
disrupts persona I II fe 

ity reluctance to use OT results 
: In dangerous understaffIng. 

not reward consistently good 
performance. 

DC policies ·hinder facility 
chief's abll lty to help ATCs 

lers' werfare Is too low on the 
·facility chl_ef's prlt>rltles. 

flcant Increase In dls•atlsfactlon. 

ORIGINAL 
WORDING 

24% 

69% 

81% 

36% 

43% 

REVERSE 
WORDING 

62%• 

59% 

59% 

65% 
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TABLE 27 

Responses to $atlsfactfon ~ith Training Pol Icy Scale 

(Round 5, N • 387) 

1hould not be done wl th I ive traffic. 

ty of trainees Is too low. 

oasy now to become fully qualified. 

PrRCENT DISSATISFIED 

ORIGINAL 
WORDING 

52% 

86% 

71% . 

REVERSE 
WORDING 

57% 

77% 

65% 
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TABl.E 28 

Resconses to Satisfaction with Promotlon ~c~les 

(Round 5, t1 • 387) 

counts very little 

on to supervisor means becoming 

the respect of peers 

for controlling well Is 
from other ATCs 

only responds to the quality 
when something goes wrong 

Pe reent 

Original 
Wording 

79% 

56% 

39% 

76% 

67% 

lnodvertently changed- see discussion In text. 

change 
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Dissatisfied 

Reverse 
Wording 

40*1,2 

38%z 

'34% 

62%2 

71% 
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An ATC 1 s attitude toward controllers becomes much worse 
when he is promoted to supervisor (reversal). 

(3) About the only reward for controlling well is the recog­
nition other controllers give you (original) • 

ExceptioQal controller performance results in recognition 
from supervisors that helps in getting promoted (rever•al). 

Examination of these items rc.vealed that the reversed items were 
not exactly the opposite of the original items. In accordance with 
the belief that respondents do not care to answer questiona that are 
very similarly word~d and that appear to be repetitive, we attempted 
to change the wording so the a,uestions would not be recognized freta 
the previous sittin~. Although the other job-specific items were easy 
to change and reverse, it was particularly difficult to change and 
reverse these three items. Thus, increase in satisfaction may well 
have been more due to e~ntic subtleties in the items than to the 
reversal itself. Howev~r, even though the 79% of the ATCs who be­
li<!Ved that "job performance counts very little for promotion" de­
creased to 40% who disagreed with the statement that "excellent per­
formance as a controlle:r 1s an· important con.sigeration when promotions 
~re carle," that proportion of dissatisfied ATCs was considerably 
greater than tha 20%-25% cr1t;erion, indicating a problem in the area 
of promotions policy. · · 

A comparison of Round 2 data with Round 5 data in terms of per­
cent dissatisfaction revealed a high degree of stability over time. 
Of course, different men mt•Y hsve been dissatisfied at Round 2 th~n 
at Round 5, but of the 15 items, onl~ 4 showed shifts greater thsn 
10%. Tbeae rr:sults m4}' indicate that the ATC's attitudes in these 
job ciimensions are not u8Bily changed, It might also indicate· that 
many ATCs accept these negative feelings about management, training 
and promotion much as other workers accept high noise level~ or poor 
illumination as "part Qf the job." If this is trua, one would expect 
theBe attitude responses to have little ability to predict health 
·change, Results of analyses of their predictability are noted in 
Section V. 

In conclusion, reversing thQ item ,..,rding h.•oi little impact on 
th• exteut of aatiafaction revealed. The only significant changes 
appured to be more a consequence of changed item L'leanings than rea­
p<mse bias, The respoMea of our study group at Round 5 indicated 
that ATCa were considerably dissatisfied with manage.,ent policy, 
training and ~romotion policy, the same conclusion redched from Round 
2 data. 
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·Peer Nominations for Competence 

ln our discussiotts with the FAA admini!ltrators and air traffic 
cOntrollers, we often were presented with statemento that competent ~ 
controllers might be affected less by the pressures cf their job. 
Other less competent men, it was suggested, struggled more and were 
strained more by their job. lbese sugg~ations were based on many years 
of involvement with the air traffic system and therefore were consid-
ered with great earn. 

Our visits to <ir traffic facilities and continued observation 
suggested that these ideas had considerable merit. It was not diffi­
cult to find anecdoto.\1 evidence that supported the idea that compe­
tence could moderate the effects of workload and possibly influence 
the effects of air traffic control work on health. Other observational 
evidence also suggestt~d that compe~ence had a more direct effect on 
health. Thus, we considered it relevant to find the best method of 
assessing the competen.:e of the individual ATCs, 

Alternative technj~for Assessing ATC Competence 

L number of t'eclmiques were available for a~ses81nr competence. 
These included (1) supenrisor ratings from annual perform4nce evalua­
tions, (2) semi-annual task performance profile ratings, (3) expert­
observer ratings of all Arcs, (4) paer ratings of all ATCs, (5) self­
ratings, (6) peP.r group no:'llinatiortS of the most co:opet~l"'t;:. All of 
the techniques \Jere feasible, but ench had drawbacks as well. 

Supervisor ratings are a means of evaluating job performance and 
medt in the FAA. Although this established use of supervisor rating" 
would have give:n them a special relevance, thei·r use also presented 
problema: neither the ATCa nor the superviso<o< felt the annual per­
fo~ance evaluutiona were an appropriate measare of competence. Their 
commen~s indicated that these evaluations had changed fro,. a perfor­
unce to a compensation orientation u t·s coamon in moat com.panies. 
Consequently they felt that th4se evaluatio~a would yield skewed dis­
tributions with nearly everyone being rated at the competent end in 
order to insure annu~l !tep-in-grade raises. Thus, aupervisor ratings 
were eliminated as useful measures of competence becau5e of inadequate 
discrimination between individuals. 

Semi-ann<~l task performance profile ratings also are conducted 
within the air traffic control system. These ratipgs are made by 
supervisors using a rating and task definition system that is quite 
comprehensive (System Oevelop~t Corporation, 1972). However, the 
developers of this system noted that it was not applicable for studies 
across different air traffic facility envirc~~~••· Further, this 
ayatm:::a ia an ''official" systeu, and consequently, thera ware poten-

• 
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tially serious political problems associated with its use for re­
search. Therefore, we eliminated this method of competence rating 
from consideration. 

Global expert-observer ratings could have been used. We could 
have trained ex-ATCs or supervisors, for example, to rate the AICs 
in the study using scales •uch as those of Milne and Colmen (1972). 
However, a major prohlem w1.rh this method was that a standard series 
of work situations ws,s not available and such a series would be 
necessa,~y since the depth of observation would necessarily be limited 
for our particular study. For that reason, this method was not used. 

Global peer ratings would nave avoided the problem of lengthy, 
in-depth observations because men would know each other's performance 
based on years of observation in many different situations. On the 
other hand, we were informed that we could expect virtually no nega­
tive evaluations and a preponderance of very favorable evaluations 
if we used global peer ratings. Many controllers felt this kind of 
procedure would be a psychological popularity study. The method was 

·. dropped from further consideration. 

Self-ratings were ruled out by the study team for a multitude 
of reasons. One overriding reason for exclusion waS the lack of _ac­
curacy and validity typical of self-ratings (Lawler, 19n7). A pro­
bable reason for this inaccuracy of self-ratings is that they are 
influenced by self-esteem. Other reasons included the lack of com­
parabl• standards between individuals, the extremely skewed distri­
bution t'tet could be expected, and the general lack of ac.ceptability 
of such ratings by either the sponsors or participants in the research. 

Peer g.roup nominations (sociometric nominations), the remaining 
alternative, are a form of ?eer group rating. Individcals nominate 
or rank their peers in terms of varying characteiistics, such as com­
petence. A giv1m person' a "score" in this type of system is the 

.•verage rank order or the number of nominations received from one's 
·peers. Our subjects informed us that they thought that such a sys­

tem would be fair, practical, and valid as long as every individual 
did not have to be rated. That is, our subjects thought it would 
be all right to s.ay who was ''good" but not who was "bad .. " Ti1ey did 
not want to rank-order all relevant individuals (e.g., end up plac-

. ina someone at the·bottom of a list) nor did they want to assign a 
rating to all individuals (because then someone would end up with 
the lowest average). 

To :llleviate these feasibility problems, we arrived at a com-
~,, pro•uso solation. The :.ociometric Peer Rating QuestionRnire (SPRQ) 

was devised so that each subject nominateu only three other 'subjects 
· for each of three questions. A given parson could be nominated for 
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more than one question but only once for each question. A subject 
was provided with a list of all of the subjects with whom he worked. 
For men from small fad.lJ ties, all volunteers from the facility 
would be on ~ach person's list. For men from larger facilities, 
each person's list included only men from his own work team and 
1'sister11 teams (sister teams work the san:.e shifts). Every man had 
more than three other persons' names on his list, and .t.!:erefore., r..o 
one was put in the position of ranking or rating everyone. This pro­
cedure was accep~~ble to our subjects. 

Since the SPRQ seemed to be the most feasible inatrument and 
method for assessing ATC compctencP., we investigated previous research 
on sociometric ratings. Evidence in the scientific lit~rature for 
the general validity, reliability, and relevance to health of peer 
ratings is discussed in Appendix 1, under Section III B 5: Background. 
Available literature, in summary, confirmed that peer nominations 
could be expected to have a strong relationship to actual job per­
formance. 

Application of the Peer Rating Method 

A total of 416 men were processed through the first series of 
examinations for the ATC Health Change Study. Prior co the first 
man's visit in February 1974, lists of potential participants in the 
study 'Nere drawn up for use with the sociometric questionnaire. 
Originally these lisw contained the 547 names of those ~11gible 
for t:.1e study on the basis of a stratified random sampling. By 
January, 1974, 458 men had either volunteered to participate or were 
undec:ided. 

The ~ iJ~ ts u·sed for the scciometric nominations. were designed to 
include only active journeyman c"ntroJ.lers who had inGicated t~tat 
they wctre going to participate. Of the 458 men, ll were undec.idcd, 
and henc.~ were ex~luded from the lists (these ll eventually did 
volunteeL). Another three were on specialized non-controlling 
aa•i&nments, and since our lists iuclud~d only men wo~king on func­
tioning controller teams, t~ese th~ee were excluded from tha lists. 
Consequently, the list for the first series of examinaticna in­
eluded 444 men. 

By the end of the first series of examinations in September, 
1974, 435 ••en had signed informed conso.nt for:.a cert1£ying their 
decision to participate L~ the study. ·rwenty-three of the 458 
had changed their decision to participate and/or finally decided 
not to partic1.ptlte. In addition,. 19 men became ineligible to 
participate becauas they had been promoted, transferred or medi­
cal!~· disqualified within the rAA. Co11sequently we saw only 416 
men in the firat aerie6. Ot the 416 men, two =efused to complete 
t~e sociometric queationnalre. Her.ce, 414 men made the nomina-
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on the first round. During subsequent administrations of 
SPRQ, there were fewer oubjects because additional indivi­

became ineligible for the study. 

SPR4 questionnaire a IMn was presented with three 
First, if all assignments were changed to corres­

to his preferences, what three ATCa would he most like to 
with (ideal team nominations). Second, without consider• 

teoom••<;aL ability, with what three ATCs would he find it 
to work (amicability nominations)? Third, without con­

iderillg how easy it was for him to work with someone, who did 
were the best controllers from a technical stand­

(competence nominations)? 

We provided each respondent with a list of names of men 
the study. Each man's list included his own team members 
those of the two sister crews with which his team regularly 

In this way we limited the choices to persons with 
they would be familiar and who were in the study. 

Each quest:f.on was. presented sepa.r:.ately by the computer 
~ith th~ appropriate list of '!:'Illes. The ATC typed 1<1 

numbera of the three persons he chose to 
criteria of the questions, and further, the.subject 
if each of his selections was on his own team. After 
thq answers to one question, the computer displayed 

next question. Checking routines were bullt into qv.~stion-
ptograms to preclude invalid answers (such as try:l.ns: to 

the same person three times for one question), 

nomination liots were updated at the beginning of each 
of examinations (rounds) but were not modified once a 
started. This procedure was followed to ensure that all 

were presented to the same (and appropriate) people for 
same amount of time. If a subjer.t changed teams during a 

the list on which his name appeared was not modified. 
, that subject would be given a new liat of names from 
to m.ke hta choices, but hie own name woul4 stay on the 

until thflll next aeries of e.xaminationa. Tha names of 
who had dropped from the study between rounds wer• 
on the list until the next round, so tt.at they co:;!d 

noainated after leaving tha study, but cculd not participate 
noainating othere. 

Before acceptit:~s; the Sociometric Pe'lr R.a-r.ing Scale and the 
we had do2via~d sa r«1l.f.able a.nd valid indicat:'lra of 

variable we w-ished: to mea~Jure, i.e. • comr,eten.ce of the .~ndi-

• 
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vidual ATC, we carried out a number of teRts to determine whether 
or not the probability of being chosen randomly might affect the 
frequency of any man heing chosen and whether or not the values 
or choices that were measured by the questionnaire were stable 
over time. Details of these tests and tneir results are included 
in Appendix I, Section IIIBS: Background. The tests tt.at we made 
persuaded us that _no adJustment of the raw scores was necessary. 
Further, we were reassureJ by the test-retest reliability coeffi­
cients generated over two successive intervals that th~ peer 
ratings were reasonably stable. We were primarily interested 
in obtaining a measure of competence. We placed the question of 
competence after two questions of a more innocuous nature (who 
would you put on your ideal team, and who is easy to work with?}. 
The intent of this procedure was to red~ce popularity or halo 
effects on the nominacions for competence. 

The interrelationships between the three types of choices are 
presented in Table 29. All of the correlations iu the table are 
highly significant (p < .001). A most important finding, however, 
was that amJ.cability was distinguished from competence (sharing 
36% of it" variao~e) and was aost highly related·to whom an AT~ 
would put on his ideal team. Thus the competence ratings were 
not simply "nice guys" ratings; however, clearly a number of _the 
ATCs nominated as competent were also 11nice guys." 

Relationship to Other Psychological Characteristic~ 

Pearson product mo~nt correlations between the three main 
scores of the SPRQ and other psychological scales were gPnerally 
vety small in magnitude (the highest was .15). This result was 
nut unusual for sociometric ratings (Korman, 1968}, but it could 
have been due to several factors such as non-normal distributions 
or curvilinear relationships. Consequently we conducted o_ne-way 
analyses of vari.tnce using ordinal categories of SPRQ scoree as 
the independent variables and other psychological ocalea aa the 
dependent variablea. 

Table 30 shows the significant analyoia of variance reoulta 
for ideal team nominat.io!\ categories; Table 31 shows tho signifi­
cant results acrosa the Ulicability noQination categorieo; and 
Table 32 gives the sane results for the coQpetence nomination 
categories. Although more than 40 poychological characteriotics 
were examined for each type of nomln&tion, few unique character-
1atica wet·a asac-cinted with hov often one vas chosen by one' • 
peers. 

The results shown in Table 30 indicate that thoae me'n who 
reported fe-4er anxiety symptomo and tension discharge mechaniaru 
were naainated to the ideal team aignificaotly more often than 

\ 
\ 

'· 



TABLE 29 

Types 
Correlations Between 
of Sociometric Nominations 

(N • 4o!) 

Amlcabll lty Comoetence 

I. ou 

.86 1.00 

.So • 62 1.00 

L 



Mean 
S.D. 

N. 

Mean 
S.D 

N 

Mean 
S.D 

~ 

Discharge 
Bad 

Mean 
S.D 

• 

TA8LE 30 

Analysis of Variance Results 

for Ideal Team Nominations 

50.5 
9.9 
64 

51.5 
10.8 
64 

53.0 
10.8 
64 

53.2 
10.9 
64 

51.3 
10.9 

72 

Sl.8 
10.3 
72 

50.9 
10.0 

72 

51.3 
10.9 

72 

48.7 
9.5 

12i 

~R.4 
9.4 

127 

48.9 
10.0 
127 

49.4 
I 0.4 
127 

51.9 
:I. I 
88 

51 .o 
10.1 
88 

49.5 
9-5 
88 

48.9 
9.0 
88 

46.9 
6.5 
42 

47.6 
8.4 
42 

48.3 
9.4 
42 

48.4 
7.2 
42 

135 

F • 2.70 
p ~ .OJ 

F • 2.64 
p < .04 

F • 2.28 
P< .06 

F • 2.60 
p,.. .04 

• 

• 
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Analysis of Variance ~esults for 
Amicability (Ease of Working With) Nomination~ 

I) Mean 
s.o. 

N 

Mean 
S.D. 

N. 

Number of Times Nominated as 

52. I 
10.5 
56 

47.7 
I 0.0 
56 

51.6 
8.6 

77 

49.7 
10.9 
77 

56.0 
12.3 
79 

58.8 
9-7 

79 

49.7 
10.4 
132 

49.3 
9.] 

132 

57.6 
II. I 
95 

58.] 
9-7 

47.9 
10.6 
87 

52.5 
9.6 

87 

:.:;.9 
12.0 
92 

57.2 
8.8 

92 

51.0 
7-9 

41 

49.3 
9.4 

41 

53.6 
12.4 
44 

57.0 
9.0 

44 

F ~ 2.94 
p < .02 

F • 2.22 
p"" .06 

F a 2.39 
p.., .05 

.• 86 
.OJ 

I 
I 

I 
! 
I 

I 
I 
' I 
I .I 
' 
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Mea;n 
s.o. 

Hean 
~.o. 

N 

47.6 
10.3 

47 .() 
9-7 
84 

50.2 
1!.2 

49.2 
10.3 
75 

51.9 
TO.! 

5!.6 
9-9 

100 

• 

48.8 
9.7 

50.6 
9.6 
so 

5!.8 
7.6 

5!.0 
!0.4 
54 

F • 2.85 
p < .02 

F a 2.84 
p "'- .02 

• 
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those men who reported a higher number of anxiety symptoms. 
Although there was a high correlation (.86) beeween nominations 
for an ideal r.eam and for being easy to work With (amicability), 
a different set ~f self-reported psychological characteristics 
differentiated the men chosen as most amicable (see Table 31). 
As shown in Table 31, those who were nominated as "easy to work 
with" experienced fewer subjective costs and tended to have more 
social resources than those who were never nominated for this 
attribute. 

Perhaps the most interesting result was the finding tnat 
the amicability nominat:ons were related to the traits of domi­
nance and self-acceptance as measured by the California Psychol­
ogical Inventory. The people who were never nomi~ted as ~eing 
easy to work with scored the r~ghest on dominance and self­
acceptance while thos~ who were nominated most often for this 
char~cteristic scor~ significantly lower on these two traits. 
It appears that more doainant, self-accepting controllers are 
not particularly easy to work with. 

Finally, the results for competence naminatio~ are present­
ed in Table 32. Those men who were nominated most often as 
competent reported themselves to be significantly less anxious 
at work, using fewer tension discharge mechanisms, engaging 
in fewer c~unity and unicn activities, and having greater 
toughmindedness and more job investment than those who were 
nominated only once or never. 

J 
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SU!!IIARY 

General Job-Related Variables 

Three sets of scales were used to assess the ATcs• general 3tti­
tudes toward their jobs and work: the Job Description I.1ventory 
(JDI), the Kavanagh Life Attitude Profile (KLAP) and the Leader 
llehavior Descril'tiOI> Quuticnnaire. -· Farm XII (UDQ). 

Of five scales of the JDI, the three used were: 3atisfaction with 
Pay, Satisfaction with Co-workers and Satisfaction with Work it­
self. The KLPA 's two scales, Group Morale and Individr.J&l Satistac­
tion, were used as measures of overall satisfaction. Certain super­
visory behaviors, as seen by the ATCs, were reported and measured 
in terms of frequency on the LBDQ. Tha supervisory dimensions mea­
sured were: Initiation of Structure (IS), Tolerance of Freedom 
(TF) and Consideration (C). Psychometric properties of internal 
consistency, test-retest reliability and independence of the scales 
were tested and found to be adequate. 

Attitudes of the ATCs toward the work itself were found to be aver­
age when compared to a normative sample of other workers stratified 
by socio-economic characteristics; ATC attitudes toward co-workers 
were low and toward pay, above average when compared with the same 
normative sample. In comparison with workers at comparable salaries, 
ATC attitudes t~Jards work, co-workers and pay were quite low. 

The three supervisory behavior qualities were noted less frequently 
among ATC superv~sors than among comparison' supervisors. 

The KLAP revealed that 42: of the ATCs felt nso-so" in general· 
about their jobs. Differences in responses betwe!n the Group MOrale 
and Individual Satisfaction scales supported a conclusion that tho!! 
major sources of dissatisfaction were note in the A7Cs' work itself, 
but rather in the Nark envirouaent. 

; 
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b. General Job-Related Variables 

In addition to our decision to explore ps~·chological and 
dimensions particular to the air traffic control­

occupation because of their potential impact on ·health 
Dutco•oes of the men, a reading of the industrial psychology 

persuaded us that we should also investigate more 
work and job satisfactions as possible modifiers, if 

generators, of health change. 

A number of studies suggested that satisfaction or dis-
, with work were related to health (Antonousky, 1968; 
, 1971, Kasl and Coff, 1970; French and Caplan, 1970; 

r•••~~n, Rosenman and Carroll, 1957; Groen anJ Drory, 1967; 
, 1972; Jenkins, 1971; Kornhauser, 1965; Maaora and 

~usto•in, 1969; Quinn, Staines and McCullough, 1974; Russek, 
Sales, 1969; Sales and House 1971; Wolf, 1971;, Weintraub, 
Palmore, 1969; Ber.et, 1972). However, as none of the 

~~vic>ua studies were longitudinal in nature, it was not pas-
to determine what associative, modifying or possibly 
role was played by the work attitude factor, nor were 

findings consistent in relating work satisfaction to types 
illness. 

provided an opportunity to determine 
job satisfactions were related to changes 

and whether deterioration in attit-:.<des toward work 
or were concurrent with health changes. 

it was necess~cy tv devise an instrument .. to assess 
particular to t.he air traffic control occupation 
section), the more genera~ attitudes toward work and 

of the specific nature of the work) could be 
by existing industrial psychological scales which 
at the same time, normative-scores_ from other popu­

ao that we could compare job attitudes of ATCs with 
of males in a diverse group of other industries. 

selected three sets of scales to assess general job 
Lttlltu•1es or perceptions. The Job Description Inventory (Smith, 

Hulin, 1969), the Kavanagh Life Attitude Profile 
MacKinney and Wolins, 1971), and the Leader Behavior 

teac:r11~tJcon Questionnaire- Form XII (Stogdill, 1963). 

Because of its extensive use, and availability of norm. 
the JDl wa.s a useful insti'l..micnt for comparisons of job 

•u.st•oct:1or.a between the ATC group and oth~r popu.lations. In 
it had strong psychometric properties to recommend 

• 
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(Smith et al. , 1969). 

five scales contained L'l the JDI - satisfaction with 
with p~o~tions, with pay, with co-workers and with 

141 

- we used only the last three named. The satisfaction 
supervisors scale was omitted because another more compre­

,h~nsl.ve measure of supervisory behavior was used. The satisfac­
with promotions scale was omitted because this dimension 

included in tne ATC Questionnaire and was directed specifically 
to FAA promotion policy. The scale relating to pay was shortened 
£rom nine to five items to reduce overlap with another scale and 
to eliminate items inappropriate to the ATCs. 

In addition to the measurement of satisfaction with specific 
aspects of the job, such as pay and co-workers, we wanted to have 
a measure of the ATCs' overall satisfaction with the job. Such a 

'global measure of satisfaction, it was thought, might well relate 
differently to health change than would the meaaures of satisfaction 

specific aspects of the job. 

The KLAP scale (Kavan~gh, et al., 1971) Was chosen as the 
global measure of job satisfaction. The instrument contains two 
overall satisfaction scales -·group morale and individual satis­

;factjlonwith 10 and 8 items, respectively. These scales differ 
from other job satisfaction scales in that the items, individually, 

;meas11re various aspects of the job, but are summed to derive indices 
overall indivi~ual satisfaction and group morale. 

The KLAP scales differ from other job satisfaction scales also 
with respect to reference. Most scale development is based on fac­
tor analysis of responses to job attitude items, with the resulting 

• or facLora, comprised of items similar in their reference 
to a given aspect of the job. For example, the JDI Work scale con-

,. tains items whose CODIIlOD reference is the work the person is do~. 
two KLAP scales were based on a different developmental analysis, 
that clustered agreement among people {not items) to job satis­

faction items. 

Items showing the highest agreement between employees of the 
work group were identified to comprise one scale, while those 

showing the lowest {from a lar~er set of items) agreement 
combined into U>Other scale. Examination of the reference 

two sets o.- items revealed that those with high agree­
referred to job factors that employees held in common, while 
for which there was low agreement were distinctly individual­
in reference. The latter was named Individual Satisfaction, 
the former was named Gro•Jp Morale. 

l' .l '! 



One advantage of these scales versus single items is that 
respondent is not asked to sum the various job aspects "in 
head." and respond with a summary answer. In adG:!.tion, this 

distinguishes between two aspects of over~ll satisfaction, 
div~d•~l feelings and feelings shared with other employees 

morale). Group morale is the overall attitude a person 
with others in his work group or organization, and it 

>>co"J.v involves factors external to the person such as the 
administration, or the supervision he receives. Group 

is expected to be fairly stable over tine •. On the other 
individual satisfaction as an overall measure is more 

and typically deals with factors internal to the per-
as whether or not he finds his work boring. Individual 

is ex,,ected to be more variable over time. 

psychometric properties reported by Kavanagh, et 
added to this instrument's utility as a measure of 

measure of the behavior of the supervisor as seen by the 
included in the ATC HCS for several reasons. The effect 

of the ~ediate supervisor's style or behavior on 
8 performance, job satisfaction and role conflicts 

to be important (e.g., see Campbell, Dunette, Lawler 
1970; Korman, 1966; Stogdill, 1974; Kahn et al., 1964; 

Filley, 1968; Vroom. 1964). In .11ddition to the import-
eupervisory beh~vior generally, it has been shown to 

specifi~ally 1n the ATC occupation (Singer and 
Smith, 1973). An unpublished report by CAM! 

of ATCa, for ex81D.ple. states that "the dominant 
for all three ATC specialties (ARTCC, TRACON, and 

of management. In this they share attitudes 1n 
European controllers and with employee• in most other 
" Finally, we hypothesized that ther .. would be a 
between au~e~isory behavior and job stress, and 

to investigate pc85ible relationships between 
and health ehanges, we determ~.ned to include a 
would allow ua to aaaeaa &U!l'!rY!sllry influence in 

II'V1r01llhlllt of the ATC. 

than uaeure att:ltudee (satisfaction) toward •uper­
decidad to meuun superviaory behavior becauae this 
""uld be more ur:eful. It could tell us what super­

were in n~ed of improvement, so that reegm­
intervention might be made as appropriate; and 

11 more easily ch4nged than attitudes, it would pro-

f! 
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a more efficient focus for intervent~on. 

Althougl". a variety of scales were :~vailable to measure 
behavior (see Stogdill, 1974), three major ones 

the Supervisory Behavior Description 
(SBDQ), (Fleishman, 1972), The Leader Opinion 

ia~~~~~~!;r~' (LOQ) (Fleishman, 197") and the Leader Behavior 
ic Queslionnaire (4BDQ) (Stogdill, 1963). 

·.The LBDQ was chosen because the other scales had limited 
The LOQ is a self-description by the 

lrY1sc'r as to how he should behave. This seemed inappro­
this study as we wer'~ interested in the ATCs' 

1ept1c•n• of their existing wc•rk en·tirc=ent. The SBDQ 
LBDQ b<>th elicit employees' descriptions of their 

l'Vl80I:s 1 behavior. However, the SBnQ .:neasures only two 
of leader behavior, i,i considera~ly long~r thaD 
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and the construct validity of one of its scales bas 
sharp criticism (Schriesheim Pnd St~gdi.tl, 1964; 

lea,he:lm, House, and Kerr, 1976; S•ilagyi and Keller, 1976; 
and Kavanagh, 1972). On the cthe~ hand, the 

~etz:ic evid~nce for the development and use of the 
reasonably good (Stogdill, 1963). 

LBDQ was developed from earlier work describhtg 
~ruavJ:oral dimensions of the oupervisor's role (Stogdi~i 

Hcwever, these early efforts resulted in 
of only two dimensions of supervisory 

seemed unreasonable to aDswe that t\10 dimen­
be sufficient to describe completely the com­

supervi&ory behavior. Thus, thP LBDQ-Form XII 
to as ".he LBDQ in this report) was d~velo:>ed to 

additional dimensions of lead£r behavior, and the 
contains 100 items to m•aoure 12 dimensions. In 

Ieee.,. the questionnaire to a manageable s:l.ze for 
, the ATC HCS team limited the number of dimensions 
study. Baaed on observations of the A!Cs in job 
with their supervisors as well as on. interviews 
ATCs, the folloWing supervisor behavior dimen-

chosen: 1) InitiRtion of Sttucture ~ - clearly 
OVD role, and lets follcwers know vhat is ""'l'ected; 

of Freedoa (TC) - allovs followers scope for 
decision, and action; an~ 3) Coneideration (C) 

~a.fort, well-being, atetus, and contribution 

iml>ortant to recognize th4 t the LBDQ measures 
of supervisory beh-Pviors, not a.9.t1sfact.f.on with 

behavior. T!te instructions for ~he l.BDQ items 
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clearly indicate that the ATCs were to report their perceptions 
of the frequency of their sUpervisors' behavior on the items. 

Technical Conaider'ltions 

Certain measurement aspects of the scales desc~ibed 
in this section should be set forth, including specific modi­
fications made to improve the quality of the scales, and psycho­

evidence aupporting the use of the various measures. As 
psychometric evidence r~garding the development of the scales 
been referenced, this section deals with the following 

l) number of scale poin"s, 2) reduction in the_length 
the scales; 3) reliability of the scales, and 4) independence 
the variables. 

All scales were converted to 7 point response formats. This 
done for several rMson.s. Firat, numerous studies have found 
reliability of scales is a monotonically increasing function 

number of scale points (Guilford, 1954). Aa NUDnally 
has pointed out, the increase in reliability, st•rting 

two scale points, is very rapid-at fir~t, and then tends to 
off at about seven. Seccndly, from a practical standpoint~ 

scales were used to all?W the ATCs more latitude in 
·~:~~:,,;t~~o individual items. Finally, seven-point scales, 
c, with shorter ~cales, could le&d to increased item 
scale variance, thus potentially increasing the value of a 

variable for predicting health change. 

the original JDI scales w~re formulated as three-point scales, 
five-point scales, and the KLAP as 99-point scales. 

to determine if the seven-point format for the 
were equivalent to the original response format, since 

scales have norms which were based on their particuler res­
format. Since the KLAP had no norms, this was not neces­
Item response transformations were developed ao that the 

the LBDr could be scored using both the sev~,n-point system 
o:iginal response format. The re-scored scales were 

with the etandud s"ven-point scales, with th" follow­
Work Satisfaction: .77; C~orker Satisfaction: .74; 

1t111fact:lotl! .87; Initiation of Stt: .. cture: .90; Toler­
h:eedom: • 93; and Consideration: .20. For practical 

the magnitude of t.heee values indicates that the 
may be considered virtually equivalent. Much of 

tfetre~>ee betweC:n the observed correlation and the theor&­
may be a function of the reduced range of the orig­

••ur•omemt rather tha~ s failure of the new format to 
the """'" meaning as the original. 

_, 
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Scale Reduction 

Since the number of items contained in the first data col­
lectiott phase was large, we tb.ought that reducing the number 
of items within each scale would be desirable. However, the 
basic meaning of each scale had to be maintained. In order to 
accomplish this, item-total scale score correlations were calc.u­
lated to determine which items were most highly related to the 
total scale score. The items in each scale were also regressed 
on the s~ale score using a step-wise procedure. This procedure 
adds items one by one, in descending order of correlation with 
total fiCale score, until the total variance accounted for in the 
scale :Jcore by the present equatior4 (larger by one predictor 
it~) is not significantly different from the variance accounted 
for by the previous equation of predictor items. This procedure 
maintains the meaning of the sCale while decreasing the number 
of items to be used in later data collection phases. 

The regression analysis was. computed c-;.1. the first 173 parti­
cipants' responses in Round 1. For the JD1 - Work Satisfaction, 
the regressio!). solut,ion indicated 10 items (original number of 
items was 18) could oe used (F • 212.9, p < .001). These ten 
items accounted for 93~ of total scale score variance. For the 
JDI - Coworker Satisfat:tion, the stepwise solution indicated 
10 items (original number was 18) could IJe used (F • 275.6, 
p < .001). These items accounted f~r 94.4% of the total score 
variance. The Pay scale of the JDI was not analyzed becau3e it 
only contained four items. Lik~~ise, the two subscales of the 
KLAP were·not analyzed because they contained elght and ten 
items respectively. In addition, the original development of 
these scales was empirically diffl!rent from the typical scale 
development procedure, making item-total regrP.ssion analysis 
inappropriate for reducing lfcale l•mgth. The original scale 
development (see Kavanagh et al., 1971) involved correlating 
people, not iteLls, to identify &roup morale and individual 
satisfaction. Item-item or item-total score correlations 
to reduce scale length would thus violate th~ conceptual -foun­
dation of these scal~s. Therefore • these l'icales were retained 
in full for subsequent data collection rounds. 

Regression analysis of th~ LBDQ revealed that the sub­
scales could be reduced in l~ngth. The Initiation of Struc­
ture scale, originally 10 ite~, could be reduced to 5 items, 
which accounted for 91% of the total. score variance (F • 354.9, 
p <.001). The Tolerance of Freedom scale, originally 10 items, 

.could be reduced to 5 items that accounted for 96% of the 
total scale score variance (F • 24 7. 3, p < • 001). "Finally, 
the regression solution indicated that the Consideration ac•le, 
originally 10 items, could be reduced to 5 items that 4~counted 

i 
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95% of the total scale score variance (F • 596.77, p . • 001). 

Howev~r, the exclusive use of items from the regression 
analyses could have lowered the internal consistency of the 
scales since the regression technique tends to choose items 
relatively independent of ~ach other uo as to maximize the 
total explained variance. To insure that the internal consis­
tency would not be seriously affecte1, the highly correlated 
items identified in the first analysis but not included by 
the x:egressivn were included 1n the rev'ised, shortened scales. 

The result of this dual procedure was to reduce the total 
number of items in the combined scales from 69 to 54. The 
table below shows the item reduction by scale. 

ORIGINAL NUMBER REVISED NUMBER 
OF ITEMS OF ITEMS 

Work Satisfaction 19 8 Coworker Satisfaction 18 7 Pay Satisfaction 4 4 

Individual S~tisfaction 8 8 Group Morale lO 10 

Initiation of Structure 10 6 Consideration 10 6 Tolerance of Freedom 10 5 

These are the scales that were used 'in subsequent data collec­
tion phasea. The modified form of these scales is included in 

· the Exhibits appended. 

Internal Consistency. Internal consistency reliabilitiea 
calculated using coeffcient alpha (Nunnally, 1967, p. 193-196) 

the eight shortened 3calea. As can be seen from Table 33, 
scales met acceptable standards of reliability (Nun~ally, 
, p. 226). The reliabilities also compared favorably with 

·previous resoarch, Smith et al. (1969) found internal consistency 
'reliabilities of .73, .78, and .67 for the Work, CoworKer and 
· scales, using a sample of 80 males from two electronic plants. 

(1963) reported the following ranges of reliabilit1es 
the LBDQ scales: l) Initiation of Structure- .72 to .SO: 
Tolerance of Freedom - .58 to .86; and 3) Consideration 
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.76 to .87. As can be seen in Table 33, the re1iabi11ties for 
the ATC HCS compared quite favorably with these values and 
supported the use of the scales. No previous internal consis­
tency reliabilities were reported for t!l.e Individual Satisfac­
tion ilnd Group Morale scale~ since this was not appropriate 
in their developaent (Kavanagh et al., 1971). However, the 
values in Table 33 were quite acceptable. The l~~er value for 
the individual satisfaction .scale as contrasted with the group 
morale $C&le was consistent with their conceptual basis. One 
would expect items with reference shared by team (or groQp) 
members to be more internally consistent than satisfaction 
items individualistic in nature. 

Test-Retest Reliacility. Not only was it important fo~ 
scales to be internally consistent, buc it was also important 
that the scores for the ATC s~udy group were relatively consis­
tent over ttme as the variables measured by the scales were 
thought to be relatively enduring attitudes. T.ible 34 presents 
the test-retest reliabilities for the tJcales for three rounds. 
The test-retest reliabilities met generally accepted standards 
for reliability of measurement over ti:lll8 (Nunnally, 1967). The 
relatively lower value• for the LBDQ were most likely a r~oult 
of changes in supervisors between data collection points, rather 
than weakness of the me:asuresnent. ThE~ rather remarkable result 
in Table 34 was that the reliability <>Ver eighteen ll!Onths did 
not show substantial deterioration fr'Hn the nine-months test­
retest reliabilities, 

Independence of Variables 

The indepenGence of the industrial psychological variables 
was tested by inter-scale correlations. If tvo variables were 
highly correlated, it would make little sense to inclu1e both 
in a study as a score on one YOuld allow prediction of the 
score on the other. Table 35 preaento the results o( the inter­
scale correlation for the Round 1 data. Most of the values in 
Table 35 were low enough to support the conclusion that the 
variables were indeed indepeodent unsure~. Hovever • the corre­
lationa above .60 indicated some overlap between the measures. 
No values were high enough to warrant dropping variables from 
the study. 

Inter-scale correlationa for Round 2 between the job­
specific attitude scalae discussed in the previous section and 
the general job-related acalea diacuased in this section are 
presented in TaOle 36. Again, these -vaiuea did not warrant the 
dropping of any scales. The aign1firiU\t correlations between 
the five general satisfaction scal.es and the job-specific 
scales provided evidence that the latter scales were indeed 
measuring the AICs' affective (attitudinal) reaponaes to their 
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TABLE 33 

Internal Consistency ?.eliabll ities 
For Industrial Psychological Scales 

Work Satisfaction 

Coworker Satisfaction 

Pay Satisfaction 

Individual Satisfaction 

Group Morale 

lnltlation of Structure 

Consideration 

Tolerance of Freedom 

Round I, N • 410 

RELIABILITY 

.81 

·73 

.69 

.62 

.82 

.]2 

. 75 

.8~ 

I 
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TABLE 34 

Test-Retest Rellabil ities For Industrial Psychological 

\lork Satisfaction 

Coworker Satisfaction 

Pay Satisfaction 

Individual Satisfaction 

Group Mora: e 

Initiation of Structure 

Consideration 

Tolerance of Freedom 

ROUND 1-
ROUND 2 

RELIABILITY* 
(N = 386) 

. 71 

.62 

.65 

.63 

.66 

.sa 
.58 

.56 

~verage test-retest period of nine months. 

ROUND 2-
ROUND 3 

RELI AB I L1 TY* 
(N • 352) 

• 67 

• 67 

.69 

.66 

.65 

.54 

.58 

.so 

aver~ge test-retest period of eiqhteen months. 
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Scales 

ROUND 1-
ROUND 3 

RELI AB I L I TY*•' 
(N • Jlt7} 

.60 

.51 

.63 

.63 

.59 

.43 

.48 

. 42 

• 

• 

• 

i 
i 

I 
I 

• 

• 
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TABLE 35 

Correlation Ma~rix For The Industrial Psychology Scales - ~ound I 

Work Satisfaction I. 00 

Coworker Satisfaction 0.34 I. 00 

P~y Sat is fact ion 0.01 0. 19 1.00 

lndi vi dua I Satisfaction 0. 19 0.33 0.66 I. 00 

0.16 0.31 0.30 0.53 1.00 
Initiation of S tr'ucture 0. II 0.13 0.03 0.20 0.52 1.00 
Consideration of Oth~rs 0. II 0.18 0.09 0.30 o.ss 0.63 1.00 
Tolerance of Freedom 0. II 0.18 0.06 0.22 0.39 0.32 0. 61 

These correlations are baged on an N of 375, since only ATCs with 
scores on all variables were included in this analysis. 

I. 
i 
! 
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TABLE 36 

Correlations Between The Job-Specific Attitude Scales 
And The General Job-Related Scales" 

151 

Job-Specific Attitudes 

• 

Satis-faction with Satisfaction with 
p 

.II -. 13 .16 
.25 -.30 .22 

Satisfaction 

.38 -.24 .21 
-57 --35 .4) 

Structure 

-57 -.28 .47 
.22 -.05 . 1 a 
.J4 -.o)6 .28 
.21 -.OJ .15 

·>f Freedom 

Round 2, N ~ 392 

·----,.--

• 

iJ 

• • ,I 



inter-scale correlations for the JDl scales c~pared 
ovorac,.y with the original work done by Smith et al. (1969). 

reported the following values based on 981 males pooled 
21 plants: (1) Work-coworker .36; (2) Work-Pay, .40; 

(3) Coworker-Pay, .28. These values for the ATC HCS were 
.34; (2) .01; (3) .19. Although the ATC results appear 

in terms of being more independent measures in two of 
three cases, it must be rem~bered that the ATC results 
based on a single occupational group, whereas the Smith 

al. (1969) result• were based on many diffe.eat occupations 
different organizations. tlo compa4:1son interscale correlations 

available for the other industrial psychological variables; 
the values were generally low with a few exceptions. 

[nterJ>r<•taLtion of other results must take these c~rrelations 
consideration. 

We compared the ATC scores to norma in order to deter­
how sati~fied the ATCs were with aspects of their job com­
with other workers. Table 37 presents the results of the 

comparisons for th~ ATC scores on the JDI scale,. In 
to understand these results, it is necessary to describe 

normative sample for the JDI (Smith et al., 1969). The male 
were based on 2,019 males pooled across a total of 21 

plants, representing 19 different co'npariies and 16 different 
Standard Metropoliun Statistical Areas. According to Sm.tth 
et al. \1969, p. 88), "the basic sample was drawn from individual 

(with 50 or more employees) of business and industrial 
in the continental United States (excluding llaska) as 

of 1956," and they claimed that "the 21 plants and 16 coDmluni-
. ties are reasonably representative of the rang.'! of cont!itions 

found in American industry and business." The sampling of 
workers in terms o~ job levels waa as follows: 22% unskilled, 

· 30% semiskilled, 18~ skilled, 13% white collar, and 17% super­
visory (almost entirely at the first-line level). Selected 
company and community characteristics are displayed in Tables 
38 and 39. 

The t~portance of understanding the normative sample charac­
teristics can Ue seen by examining the percentile rankings in 
Table 37. Compared against the total array of normative samples, 
the ATC m.eaus converted to percentiles for the work, coworker 
and pay satisfaction scales were 46 percentile, 24 percentile 
and 60 percentile, respectively. The attitudes of the ATCs 
sample coward the work itself were therefore about average com-

) 

I 
I 

\ 

I • .. 



- ~ _, ~ 

TABLE 37 

Norm Comparison~ for the. Job Description Inventory 

ATC %1Lt ATC %1LE ATC tiLE ATC %1LE BY 
A7C tiLE BY BY JOB BY COH· COtll'\UN ITY 

HALES IN 21 1\TC %1LE FY INCOME EDUCATION TEHURE HUNITY DEC REP-
SCALE ATCS INDUSTRIES OVERALL GROUP GROUP GROUP PROSPERIT'f I TUDE 

Satlsfactl~n with Work 36.20 36.57 46 B 30 46 43 so 
6.56 10.59 

~08 1977 

Sat is faction with 39.64 43.49 24 IS 31 27 32 34 
Coworkers 

6.90 10.02 

410 1928 

Satisfaction with Pay 33.29 29.90 60 17 52 53 68 64 

12.93 14.53 

~00 1966 

Highest 13-1~ 10-IS 37-50 19-25 
yrs educ yrs exp. yrs Yri ... 

"' All cells read: He an ... 
i I Standard deviation 

Humber of subjects 

~ 

-~·.r.;......:.,:::-.;:.: - '":...ir·tz- .o.:_:.:..._.,:.::-§~S~.:· -. -.. - ":...:..~.::..:·. w.:.;.._~~-...::_:__-:. .. 
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TABLE 38 

Characterrstics Of Comeanies In Normative Same;le 2 1960 

' 
i ANNUAL EARNING .') 

Mich. Brass fittings 475 S220 3810 Hd. Research 7S 6380 3220 Hass. Office files 360 3140 1770 Hass. Electronics 3100 S310 32SO Mass. Aero weapons 2SOO S670 30SO • Conn. Pumos 74S S390 380') • Wis. Heavy machinery 630 4830 3500 N.Y. I ron foundry lOS 6400 Ind. Instruments 620 6330 4040 N.Y. App I iances 4200 6010 3790 Wis. Iron castings liS 4950 Ill. Retai I 2000 S23o 2190 Ill. Phone equipment 900 4S60 3130 N.C. Textiles sos 3080 2230 Hass. Valves 41S S380 Pa. Glass 490 4730 3310 Wis. Srna I I machinery 1000 S340 3610 fHnn. Banking ISSO S670 3320 Ill. Power 720 6300 4000 Tenn. Chemical product ion 3000 6680 4850 Tenn. Chemical research 4000 7305 S270 

' 
I 
\ 



ArPRDXIHATE 
POP~LATION IIEOIAN FAMILY 

PLANT (In IOOOs) INCOME 

I 3800 6800 
2 2000 7600 
3 140 5200 
4 2600 6700 
5 2600 6700 
6 100 8000 
7 1200 7000 
8 1300 6500 
9 110 6500 

10 560 6400 
II 1200 7000 
12 6200 7300 
13 so 6000 
14 130 4700 
15 2600 67or, 
16 40 4800 
17 1200 7000 
18 1500 6800 
19 290 6300 
20 60 5300 
21 60 59~0 

/! 

/ 
' 

--------- -----------------·- ---- -----,~- -----
'4.:2...'.i....~'..-

MEDIAN % OWNER 
MONTHLY OCCUPIED 

RENT HOMES 

79 71 
88 49 
56 44 
82 52 
82 52 
91 68 
88 58 
75 61 
71 78 
79 67 
68 se 
90 51 
87 64 
51 61 
82 52 
55 74 
88 58 
78 68 
71 . 70 
63 69 
63 69 

HEDIAN 
HOHE 
VALUE 

(In $1000s) 

13 
17 
12 
16 
16 
23 
16 
15 
10 
13 
16 
19 
14 
7 

16 
7 

16 
15 
12 
7 
7 

liED IAN 
AGE 

29 
29 
34 
32 
32 
32 
30 
31 
28 
30 
30 
31 
26 
26 
32 
28 
30 
28 
30 
26 
26 

,_. 
l.n 
l.n 



to Smith's representative sample, low (24th percentile) 
COQparisons of attitudes toward coworkers, and above ~ver­

(60th percentile) in comparisons of attitudes concerning 

However, Smith et al. (1969) stratified their general 
on income, education, job level, community prosperity, 

community decrepitude. This stratification of norms 
compari~onP which took into account the specific charac­

of the sample. The most striking change occurred 
the norms for the ATC means were adjusted for inCQme. All 
attitude areas dropped sharply, indicating that, compared 

persons in the ~o~tive sample earning comparable salaries, 
ATCs' attitudeS toward work (8th percentile), coworkers 

percentile) and pay (17th percentile) were quite poor. 
group was, hot·:ever, compared with persons in the Smith 

(1969) sample who were earning a comparable salary of 
000 and over" in 1960. As contrasted with the journeymen 

the Smith sample most likely would be most entirely from 
supervisory and professinnal levels. Thus, this compari­
may not ~~ve ~e~u altogether valid, and the pattern in 

37 m~y present a better understanding of the ATC scores. 

I~ seems apparent from the table that ATCs were uost sati­
with their pay, and slightly above average compared to 
workers. They were least satisfied with their coworkers 

clearly below average in comparison with other wcirkers. It 
seems apparent from the comparison data given in Table 37 
ATCs, in comparison with other workers, were 8bout· average 

olightly below av~rage in satisfaction with work. There was 
strongly favorable attitude area for ATCs when compared with 

workers, although their satisfaction with pay was above 

~· Normat1.ve comparisons for these scales were not pos­
as no~s were not developed. However, it was still poe­

to compare the ATCs' scoreR with other groups because 
(1963) reported means and varian"es fro~ a wide range 

1floe•·eo1t aampies. Table 40 presents r.he ATC results against 
result~ reported by Stogiill. In the table, the means re­

aubordinatea' deHcr1ptiona oZ h~# frequently their 
IU'>erviiiOJc/leader engaged in a given behavior. Thuo, the head­

of the columns refer to the supervisors of the group mem­
vho provided the behavioral ratings. 

Several interesting facts emerged from Table 40. Firat, 
supervisors uere &ignifieantly lower than other supt!rvisora 
all thre.:~ supervisory behavior11. With respect to Init1s­

of Structure, the ATCs described thetr super"isors as not 



C011MANDING LABOR 
ATC AR11V AIRCRAFT POLICE COHKUN- UNION CORPORA Tl ON 

SUPER- OFFICERS EXECU- OFF I- ITY PRES I- PRES I-
SCAlE VISORS & NCO's TIVES CERS Ill N I STERS LEADERS DENTS DENTS 

lr.ltlation of 31.78 38.60' 36.60 39.70 . 38.70 37.20 38.30 38.50 
Structure (IS) 

6.92 5.7o 5.40 4.50 4.90 5.70 5.60 5.00 

~09 235 165 185 103 57 44 55 

Consideratlo.., 33.08 37.10 37. 10 36.90 42.50 41. 10 42.30 41.50 
(C) 

].12 5.60 5.80 6.50 5.80 4.70 5.50 4.00 

408 235 165 185 103 57 44 55 

Tolerance of 35.13 35-90 38.00 36.30 
Freedom (TF) 

37.50 36.40 38.00 38.90 • 
4.?7 6.50 5.90 5.30 6.00 5.00 4.00 4.90 

408 235 165 185 103 57 44 55 

... 
All cells read: He a~ "' " Standard Deviation 

Number of Subjects 

.. 
----.------------~'"· ---·-· 

• _, 

~-- ··-' ~ • • 



clearly defining their own roles and not letting ~he ATC know 
what was e~ected. This finding was consist~nt with the obser­
vations of the ATC HCS team when visiting the facilitie:• as 
well as in interviews with the ATCs. This may stem. partly from 
unique features of ATC work that emphasize a great deal of 
individual responsibi!;;.ty. A'l'Gs, unlikt! many other employees, 
are highly trained when they begin on the job; thus, the amount 
of directive behaviors by their supervi:sors to ensure adequate 

performance may be low. 

ATCs reported less frequent consideration by their 
suoel:vJlscJrs than that reported for other supervisors. This 

indicated a low level of interaction between 
ATCs. 

the last comparison from Table 40 was inconsistent 
this low interaction interpretation; that is, ATCs, in com­

with other groups, reported that their supervisors had 
the same, or a slightly lower frequency of Tolerance of 

behavior. Thus, the ATC super.visor•s behavior, in terms 
his employees scope for initiative, decision and 

was perceived by the ATCs as slightly lower than other 
If there were a low level of interaction between the 

and their supervisors as previously argued, one would expect 
mean for Tolerance of Freedom to be higher. Examination of 
pattern of means for the other groups in the table illustrates 
rationale for this argument. The means for T.olerm~ce of 

in general, were lower than those for Consideration 
"q,::~:~~··~:~o~ of Structure. Typically, a supervisor with high 
~ of the Initiation of Structure and Consideration beha­

conversely i-eported to have less Toleranc.e of Freedom. 
showed a distinctly different pattern of me,ans. 

One explanation for this apparent inconsistency may be that 
supervisors did not interact very much with the ATCs in terms 

actual work performance; however, the supervisors may have 
restrictive in terms of non-~Jork pe=formance acl;ivities, 
daily assignments, timing o.f work bt·~ak.s, etc. Some anec­
evidence from observati<>ns by the ATC HCS team of the ATCa 

work place providt!d SOUle sutJvort for this observation. 

__ Since there were no norm g:coups or compal·ison samples 
these variables, a different perspective was needed to tater­
the ATe results ~n 1.ndividwll satisfaction and group mora:.e. 

purpose of attitude surveys in industry is to diagnJse 
areas in organizations. lk>st companies prefer to develop 
meaningful surveys than to use standard surveys wh1~h' 

norms but are generic and non-_specif ic in nature 
to the unique charact~riAtics of that company. Thus, .. 

I 
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has emerged a generally-accepted guideline or threshold 
to when ~ certQin level of dissatisfaction lladicate~ a prob­

and management should take some action. This 
threshold value varies from 20% to 25% 

threshold v~lue is based on several considerations. 
naciona1 surveys taken over the past 20 years indicate 

level of dissatisfied workers veried from 8% to 19%, with 
of 14% (Quinn et al., 1974). Second, from a practical 

managers believe that having 1 in 5 or 1 in 4 
wo1ek••rs dissatisfied is a serious problem. Finally, 

i::::~~i~:;1:::~:!~ of workers is costly in terms of turnover, potentially lowered productivity. A recent 
(Mirvis and Lawler, 1977) found that "expected 

diJ,ect-c:oslt savllng;s of $17,664 in absenteeism, turnover, and 
could result from a .5 standard deviation increase 

satisfaction. 

Using this standard for dissatisfaction, an ~xamination 
Table 41. reveals seve.ral noteworthy findings_. First, the 

percentage of scores in the neutral category for 
individual and group morale indicated that about 42% of 

ATCs felt "so-so" in general about their jobs. The distri­
bution for Individual Sattsfaction was not severe, although 
about 21% of ATCs were dissatisfied with their overall ~ersonal 
satisfaction in their jobs, while 36% were personally happy 
With their jobs. The story changed markedly for Group Morale. 
The percentages were reversed -- 39% of ATCs were dissatisfied 
with the general morale in their jobs, while only 19~were 
satisfied. . 

Examination of the items in these sc&les' (Table 42) pro­
vL!ed one possible explanation for these results. The Group 
Korale scale was mainly concerned with mana3ement, supervision, 
and wor~.1ng conditions, all factors extrinsic to the A'!'C's 
actual work, while the Individual Satisfaction items were more 
personalistic and dealt with the controller's job. This would 
lead one to conclude that the major sources of dissatiefa~tion 

·tn thA ATC'a jcb were not in the worlt itself, but rather in 
the work envir01llll'!:nC surrounding hia. 

159 
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TABLE 41 

Sca1~ Score Oist~l~utions For The Kavanagh life Attitude Profile 

PERCENT PERCENT PERCENT VARIABLE Dl SSATI SFI ED NEUTRAL SATISFIED 

Individual Satisfaction 20.9 42.9 36.2 • • Group Morale 38.g 42.0 19. I 

I 

I 
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TABLE 42 

KLAP Scales 

INDIVIDUAL SATISFACTION 

! am extreo~ly underpaid for the work that I do. 
I can learn a great deal on my present job. 
There is too much pressure on my present job. 
I ~m satisfied with my salary in relation to my job responsibilities. 
I am satisfied with the extent to which higher management keeps me 

informed by written conmunication {about my job). 
often feel tired and worn out on ~job. 

My supervisor has always been fair in his dealings with me. 
For my kind of job, they expect too much work from me around here. 

CROUP MORALE 

Management here sees to it thet·e is cooperation between departments. 
This facility operates officlently and ;moothly. 
Hy supervisor has the job well organized. 
Hanagement •eally knows its job. 
My supervisor knows v~ry little about his job. 
Po~r working conGitions keep me from doing my best work. 
Hy supervisor lives up to his promises. 
Hanagemen~ here does everything it can to see that employees get a 

fair break on the jcb. 
For my kind of job, the working conditions are okay. 
Hy supervisor gets employees to work as a team. 

i 

l 

r 
' l· 
! 
I 

,,~l 
- ; 
-~ 

.: .... ~J 

i 

' 



162 

SUMMARY 

Impact of Life Changes 

To test whether or not life change events were important in the 
development o~ exacerbation of disease, an inventory of life events, 
called Review of Life Experiences (ROLE) was developed and consisted 
of appropriate items from the two major existing inventories. the 
Holmes and Rahe Schedule of Recent Experiences (SRE) and the Pay­
kel, Uhlenhuth and Prusoff (PUP) questionnaire, and an additional 
20 items representing important life events not included in the 
other two. A total of 103 items appeared in the ROLE. 

The ATCs uere asked to make two ratings for each event that had 
occurred to them, a rating from 1 to 99 for the adjustment the 
event required of them, and another rating from 1 to 99 of the 
distress the event caused them. Fcur different life change assess­
ment scores were derived: 

1) a score based on the Holmes and Rahe items, using their 
scoring method, which was based on weights placed on the 
different items in accordance with the amount of ad1ust­
~ that a no~tive population group had indicated that 
item require<!; 

2) a score based on the PUP items. using the Paykel, Uhlen­
huth and Prusoff scoring method. which weighted the items 
by the amount of distress a normative population group 
had assigned to each item; 

3) 3 score on the Holme5 and Rahe i~ems based on the adjust­
ment weight each ATC himself assigned to that item; and 

4) a score on the PUP items based on the distress weighting 
that the ind'vidual ATC assigned to that item. In addi­
tion all 103 items could be summed for a total distress 
score. 

It was found that the ATCs aasigned greater weight to the adjust­
~ required by their life events than the Holmes and Rahe norma­
tive population did. but they were less distressed by their life 
events th~o1 the PUP normative population. 

Because furt~er analysio suggested that the normative weights re­
flected more the number of life ev~nts than the distress caused by 
them, it was decidP.d to use the ATCs' own ratings of distress caused 
by the life cha~es in further predictive studies. 

;. 
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6. Impact of Life Changes 

We knew from our previous reading of the psy"~.hology litera­
ture that life events were considered by many researchers to play 
an l.mportant role in the development or e.xr .. cerbation of disease 
{Hurst~ Jenkins and Rose, 1976, 1978). 1.1e were therefore inter­
ested from the outset of the study in ascertaining whether or not 
significant events occurring in the lives of the ATCs were related 
in time and in emotional effect to the onset of either physical 
or psychological diseases, or both. However, the method of quan­
tifying life change events and attributing the derived measu~ements 
to appropciate conclusions presented certain problems. 

Existing Methods of Measurement 

TYo major approaches had been developed for the system~tic 
recording of life events and their e!iects on individuals. The 
Holmes and Rahe approach (Holmes, Rahc, Hawkins, Oz.vies ara.i othe.rs, 
1957, 1967a, 1957b, 1967c, 1969, 1970, 1976) involved the develop­
ment end testing of an instrument to assess the frequency of occur­
rence of 43 life events. This instrument, the Schedule of Recent 
Experience (SRE) was later revised, with an addltion of 12 items, 
and renamed the Recent Life Change Questionnaire. Another instru­
ment, the Social Readjustme.lt Rating Questionnaire (SRRQ) was de­
vised to be used with the SRE. By administering the SRRQ to re­
search populations, the developers_.w.ere able to obtain population 
ratings of the amount of readjustment required after the occurrence 
of specific sRE· life events. These population estimates of read­
justment, called life change units or LCU, were applied to the 
events checked by an individua1 on the SRE and summed to give an 
individual a total life change score. 

The second approach, that of Paykel, Prusoff and Uhlen;JUth 
(1971, 1972), involved use of a 61-item questionnaire to elicit 
the life changes that had occurred, and also to attach to these 
life event~ varying weights (LCW) that represented p0pulation rat­
ing~ of the amount of distress caused by ea~h specific life change. 
The Total Life Change score in this appr·oach was the sum of the 
life changes that had occurred weighte4 by the distress a general 
research population had attached to each such life event. 

The Holmes and Rahe and the Paykel, Uhlenhuth anu Prusoff 
questionr.aires overlappeJ somewhat in item content, and were simi­
lar to the f'.Xtent tl'-at they both apPlied popull.tion estimatea- of 
the aruount ·of distress or artjustment to the events reported by an 
individual to avo:f.d the circularity that might occur in retrospec­
tive studies; that is, it was important in retrospf'?.ctiv:! studies 
that th~ individual who became ill did n0t on that account ascribe 
b~lat..-.d tmportance to the lif"!. event occt:.rring previously. 
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Although ~oth the approaches were based on. the number of sig­
nificant life chan~es occurring to an individual, the Holmes and 
Rahe weighted the readjustment required whil~ the Paykel, Prusoff 
and Uhlenhuth weighted the distress produced bv the event. 

Our research into the value of using one or the other method 
of assessing life change raised a number of questions that led 
eventually to our use of the items from t~e two available instru­
ments with other items that we added together with a different 
weighting perspective, in a new questionnaire that we called the 
Review of Life Experiences (ROLE). 

These questi~ns involved the applicability of the population 
ratings established by the original research to other groups and 
cultures, the ~ossible differences in ratings of tmpact when the 
events were actuallt experienced as opposed to estim~tes of impact 
when they were not actually experie~ceJ, the effect on the ratings 
of the recency of the event, the age and the sex oi the rater. 

Althougp the developers of both existing instruments declared 
that the normative weighting uPits used for each were applicable 
to many different groups, and additional research supported this 
contention in terms of the rank ordering of life ~hanges, little 
was known about the way in which cultural group differences affected 
the total life change score, the variable we intended to use for 
our predictive studies. In addition, results of several studies of 
dUference'3 in ratings for recent events and for the. same events 
when they were more remote, and result·s of studies of age and sex 
diffc::ec~!es in rat~.ng, all caused us to decide that the state of 
the art of measuring life change events an~ interpreting the mea­
surements was neither sufficiently advanced nor expedient to merit 
the use of the existing methoJs without modification. 

One modification that avp~ared to us to be very important and 
that was suggested in the literature by Rahe (1976) and others 
(Gold!,erg and Comstock, 1976; Paykel, Prusoff and Uhle:iliuth, 1971) 
after ~ome years of research with the original approach ~ac th~ 
use of individuals' idiosyncratic ratings for t.'eights instead of 
the normative ratings. The results of several studies suggested 
that the indi•ridual's own ratings may have better powe,.. to predict 
di•oase than normative ratings (Lundber~, Theorell and Lind, 1975: 
Rub1!1, Gunderson and Artht>r, 1969, 1971). . 

AdrUtioLtal decaila of the characteri.s .. ics of •:he existing in­
struments, the results of research involving their use, and the 
questions that have been rllised can be found in three papers pr~­
pared for publication under auspices of tnis study which are in­
cluded in Appendix II (Hurst, J•~l~ns and Rose, 1975, 1978, and 
H•ll"st, forthcoming, 1979). 
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Review of Life Experience (ROLE) 

After studying the questions briefly summarized above and con­
cl,~ding that neither one instrument nor the othe.r sufficiently sat­
isfied our purposes, we devi$ed a co~sita questionnaire, called 
the Review of Lil~ Experience (ROLE). Toe ROLE included 39 of the 
43 ttems of the• Holmes and Rahe SRE and 52 of the 61 ite!DS of the 
Paykel et al. questionnaire. We added 20 new items that represented 
important lif~ crises not included in the two existing scales. In 
addition some of the standard items in both lists were broken down 
into thei-;: positive and negative aspects. '!'he ROLE as it was con­
stitut~d allowed us to create Holmes and Rahe equivalent total LCU's9 
and Paykel, Prusoff and Uhlenhuth equivalent total LCW's. After 
indicating that any listed event had occurred, the ATC was as~ed to 
make an adjustment rating and a distress rating fro~ 1 to 99 for 
that event. 

The instructions for adjustment and distress were carefully 
written to distinguish between the rwo. and a linear scale was pre­
sented for each to illustrate how to assign a value. The scale had 
markers every 10 points. Beneath the. 1-10 range on the adjustment 
scale was written "vacation." "Marriage" was written beneath the 
range of 44-55. "Death o!" spouse•· was written beneath the range of 
90-99. The distress ratings, to be made after the adjustMent rat­
ing<i, were accompanied ·by a scale With "child married with your 
approval" written under the 1- LO range, "additional person in house11 

written under the 4.5-55 range. and "child died" written under the 
90-99 range. A copy of the ROLF. with instructions is inclYded in 
the F ..... hibits appended. 

Although we had excluded certain item5 of each of the sche­
dules because they were no~ applicable to ouc group (e.g.~ questions 
concerning pregnancy, r~tiraaent. ~tc.)~ the total scores of our ATC 
respondents on the Holmes and Rahe items would be the same as if we 
had used the original schedule because the items excluded would not 
have OLcurred to them anvway; and the ATCs' scores on the Paykel et 
al. items _would also correspond to·their scores on that original 
schedule.* 'The:efore, we were able to compare our ATCs with the 
normative groups on each set of itaa~, and as the adjustment and 
~istress ratings ~ere made for all lOJ ROLE items, we were also 
able to asce._·t:ain whether or not r:here w-e:;7e significant ci.iffer~ces 
oet:ueen the amount of adjustment and the amount of distres:'\ caused 
by the SJ>ecific life change. events. 

* The original Paykel et al. inventory used a range of 1-20 rather 
than the 1-infinity s~ale, later reciuc~ to 1-100, used in the 
Holmes and Rahe schedule. Therefore, for comparison W!th the 
Paykel norm..::;, we simply divided the ATCs' score.'i by 5 to obtain 
equivaltmce. 
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The ROLE qt:estionnaire prcwidP.d, therefore, four primary life 
change asses~ent s~ores: 1) the Holme6 and Rahe normative total 
LCU equivalent, 2) the Paykel et al. normative total LCW equiva­
lent, J) an individual's total life change adjustment rating for 
the Holmes and Rahe items, and 4) an individual's total life 

dlstress rating fer the Paykel et al. items. In addition 
possible to sum across all 103 items for a total di3tress 

At the intake visit to Boston University Medical Center, the.· 
completed the ROLE at video terminals, responding interac-

to the computer displays. Previous instructiono on using 
terminals had been p~ovided and checking and verification pro­

were built in to preclude invalid responses. 

The entire list of 103 items was presented first, one at a 
A subject indicated if the event never occurred in the prior 

years, if it occurred in the past 6 months, if it occurred in 
previous period of 7-24 months, or if it occurred both in the 
6 months and in the preceding 7-24 months. The computer was 

to accept only one of the four alternatives. At the 
of the presentation and response to 411 103 items, the subject 
an opportunity to change answers. The computer re-displayed 
item, and the new answer could be substituted. 

satisfied with his response concerning occurrence or 
~n··o<:ct•rtcer•ce of events, a subject was presented with the !nstrue­

adj ustment ratings. The anchor:i.ng scale was continuously 
in a protected field of the video display. The computer 
items that the subject indicated had occurred. It dis­

the item and requested an adjustment rating in accordance 
the inEtructions. After receiving adjustment ratings for all 

the events that had occurred to the subject, the computer dis­
the instructions for distress ratings along with the distress 
Agaio the items were displayed and a distress rating was 

~uest:ed Hence ratir~a were obtained only for those events th&t 
subject. 

a comparieon of total life change sco~es 
ratings with the scores produced when the 

hitl.ve ratir,gs were used. The table shows that the individuals' 
of the adjustment required by their life change events 

a significantly E1sher life chAnge sco~e than that pro-
by the •~~e life changes weighted by the normative LCU of 

Holmes-Rahe items (t • ~.99, P <.Ol). On the other hand, the 
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TABLE 4) 

Comparison Of Total life Change Scores 
Using Individuals' Ratinos ver~us Normative Ratings 

He an Standard t for corre-
N ~ Deviation fated means ...!!!.._ 

tota I LCU 356 Ill .04 75.85 
2.99* 355 

individual 
t ratlngc 

SRE items 356 124.84 118.38 

356 30.68 23.88 ) 

356 15.97 17.32 -16.91* 355 

*P < 0.01 
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own rz.t.ings of distress resulted in a significantly ~ 
mean total score than that produced by applying the normative 
LCW to the Paykel et al. items. 

The intercorrelatio~s of the life change total scores pro­
duced by the four different assessment methods are displayed in 
Table 44. The highest correlation, .29, was between the SRE 
total LCU and the PUP total LCW, attributable partially to the 
overlap of 25 items between the two schedules. The total indi­
vidual adjust~ent rating scores correlated .68 with the normative 
scores and the total individual distress rating scores correlated 
.73 with the normative weighted scores-. 

In summary, the life change events of the ATCs appeared to 
require more adjustment on their part than other groups have in­
dicated, and ap~ea=ed to cause less distress than other groups 
have experienced. 

The frequency distributions of the number of life events t~'~ 
occurred for each man in the most recent 6-month period are shown 
for the SRE and the PUP schedules in Table 45. The distributions 
for both inV~ttories were highly skewed, with that for the SRE 
events less skewed than the PUP inventcry (significance o-f the 
differer.cc, Kolmogorov-Smiroff D • .23, P <.01). The median num­
ber of Holm~s and Rahe events per individuals was 4, or 10.2% of 
those possible; for the PUP events it was 3, or 5.8% of those 
possible. Overall, for alJ. 103 items in the ROLE, the average 
proportion of events per individual was ).1. 7%, The ROLE event fre­
quency distribution was less skewed than that of the ewo contri­
buting inventories. 

As further analysis suggested that the normative weights may 
reflect more the number of life change events than the stress 
generated by them (see Hurst, Jenkins and Rose, 1978), we saw ad­
ditional justificat.ion for proceedirig with- our predictive studies 
using the individually rated life change scores. 

The extent to which this variable was related to the develop­
ment of physical or psychiatric illness is discussed in Section V, 
Predictive Findings. 

• 

• 

• • 

" 

I 
'I :I 
! 
A 
l 
I 
) 

:i 
' 

~: :l 
:~ 

' t, 
:; 

\j 

i ,, .. 
~~ 
~: ,, 
,l 



TABLE 44 

lntercorre!ation Matrix Of Life Change 
Total Scores For Four Assessment Methods 

(N • 35GJ* 

SRE PUP Toto1 Total LCU Total LCW Adjustment 

LCU 1.00 0.79 0.68 
LCW 0.79 1.00 C.S6 

adjustment score 
SRE items 0.68 0.56 1.00 

distress score 
PUP items 

0.59 0. 73 0.71 

All correlations signlflca~t at P<O.OOOI, Z·tailed 

·-
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Total 
Distress 

0.59 

0.73 

o. 71 

1.00 



Number of events 

0 12 3.0 3.0 21 5.2 5.2 I 27 6.7 9.7 61 15. I 20.3 2 40 9.9 19.6 78 19.3 39.6 3 61 15.1 34.7 73 18.0 57.6 4 76 18.8 ·53.5 43 10.6 68.2 5 5! 12.6 66. I 47 11.6 79.8 6 30 7.4 73.5 31 7-7 87.5 7 33 8 .I 81.6 16 4.0 91.5 8 29 7-2 88.8 l3 3.2 94.7 9 21 5.2 94.0 6 1.5 96.2 10 10 2.5 96.5 5 1.2 97.4 II 6 1.5 98.0 9 2.2 99.6 12 4 1.0 99.0 2 0.5 100. I 13 2 0.5 99.5 0 0 I 00.1 14 2 0.5 100.0 0 0 100.1 15 0 0 100.0 0 0 100.1 16 0 0 100.0 0 0 100.1 1]. I 0.2 100.2 0 0 100.1 
Totals 405 100.2• I00.2a 405 100.1a 100. Ia 

!lean (SO) 4.9(2.8) 3.6(2.6) Hedlan 4 3 Mode 4 .1 

-a 
/ 

These totals do not add up to 100% due to rounding ~rror. 

----------....... ---~------<--- ··--- --·-. 
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SUMIIARY 

Measurement of Air Traffic Controller Workload 

to detercine whether or not the air traffic controllers' 
psychologica, behavioral or physiological re.sponsivity 

was related to their health changes~ their differential 
needed to be evaluated. Components of workload assessed 

'1) Peak aircraf~, the raw oaxtmum number of planes coming 
under controJ. within t:1e 2 minutes before physiological 
measure&ents were made; 

2) Transitioning aircraft} a count of the number of planes 
climbing or descending in the few seconds before i:.i.,c phy­
siological measurements; 

3) Proposals, the planes expected co come under a controller's 
legal authority; 

4) Duty position, one of seven positio~ts·: data or clearance 
delivery, hand-off. or ground control, radar or local con­
trol, check~ride monitor, training, radar coordinator, or 
supervisor; or on break; 

5) Sector Ty~es, one of five types: arrival/departure, en­
route low, transition low, enroute high, tr~nsition high; 

6) Percentage of air space not available because of military 
.operations or weather conditions. 

workload measures were derived as follows: 

1) Normalized peak t\affic, a measure re!lecting the differ­
ence between peak traffic at any place/time/position and 
the average peak traffic that could be expected for the 
facility/sector/position at that time, allowing com:?ari­
sons of t:len 's responses to change in workload regardless 
of facility, sector or position worked; 

2) Maximum peak traffei'~, · t'ht! highest raw peak traffic <·.ount 
recorded for a man during a fi~ld study day; 

3) Maximum normalized peak traffic, ·'"·~he highest nonnalized 
peak traffic for a man in a day, 

4) Range in peak traft~c, representing the fluctuation .ln a 
~'s workload for a day; 

5) Range in normalized peak traffic, r.epresenting the fJ'.uctu­
ation in normalized work loaci; 

6) tlaximum consecutive time on position, the maXimum nun-.ber 
of consecutive obs~4~ation periods during a day that a 
man worked a journeyman position without a break; 

• 
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7) Total time on a working position, the ·:tum.ber of times, 
of a possible 15 in a study day, that a man worked on a 
journeyman position; 

8) Training time, the amount of time a can spent during the 
5-hour study day in training developm~ntal controllers; 

9) Training work, the peak traffic counts of the trainee while 
being trained ~y a subject controller. 

measures were tranRformed into the following measures, ~ach 
some u~ique dimension~ of worklcJad for the day: 

J.) 

2) 

3) 

4) 

5) 

6) 

Paceload, the sum of raw peak traffic reco~ded for a 
man duri"ng the day, maximum peak traffic ant! range in 
peak traffi•! over the day; 

Normalized workload, the sum of normalized peak traffic, 
maximum normalized peak traffic ard range in peak 
traffic for a day; 

Timeload, the sum of maximUQ ccns~cutive time on position 
and total time on position; 
Area workload, a measure of airspace load esti~ted by 
nuraber of transitioning planes p1us a weighted index ap­
plied to the five types of secto:rs; -
Time training, the tleasure defined as a ccmpon~·.nt of work­
load; 

Work train1.ng, the measure defined as a componet\t of work·· 
load. 

following findings emerged: 

1) Paceload increased, on average, by 50% over the course of 
the study; 

2) Pa<.eload <llffered significantly among the facilities; 
3) The oldest group of controllers tendec.l to have a lower mean 

paceload, but there was no significant difference between 
three groups clustered Uy length of experience; 

4) Facilities 1id not differ in averase normalized workload, 
as expected !Jy design of the variable; 

5) Neither age nor experience gruuping provided systematic 
differences in normalized workload; 
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6) Ttmeload differed at the different facilities; 
7) Age and experience differences in timeload were not sta­

tistically conclusive; 
8) Facilities diff<red significantly in amount of time spent 

training; 
9) The oldeut and most experienced ATCs spent the least amount 

of time in tra·:.ning others; 
10) Trainees at the NYARTCC handled more aircraft than train­

ees at other facilities; 
11) There was a tendency for the trainees. of older and more 

experienced controllers to handle fewer aircraft. 
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7. Measurement of Air Traffic Controller Workload 

A major-emphasis of this study was to examine air traffic 
controllers on the job to determine if their differential psycho­
logical, behavioral or physiological responsivity on the job was 
related to the development of health changes. Consequently, in 
May of 1974 we began studying men for five-hour periods during 
randomly selected wor.k days, measuring blood pressure, collecting 
blood samples for hormone assay, observing behavior and noting 
workload. At the conclusion of our field studies in July, 1977, 
we had completed 1,470 blood pressure studies and 1,156 hormone 
studies yielding a total of 2,626 man-days of studies at work. 
As some of these studies represented augmentations of the routine 
ten visits to the field and included a small number of highly 
cooperative men, our basic data consisted of 2,570 ~n-days of 
observation at W.Jrk, result-.ing from the five studiea of blood 
pressure and five studieS of endocrine variables. Since each 
man-day consisted of five hours of observation ar.d three obser­
vations were rn:ide for each huur, a total of 38,550 concurrent 
observations of physiology and work formed the basis for our 
assessment of workload and reaponsiv:!.t:' on the job. For some 
studies of worklo~d alone, 2626 man-days of data were used. 

Table 46 displays the number of field studies completed 
for the participants. As. can be seen, almost all controllers 
were subject to at least one field study, Those few who were 
not had dropped out of the study or were ineligible for field 
studies by the time that they were approached. On the average, 
6.2 days of observation were completed for the original 416 air 
traffic controllArs who volunteered for this study, More than 
half of the controllers had six or more field studies completed by July, 1977. 

Workload was ob~erved and measured. concurrently with mea­
surement of blood pressure and collection of blood samples for 
endocrine studies. Table 47 di~playa the number of participants 
for whom blood pressure and endocrine field 9tudies were com­
pleted. Blood pressure studies were completed for m~re ~en than 
end~crine studies, a result which we attribute to the less in­
vasitre blood pressure measurement equipment. 

Each field study included an assessment of eight possible 
moods at the be;;inning of the day (see Section IIIB8). AC~er 
tht:! ATC completed the mood questicmiaire, there were eith"!r 
15 measurements made of blood pressure or 15 collections of 
blood seJ:um. at 20-minute intt:.!"Vals. Eac~ of these physiological 
events took place two minutes after the evaluation of eight 
diff~rent work variables. A~ the end of the study day, a con­
troller cnmplet~.d a 17-item "subjective difficulty" qu"!stion­
naire thr.t inqul red .about his opinion of the day's work dif-
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TABLE 46 

Number of Field Studies 
Completed by Participants 

· Number of Hen 
Hen Completing 

27 

389 

367 

347 

325 

289 

263 

229 

180 

123 

58 

Total Field Studies • 2570 

Average Field Studies per Participant • 6.2 
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%Of Original 
416 ATC Volunteers 

6.5 

93.5 

88.2 

83.4 

78.1 

69.5 

63.2 

55.0 

43.3 

29.6 

13.9 
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TABLE 47 

Participants For Whom 
Blood Pressure and Endocrine 
field Studies Were Completed 

Number of Men % of Number Completing Original of Men Endocrine 416 ATC Completing Blood Studies Volunteers Pressure Studies 
369 88.7 
316 76.0 
243 58.4 158 3C!.o 
63 15. 1 

1149 

Field Studies • 2570 Man-days 
Hours of Observ.:tion • 12,850 Man-hours 

r•••••vo,.ions • 38,550 Observations 

382 
340 
288 
Z49 
162 

1421 

% of 
Original 
416 ATC 
Volunteers 

91.8 
81. 7 
69.2 
59.9 
38.9 
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ficulties. A description follows of the workload variables that 
were assessed by direct observation and tPose that were rlerived, 
and our method of determining the mosc complete and appropriate 
measures of workload. 

Components of Work Tr.at Were As~essed 

Peak Aircraft. A number of previous studies, including two 
preliminary studies of thi~ research team, indicated that the 
raw maximum number of planes comin15 under control within a unit 
of time was the best objective index of workload for controllers. 
These previous studies showed that peak traffic was signifi:antly 
related to "pace" (ratings of behavioral arousal and activity 
while contr~lling ai~craft), heart rate and observer-rate~ 
stress (Hurst and Ros~, 1978a, 1978b; Laurig, Becker-Biskaborn 
and Reiche, 1971; Philip, Reiche, and Kirchner, 1971). 

In these previous studies the unit of time during ~.rhich the 
maximum peak tr?:fic was observed varied from 1 minu~e ro 10 
minutes. The pre5ent research team conducted a pilot ~tudy 
varying the observation time from 2 minutes to 10 minutes at 
!-minute inter\·als. We found that the peak traffic during a 
2-minute period of time was highly conelated (above .80) With 
the peak traffic that would be observed in 10 minutes. Conse­
quently, for the purpose of this study, peak traffic was asse~­
sed in ten two minutes prio~ to a physiological measurement or 
collection in order to allow the field technicians the oppor­
tuni~y to study more than one man per d~y. 

Transition~~-g Aircraft. Two published studies also sug­
gested that thE: number of trausitioning planes, i..e., those 
ascending or descending, might be a relevant objectiv~ index 
of workload (Hurst and Rose, 1978a, 1978b). The3e studies 
investigated the theoretical variables of Arad (1963, 1964a, 
1964b), called control load variables. Although Arad's work 
was primarily i~tcnded for the optimization of sector design 
characteristics, we used his formulations in a pilot study. 
The pilot study included data from the sectors in the New 
York and New England Atr Route Traffic Control Centers and 
from all of the major !FR airport towe-r"J in the con·tinental 
United States. The results of the pilot st~dy $howed that 
the number of transitionir.g aircraft Wa.J significantly re­
lated to Arad' s airspn.c.e cuntrol load variable a:r:.d was in 
fact an important cor~Jponent of workload. Consequently, our 
field studies also included a ~aunt of ~~~ number of planes 
climbing or descendtng (transitioning) in the feu seconds 
before the physiological measurements or collect!.ons. 

Pr:ogcsals. "Proposals" were COtlsidered to be a third 
r.'CssibJ.e component of workload. These are the computerized 
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flight plan report& receiveC and posted at an air traffic con­
troller duty s::.:ation, and they represent those planes th:::t can 
be expected to come under the controller's legal authority. 
Alti'"Jugh uo previous research has established the relevance 
of pro~osals, our observat:..ons in the facilities had iudicated 
that at least sorue men experie~ced ~nticipatory reactions when 
their proposal board filled up. Consequently, our field tech­
nicians also noted the number of proposals on ~he board in the 
seconds before the physiological measurement or collection. 

Duty Position. The position at which a controller was 
working also was considered a component of worl:load. Controllers 
in air traffic control centers could be workina dOY one of 
sP.ven positions: data, hand-off, radar, cher.k-ride monitor, 
training, radar coordinator or supervisor. ln towers, control­
lers could be working data, clearance delivery, ground control, 
local control, check-ride monitor, training or supervisor posi­
tions. Observations in the f:'.eld and pre 1 iminary analyses inc'!.­
cated that the data and clearance deliv~~ry r lSitions were essen­
tially equivalent; that the. hand-off and gr->t.nd control positionl::l 
were essentially equivalent; and that tlte radnr and local con­
trol positions were essentially equivalent. Consequently, we 
combined ·these poaitions so ~hc:tt seven position codes were avail­
able to be assigned €&ch time a n1an was observed. Only four of 
these positions were technically working positions tor journey­
ooaa controllers with direct legal responsibility for aircraft 
separation. When a man was on break (either !n o~ out of the 
control rcom) or when a ~n was not assigned a specific job task, 
a special code was assigned. The posit~ons were as follows: 

~~1 (in or out of the control room) or not assigned. 
This posi.ti.on code was established to allow separate evah.:~tion 
of our continuous physiologtcal measures wheu a man was on a 
working ?Osition and when he was not. 

,Data or clearancP. deliv~. The data position required a 
controller to remove propcaal strips from the computer and to 
update these as needed. The strips were placed 1.n plastic hol­
ders and then put on the prJpo3al board. TI1e clearance deli­
very position in a tower r~ttuired the transmlttal of instructions 
and air f 1eld data for tak<!off and landing as directed by the 
local or ground controller. In essence both the data and c:ear­
ance delivery positions were cJ.erical. The&e were not jourt:1ey­
man positions since ther~ waa no legal responsibility for air­craft. 

Hand-off or ground ~ot. The hand-of£ controller pro­
vtded Lhe majority of radi·.:- communications between sectors whe:t 
an aircraft was leaving the legal control of on~ s~ctor and .,, 
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entering the legal control of another sector. This task re­
lieved the radar controller of these communications. Similarly 
the ground controller at a towe~ provided taxiing instructions 
before and after landing and relieved the local controller ol 
communications with planes that were not yet in a legally de­
fined air space. P.ence the hsnd-off and ground controller 
positions were pr~arily communications positions without res­
ponsibility for the separation of aircraft in ~egally defined 
air space. They were, how~ver, journeyman positions. 

Radar or local control. The radar po&!tion was the most 
skilled position of a journeyman air traffic controller. He had 
the legal responsibility for separating aircraft within his 
legally defined air space (called a s~.ctor) in accordanc~ with 
FAA standards. In a tower the local controller had this respon­
sibility even though his controlling was primarily visual in 
nature once an aircraft was handed off from the arriva!/depart­
ure radar sector of an air route traffic control center or the 
IFR room in a tower. These were journeyman positions. 

Check-ride monitor. The check-ride monitor was a highly 
responsible position assumed primarily by experienced and highly­
rated journeyman controllers. The controller in thi.s position 
was responsible for a s£ctor but another controller actually 
provided air traffic seraration within that particular sector. 
The check-ride monitor's responsibility was not only to insure 
the separation of aircraft within the sector, but also to eval­
uate the performance of the controller actually providing 
separation services. A particular ki~d of stress accompanied 
this position since the check-ride monitor could not proVide 

or direct traffic without automatically failing 
controller att~pting to prove his mastery of the sector. 
was a journeyman position • 

. tn the training po31tion. a journeyman control­
was plugged into a sector alon; with a non-journeyman con­

The journeyman controller pro•.-ided on-the-job train­
for develoy~ental controllers. i.e •• those who had yet to 

mastery of all of the sec~oru vithin their areas «nd 
had to pass the journeyman air treffic controller examina­

The trainer Wl!& legally respondb'.e for separation ot 
within the sector at all times. In order to provide 

Pr<>Pr1al:e training, however. it ~·.as necessary that the 
~llow the trainee soae errors in judgment or p1L~ing, 

making sure that this allowance did not become too gener­
Thi: was a journeyman pooition. 

Radar coordin.!!E.9E.. Thb p<>sit1on, prima~ily found in the 
IFR Room at Kennedy Airport, entailed coordination of 

conttu.lers at several sectors. The radar coordinator 
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an active separation responsibility and communicated both 
working controllers and aircraft. This was not consid­
a journeyman position since it was supervisory, and a 
coordinator Cid not have legal control of aircraft. 

Occasionally men in the study were assigned 
te~~~~s~upervision of an area. Although responsible for 

the work within an area, the supervisor typically had 
responsibility for active separ ·~ion of aircraft; 

assigned to the terporary su, •f.sory position 
pr:~Lrily responsible for maintaining • ~te staffing, 

on break, me~l sc~edules, and the ~oordination of 
personnel activities. This was not considered a journey­
position since it was supervisory, and a supervisor did 
have 1 egal control of aircraft. 

Sector Tvoes. Our prelimin·ary work alno indicated that 
type of sector worked was a relevant component of workload 

and Rose, l97da; Hurat and Rose, l978b). Five types of 
were identified. 

controller at a tower o·r 
to a tower or IFR room. The aitspeed 

such sectors was relatively low. The nt1JDber of 
become quite high. The area of ai~space c~vered 
small, and these sectors were low altitude. 

A secon~ type of sector ~as an enroute low sector, defined 
1 sector 1.;;, which air space extended up to 17,000 ft., and 

which leas than half the air~raft were transitioning. 
low sectors bad relatively gruater n~bers of air­

~lying at relatively a ow speeds in areas slightly larger 
these of arrival/departure sectors. Very often the majo­
of traffic in these enroute low sectors ~as general buai­
avia.tion rather than coDDercial airliners since the latter 

much hlghe~ when th~y are enroute to their destination. 

A third type of sector was the transition low Sli!Ctor. !he 
UWltl•on low ser.tor waa characterized by ~ltitude reaponai~i­

below 17,000 !t., but within which the majority of air­
were climbing or descending. !ypically thia vaa tha see-

to which "" arrival/departure sector w<>uld hand off. 

A fourth type of sector W4S the enroute high, defined as 
responsibility for aircraft above l/,000 ft., and with-' 
leoa tban halt the traffic was climbing or daacending. 

ly these sectors c-overed t~touaanda of •q\:Are miles and 
-· 

,, 

I 
I 
l • 
l 

) 

. ..-~-.... 



)81 

were concerned mainly with commercial aircraft on designated 
airways enroute to their destination at a defined altitude. 

In contrast to the enroute high sector, a transition 
high sector was on~ in which a majority of planes were climb­
ing or descending in the altitude strata Jbov~ 17,000 ft. 
Transition high sectors also primarily hand.led commercial 
airline traffic and were responsible for thousa.~s of square 
mi!es. 

Percentage of Air Space Not Available. Finally, as sug­
gested by Arad' & work, our fJ.eld technicians assessed the per­
centage of sector air space not avallable for controlling be­
cause of either military or weath~r conditions. Unavailable 
air space was an important consideration for workload assess­
ment, since the amount of airspace within which a controller 
could maneuver aircraft affected his feeling of pressure and 
activity. Since most pilots do not like to fly throuah bad 
weather, airspace may become quite crowded when bad weather 
blocks normal air routes and controllers must direct pilots 
to other air space. In addition. the military o~casionally 
blot~ off certain sections of airspace in order to conduct 
military maneuvers. This reduces the amount of airspace with­
in which a controller can direct air traffic and· increases 
the density of operations. 

These six variables were the ~~in components of workload 
which we decided to observe directly. A m'mber of other com­
ponents were derived from our field observattons. 

Components of Workload That Were Derived 

Normalized Peak Traffic. A considerable amount of time 
in the first year of the study was spenr. :\n the facilities. 
Two ~rtant observations were made. Fir~t. the air traffic 
conditions varied widely among the facilit~es. s~r.ond, the 
controllers adapted to and reacted to their environments in 
similar ways despite the different air traffic conditions. 
Consequently, we concluded that wa needed a measure of air 
traffic that would be compnrnble across facilities and would 
reflect the observation that men'a responses to air traffic 
conditions were relative to wnot conditions they usually 
encountered. The conditions to which they were accustomed 
included not only their facilities .E!l.>. .!!.!• but also the posi­
tion that they were working and the type of sector that th~y 
worked. Table 48 displays a comparison of the peak traffic 
II!L>ng the differ<mt facilities, po,•itions, and sector types, 
confirming our observations regarding their differing traffic conditions. 



Number of 
Observations 

~Peak*** 

S.D. 

Hlltlber of. 
ObservatIons 

ll.aan Peak 

S.D. 

Numb•r of 
Observations 

Hean Peak 

S.D. 

1300() 

4.38 

2.65 

5335 2840 1320 

2.63 l:J.!. 2.4~ 

1.84 I. 76 I. 76 

F•541.23 df • 7,23763 p .::.0001 

Hand Off/ 
Ground Control 

4622 

.hi!. 
2.50 

POSITIONS 
Radar/ 
local Co11trol 

15657 

hl! 
2.43 

F • 38.89 df • 3,23767 p < .0001 

508 377 

1.62 .LZ! 
I. 23 1.38 

Check-ollde 
Mo~ 

81 

~ 
2.~~ 

Arrival/ 
Departure 

SECTOR TY~ES*•' 

EnRo~.;te Low 
Trarj~ I i. !on 
Low 

EnRoute 
Hioh 

9291 

·l:1!!_ 

2.15 
F • 235.62 

1283 

4.45_ 

2.72 

df - 4,23748 

5765 

3.27 
2.26 

p < .0001 

~ 

3445 

4.28 

3.09 

328- 63 

L2I !.:..!!! 
1.49 1.17 

Training 

3411 

4.01 

2.5! 

TransIt len 
!!.!.2!!_ 

3569 

!!.:.Ql 
2.45 

* Cf the 38,550 observatlons,2J,771 occurred on a working jnurneyman position (breaks, data coordinator and super­
viSbr positions w~re exc1uded). 

** 2),753 observations; 18 observations occurred on non-classifiable sectors ar.d were excluded. 
***Mean peak re;uesents the lriean of all observations of the maximum number of planes within an ATC's control during 

a 2-mlnute perlcd. 

-- - ~------ .. ---·-------------·-
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The mean peak traffic was significantly different among 
the diff~rent facilities, positions, and sector types, ranging 
fron 1.18 at the Providence Tower to 4.38 at the New York Air 
Route Traffic Control Center. The mean peak traffic varied 
from a low of 3.51 at the hand-off (or gxound control) position 
to a high of 4.01 at a training position, and from a low of 
3.20 on arrival/departure sectors to a high of 4.45 on en­
route low sectors. 

To control for th~se systematic differences, we devised 
a measure that we called •'normalized peak traffic. 11 To accOm­
plish this w~ computed the mean and standard deviation of peak 
traffic for every combination of- facility, sector type and 
journeyman position in the entire series of field study observa­
tions. All calculati~ns were based on a minimum of ten observa­
tions for each combination of the three variables. In cases 
where fewer than t~n observations were nvailable for a given 
combination, we to•;ic. the next higher order mean and standard 
deviation. The or3Er of importance for this special step was 
facility, sector, ar::d position from highest to lowest. All o~ 
the statistics for t.~1e mean and standard deviation of peak 
traffic hy ~ery c~mbination of facility, sector, and position 
are presented in Appendix !, Tables 46-52. 

Using these statistics, we then calculated a normalized 
peak traffic for each sample observation i~ a day. This nor­
malized peak traff~ was equal to the ra~ peak traffic of the 
particular observation minus the mean f>eak traffic, divide~ 
by the standard deviation of peak traffic, where the mean and 
standard deviat~on were those of the facility/sector/ position 
being worked when the peak traff.ic observation was made, as 
in the following formula: 

NPT • PT of cbservation - Mean PT of Facility/Sect./Poa. 

S.D. P.T. of Facility, ~ector, Position 

If no peak traffic observation wes made because the man was not 
working one oi the journeyman positions, then a missing value 
was assi.gned. This method of calculating a norL~alized peak 
traffic was the equivalent of calculating a standardized z­
score with a mean of 0 and a standard deviation of o~e for 
each of the 15 observations in a study day. 

Therefore, th~ normalized peak traffic variable reflecteu 
the difference between the peak traffic at a particular' point 
iu time and the average peak traffic that could be expected 
for the facility/sector/position at that time. Since these 
normalized peak traffic measures were standardized in this .. 
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possible to compare men's respon&e to change in 
of the facility, sector, or position they 

workload component variables were derived from 
Observations within a work day. 

The maximum peak traffic a man 
hours of observation provided a measure 

inlt~osi.ty of workload experien~ed. It was de­
raw peak traffic count reccrded for a man 
day. 

~~;[~~;;,~~- A man could have a day characterized 
1 planes aG<! a high maxim= peak traf fie, 

variability. In order to assess variability, we 
in .Peak traffic worKload measure as the highest 

count minus the mintmum peak traffic count for a 
day, where the.minfmum was not a missing value. This 

us an indication of fluctuation in a wan's workload. 

~~~~II~~~~~~~~~ Similarly, we defined 
•. as the maximum normalized 

the day minus the minimum normalized peak 
day, excluding missing values. Thus the range 

traffic represented the fluctuatio~ in stand-

The arJOunt of time 
seemed an t=portant 

One measure of ttme on position was de­
raaximura m.aber of consecutive observation pe.riods 

of 1') during a study ~ay that a man worked a journey­
without a break. Thus this vAriable could range 

when a man ne~r worked a journeyman position, to 
when a man worked five h<>urs straight Without a break. 

~~~~~~~~~~~~~~~· A ·second method of evalu-
:t w4s the number of times, 

total of 15 during a study day, that a ma" worked 
louz·ne~,..,n position. This variable could also ~ange fr0111 zero 

·l 
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Training Time. Gne of the questions to be answered in 
accordance with our contract was whether or not training im­
posed a particular stress upon controllers. Consequently, we 
deviaed two measures of training load. The first measure was 
the amount of time that a man spent doing live traffic train­
iag of developing controllers during thP five-hour study day. 
This num~er could rang~ from zero to fifteen, representing 
zero to three hundred minutes. 

185 

Training Work. We also assessed the amount of work acc~­
plished at the training position by using the peak traffic 

·counts of the trainee. This was done by summing the peak 
traffic reading only for those sample observations for which 
the subject ~ontroller's position was that of training. 

For both the training time and training work variables a 
aissing value was assigned if the individual never worked a 
journeyman position. If a man worked at any time on a journeyman 
position but did not have any sample observation in the train-
ing position, then the tr.aining time and training work variables 
were set to equal zero rather than ft missing value. 

Summary Worlr 1.oad Measures 

The assessed and derived components of workload required 
evaluation and organization into one or more measures represent­
ing workload for 1:he day. Our measures of worklo,!.d needed to 
account for absolute level, duration and variab1.11ty if we were 
tO demonstrate any relationship between workload and the level, 
duration and variability of physiological re•pont:es to ~torkload. 
A-; a consequence of these considerations, six mnjor. st.UUWlry 
measures were devised. 

A large numbur of preliminary·&.nalysee were conducted in 
order to reduce and combine the workload components into the six 
auaaary measures 11re.aented and discussed below. 

Paeeload. Fnceload was d•fined u the oum of 1) raw peak 
traffic r&cotded during the lS 2-minute observation periods of 
a ~~an's atudy day,. 2) III.OXimum peak traffic and 3) range in peak 
tr-affic over the utucly- day. This me:~osure included au aaaessment 
of the abaolu-.a mugnitude of workload, a ""''"'ure of the highest 
absolute magn1.tudu, and a me .. ure of v..riability. 

Table 49 displays a comparison of pacelc•a.i among the facilities 
in th~ study in tuo random aplit-ha.i.f samplu. For theoe analyoea 
the llilln-day woa the unit of observation and the entire set of 2fOC+ 
un-dayo was randomly split into two. Thia method wae used to in­
sure that any oignifS.cant reaulte were replicable. 
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TABLE 49 

Comparison of Paceload 
Among Faci 1 i ties'\' 

RANDOl! SPLIT-HALF SAHPLE #1 (N•I302) 

NYARTCC BOSARTCC BOSTON TOWER -~ 

636 340 78 164 

~ 28.73 lQ:.!i 37.26 

ll:2l 1J.7J I 2. 12 14.39 

F•214.99 df•4,1297 p " . 0001 

RANDOM SPLIT-HALF SAMPLE #2 (N•1l04) 

NYARTCC BOSARTCC BOSTON TOWER NYCIFR 

635 348 81 164 

~ 1.9ill ~ li:B 
24.58 14.0)· 11. 34 14.19 

F•187.l9 df•4. 1299 p< .0001 

SHALLER 
FACILITIES 

84 

18.58 

8.2~ 

SHALLER 
FACILITIES 

76 

22.58 

11.06 

lab le man-days ~re used, Including sixth visfts, N•2606, fm· whIch 
could be calculated. 

Otis, Providence, Bradley. 

• th~ sum of raw peak traffic rer.orded while a man was on a journ~yman 
position, maximum peak traffic and ran~e in peak tr~fflc over the 
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There was a sig&ificant difference in the paceload among 
the different facilities, the New York Air Route Traffic Con­
trol Center (NYARTCC) being certainly the busiest facility in 
the study in both sets of analyses. The New York Comman IFR 
(NYCIFR) waa the second busiest facility. The Boston Tower 
(Logan) and the Boston Air Route Tra.ffic Control Center (BOSARTCC) 
were apprl.l:.timately equal in their paceload and finally thE" 
smaller facilities were substantially below the othe< fac.ili­
ties in their average paceload. 

Although expressed in units of planes, the paceload, 
such as 58 plaues at the NYARTCC, rep~esents an index of how 
much work and how variable the work wr.1 in each of the facili­
cieR rather than an actual numb~r of aircraft controlled. 

Table 50 displays comp.·lriscns between controllers of three 
&@e g£~ and ehree experie~ groups in tWO random split-bali 
analys~s. In both ant. ~.yses there w.is a significant tendency 
for the oldest group of controllers to have a lower mean pace·· 
load. On the other hand, the difference in the mean paceload 
between three experience groups was not sienificant. The amount 
of work accomplished during study days appeared, therefore, to 
be more an age-related th£.n experience-rela":ed- phenomenon. 

Figu~e E displays the change in pa~eload over the course 
of ten chronological field studies. The vertical axis repre~ 
sents paceload; the horizontal axis represents the visit num­
bers in chronological order. The nttmbers at data point on the 
graph represent number of ren included at that point. As car. 
be seen in thls figure, paceload decreased c1er the first three 
field studies and slowly rose to aore than 60 aircraft, repre­
senting greater than 50% inc~ea~e in average paceload over the 
course of the study. 

It could be argued ~hat the change in paceload over time 
reflect<:<! dHferencu in the between-vi.ait intervals for the 
men. However, the graphing of d&ya after intake into the study 
against field visits (Figure F) showed a near-linear relation­
ship between visits and days elapsed, indicating approximately 
equ11 intervals between visits. Therefore the displayed changa 
in paceload over the course of the study repreoenta a real 
change in paceload over the ~en visits, not an artifAct of 
widely different times between field visits. 

2) Normalited Workload. The primary reasou for devising 
a normalized workload measure was to en4ble us to compare work­
load across facili,~e~ in spite of their different environments. 
lioraalized workload wu defined u the sum of normalized peak 
traffic, mAXimum normalized peak traffic •od range 1n peak traffic. 

) 
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TABLE 50 

Comparisons of Pace ..2!!5! 
Among Age and Experience Groups~·r 

Random Split-Half Sampl~ #1(N•1302) 

Ase(Years) ExeeriP.nce{Yearsl 
25-34 35-38 39-49 3-7 .lQ::1.l!. 1?-20 

441 392 469 430 493 379 
45.70 ~ ~ !.!Ul. 44.32 41.46 

2l·l0 23. n ----n-:-s2 24. 16 22.22 2l.04 
F•7. 37 df•2. 1299 p <.. 001 F•2.31, df•2,1299 p~ .10 

Random Split-Half Sample #2 (N•1304) 

Ase(Years) Experience(Years) 
li:J.!!. 12.:1?. ~ 1.:L .lQ::1.l!. 15-20 

451 404 449 460 461 383 

~ 45.00 42.67 45.92 44.59 !!kU 
25.?~ 2l.02 2~.41 24.!!2 2l.4Z 25.7Z 
F•2.82 df•2. 1301 p < .06 F•l. 49 df•2,1301 p > .20 

!able man-days Here used, Including sixth visits, N•2606
1 leh pacelo<1d cou1d be calculated. 

• the sum of raw peak traff'lc: recorded while a man w&s on a 
working position, maxim11m peak traffic: and range In peak 

over the study day. 
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Nota: 

FIGURE E 

CHANGE IN PACELOAD OVER 
TEN FIELD VISITS 

3 4 5 6 7 8 
Visit# 

9 

The number obow eoch elate point Ia oqual to the number of 
....,.clayo u- to compute the •-• '*"' loeu at eech viol~. 
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The normalized wo-rkload variable was calculated first in 11. standard 
score from (mean • 0, standard deviation a 1) and then was con­
verted to a ecale where 500 represented the mea~ normalized work­
load across all men and all visits, with a standard deviation of 
so. 

Table 51 displays a comparison of normalized worklo~d among 
facilities in two random split-half samples of over ZUOO man-days 
of observation. In both samples, as expected, there was no signi­
ficant difference between facilities; an averag~ normalized work­
load 1·l one facility was equivalent to the averag~ normalized 
workload in another faciliry. 

Table 52 displays a comparison of the normali•ed workload 
age and experience groups. Again the analysis was done as 

random split-half samples. In the first random sample there 
neither a significant difference in the noncalized '"orklcad 

bei~Eten three age groups nor between the three experience groups. 
the other hand, the second sample indicated a significant dif­

in both age and experience groups, where in both cases 
of the age range and the middle experience range 

a significantly lower normalized workload. However, sin~e 
results were not replicated in the two random s~ples, they 

be regarded as chance variation. We concluded thai.. "':here was. 
systematic evidence of either older men exceeding youhger men 
the reverse in normalized workload over their entire period of 

in the'study. 

The normalized workload acroas 10 field visits in chroaolo­
order is graphed in F1.gure G. As can be se..1n, the normali-

workload decreased over the first three visits and increa9ed 
the remaining seven visits. Although this graph is of nor­

workload, it is very similar to the pacetoad graph de­
in Figure E. The normalization procedure did not alter 

changing trend in workload over te~ consecutive field visits. 

Timeload. The variable, "timeload," was deduced from 
of pr~liminary analyses indicating that the two time 

imi>Oaten.ts of workload, maximum consecutive time Ctn position and 
time on poeition, were related more to one atiother than 

the other components of workload. Consequently,.' timeload was 
as the sum of maximum consecutive time on position and 

time on position. The resulting numbers are in units of 
•ainul:e periods, such that a timeload ot 10 jeprese~ta ten 

periods or a grand total of 200 min~tes. 
/ 

53 displays a comparison of the timeloads among the 
in the study. Both split-half samples produce~ a 

1Dlf1C~aot difference in the measured a~ the facilities. 
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TABLE 51 

Comparison of Normalized Workload 
Among Facilities* 

Random Split-Half Samples I1(N•1302) 

BOSTON 
NYARTCC BOSARTCC TOWER 

636 

49].93 

53.21 

340 

498. 14 

44.25 

78 

503.22 

50.26 

F•.95 df•4,1297 p >.50 

NYCIFR 

164 

501.58 

46.61 

SMALLER 
FACILITIES** 

84 

490.72 

38.87 

Random Split-Half Sample #2(N•1301) 

NYARTCC BOSARTCC BOSTON TOWER NYCIF~ 
SMALLER 
FACILITIES 

633 348 81 163 76 

50l·~l 1•22· 6:! 496.91 428.z6 507.82 

,i6.90 45.87 (34.84) (43.60) 46. 18) 

F•.94 df•4,1296 p,. .so 

!able man-days were used, Including sixth visits, N-2603, for 
normalized workload could be calculated. 

Otis, Providence, Bradley 

ized wo~load • the sum ef norr.dl I zed peak traffic, maximum 
ized peak traffic and range In peak traffic. 
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TABLE 52 193 

Comparison of Normalized Workload 
Among Age and Experience Gro~P5~ 

Random Split-H!'lf Sample #1(N•J302) 

Ase (Years) 

441 392 469 

500.32 495.85 498.35 

_.49"-''-"0._7 ---'4"'-8. 48 49. 8 3 

F•.86 df•2,1299 p >.50 

Experi~t1ce (Years) 

430 493 379 

496.95 498.56 499-38 

49.48 48.28 50.03 

F•. 26 df•2, 1299 p> • 50 

Random Split-Half Sample #2(N•1301) 

Age(Years) 

506.4? 

50.08 

io03 449 

498.41 500.01 

so. 34 51.59 

Experience (Years) 

458 460 383 

506.66 498.02 200.}4 

50.11 49.38 52.82 

F•).55 df•2,1298 p<.03 

mar,-d,ovs were used, IncludIng sl xth visIts, N-260), for 
could be calculated. 

workload • the sum of normalized peak traffic, maximum 
peak traffic and range in peak traffic. 
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FIGURE G 

CHANGE iN NORMALIZED WORltLOAD 
OVER TEN FIELD VISITS 

2 3 4 

Nole: 

8 

Visit# 

7 
I 
8 

TM number above aach data point Ia -• to tt.e 
nw\\ber of man-daye ueed to compute the avtMltp 
nonneiiHCI worldoed at aach >Mit. 
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TABLE 53 195 

Comearison of Timeload 
Amons Facilities* 

Random Sellt-Half Samele #I(N·1~02) 

NYARTCC BOSARTCC JOSTON TOWER NYCIFR SMALLER FAC ILl T1 ES•• 

636 340 78 164 84 

.l..U.2. .!..!..:!I .ll.:.ll ~ l..hZ1 
l· 16 H1 l-Z2 p~ n~ 
F•70. 54 df•4, 1297 p ..::.0001 

Random Se1it-Half Same1e #2(N•1l04) 

NYMTCC BOSARTCC .!!Qllill TOWER NYC I FR SMALLER FACILITIES** 

Oays 635 348 81 164 76 

.!.2.:iQ. .ll.:11l. Jl.: .. 'i! .ll:.!!§. !l:..!.l 
l.46 l·Z2 l·62 l.66 l·42 
F•49.97 df•4, 1299 p< .0001 

lable man-days were used, including sixth visits, N•2606~ for which 
could be calculated. 
Otis, Prcvidence, Bradley 
• sum of maximum consecutive time on position and the total time 

posIt ion. 
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The New York Air Route Traffic Control Center hac the highest 
114140 timeload. The Boston Tower, the New York Common IFR Room 
and the smaller facilities had appro~imately equal timeloads, 
and the Boa ton ARTCC had the lowest mean time load. 

Table 54 display~ a comyarison of the timeload among the 
eeveral age r~ experience groups. The results for the first 
random split-half sample indicated that there was a significant 

between both age and experience groups. The oldest 
and the meat ~perienced groups h•d significantly lower time­
load. However, the second random split-half sample indicated 
that this result may have been spurious since there was no signi­
ficant difference between the age or experience groups on the 
timeload va~iable. The same trend vas, however, apparent in 
the second sample: the oldest group and the most ~perienced 
sj."oup tended to have lower timeload. 

The mean timeload over 10 chronological field visits ia 
erapbed in Figure H. As with the paceload and ll0rm&l1zed vorl<­
losd variables, timeload decreased from the first to the second 
visits, but while workload continued to decrease, timeload began 
to pickup between the second and thud visits. The remainder 
of the figure shows that timeload generally tended to continue 
increasing over the remaining field studies. 

Comparison of Figure H with E and G shows that the total 
aaount of time men spent on pooition and consecutively on ~osi­
tion increased very rapidly in advance of changes in either of 
tba traffic votkload variables. Timeload vas· charActerized by 
rapid rises foll~ed by a leveling off, which would seem to au~­
seat an adapta<ion. It would seem that the men spent more time 
on poaition to copa with increW4ed traffic, but after a while, 
their time on position leveled off, perhapa i~dicating greater 
efficiency. After a while nt the s£me timeload, the traffi~ 
workload increased auffi~iently to c~us• the men to increase 
their time or position ag3in, after which it leveled off. 

4) Arad Workload. ~lyses r~~orted in two previoua studies 
cauaad ua (Hurst and ?~Jse, l978a, Hurst and Rose, 1978b) to de­
tide to calc.uleL !- ,. r:~uamary t~easurtt of workload based on the 
foraulations of Or. Arad, a physicist ~ho worked with the FAJ. 
to develop a the~~etical fr~evork for assessing what was called 
airapace eontrol load (Arad, 1963, 1964a, 1964b). The previous 
tva otudies used data from all of tne sectors involved in th• 
present health char$e study and in addition, from all of th£ radar 
rooms at major aJrports in the U.S. 110e results of those studies 
indicated that Arad a.1.rapace load ·n.a· beat eotimatt!<l by the number 
of tr41\aitionir..s; aircraft plua a V>lighted indox nppl.ied to the 
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TABLE 54 

Compa~tson of Timeioad 
~ong Age and Experience Grc~* 

Random Split-Half Sample #1(N•ll02) 

Ase (Years) 
!2:li 35··18 ~ 1:l 

441 392 469 430 

197 

Exeerience (Yearsl__ 
10-14 15··20 

49.3 379 

~ ~ ll.:.2§. ~ .!.hl2 .!l:.&i 
3-55 3-79 3.88 3-56 3.88 

F•10.34 df2,1299 p..C.OOOT F•5.56 df•2, 1299 

Random Split-Half Sample #2(N•13QiL 

25-34 35-3 39-49 

404 

.l!!.:1l 
).88 

F•2.27 df•2,130T p>.1o 

Exe;e·r i ence 
3·7 10-14 

460 461 

14.77 ll:~ 

3.88 3.68 

F•l. 51 df•2,130! 

3.82 

p..C .0.05 

(Years) 
15-20 

383 

~ 

3.96 

p> .20 

ma•t·days Were used, Including sixth visits, N•<606, for which 
be calculated. 

time on position and the total t!me 
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FIGt'RE K 

CHANGE IN TIMELOAD 
OVER TEN FIELD VISITS 
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five types of sectors. The results showed a significant rela­
tionship between our simplified Arad airspace load and his air­
apace load calculated from complete data. Consequ~ntly we 
attempted to use the simplific:d Arad workJ.oad measute in the 
health change study. 

!he weights applied to different types of sectors, how­
ever, included a -12.84 for arrival/departure sectors because 
they tended to have very simple traffic patterns with ~any air­
craft, whereas other types of sectors generally had fewer ~ir­
craft and more complex air traffic patt~Ins. ·Because of this 
fact, the regression analysis gave a negative weight to arrival/ 
departure sectors. The results of this negative wei&ht on the 
overall calculations can b~ seen in Table 55. 

Table 55 displays a comparison uf the Arad wor.kload across 
facilitie~ in two rar.dom split-half aamplec of all man-days of 
observation. Both analyses indicated a significant difference 
in the .\rad workload in the various facilities. However :he ' 
differ~~ce seems primarily related to those facilities with many 
arri~al/departure sectors compared to those without mzny arrival/ 
departure sectors. The Boston Tower, the New York Ccmmon IFR 
Room, and the smaller facilities all have a predominant uumber 
of arrival/departure sectors and their Arad workload measurements 
were Oigh negative numbers, whereat the r.enters had high positi~c 
workload measures. These results indicated that the sU.plified 
Ar£d workload computation probably would ~ot be useful in the 
present study, since it wa6 unncceptnbly biased by the weight for 
arrival/departure sectors. 

Tabla 56 displays a compa=ison of Ara~ ~orklood acroaa age 
and experience groupa in ~ random oplit-~~lf sampleo. The 
result& abow no systematic significant differencea between age 
aroupa or experience groups. In fact the pattern of resulta 
i1 not even repeated from one sample to the other. Again, these 
reaulta auggeBted that the Arad workload •ea~ure was not parti­
cularly useful becauae it varied so much from cne sample to another 
and in addition, waa highly influenced by th& proportion of 
arrival/departure aectora in facility. Therefore, we d•cided 
not to uae the Arad me.~aure in cont1tlu1Df1 aoalysea. 

5) Time Trainiag. APache" one of our s.-ary measures waa 
a derived coaponent diacuaseJ earlier. The aaount of time spent 
1o train1Dfl during a day ,. ... cotu1idar.ad both a c0111ponent of wotk­
lo&d, and a &\lllll.lry aese•.amiiiUlt of a par!;icular type of work. It 
vae used in toth waya. TaUe 57 oiiapl.ay• a comp.oriaon of time 
training acrou facilities in two raodoooa rplit-half oamplu of 
all ~daya of observation. The an&lyaea replicated one another 
alld showed that there were ·~=O:.!kUit differences in the """'unt 
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TABLE 55 

Comparison of Arad Workload 
Across Fac1iaties1t 

• 

Random Split-Half Sample #1(N•l302) 

BOSTOI> 
NYARTCC BOSARTCC ~-\-

636 340 78 

21z.~6 4l4.oe .::.!0.1.:.!!.2. 
..!.Q&~ p4.04 514.F 

F•43.52 df•4,1297 p~.uOOI 

R~ndom Split-Half Se~l~ 

NYARTCC BOSARTCC 

635 348 

239.59 

1072.68 394.59 

BOST(JN 
TOwER 

81 

-m.oz 
414. 10 

SMALLER 
!~ FAC I L_l Tl ES** 

164 94 

-10l5.16 -807.62 

~~46. z8 m-28 

#2 (N•ll04! 

NYCIFR 
SI'.ALLER 
FAC I L1 Tl E>** 

164 76 

·1uso.3z -759.o6 

3420.21 5'-'1-<.J.;..• 4.;.:1 __ _ 

F•4S. 39 df•4,1311 p < .0001 

liable man-days were ute:d, includir~g $1xth visits, '4-2606
1 

for \olhlc.h 
load could be calculated. 
Otl,, Prnvidence, Bradley 

workload • number of transitlonlng aircraft pius a weigh.e~ Index 
led to the fl ve types of SeGtors. 

• 

• 

• • 
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TABLE 56 

Comparison of Arad workload 
Across Age and Experienc~ Groups* 

Random Sellt·Half Sample #1(N•lJ02) 

201 

Aqe(Years) 
Experlen~e (Years) 

441 392 

•25.60 

2372.10 948.91 

469 

-n 36 

876.90 

F•.z6 df•2,t299 e >.so 

430 

ll:.!!.2. 
928.48 

493 379 

•113. 9S !!L21. 
22S7.68 886.91 

Random Spllt·Half Sample 12(N•l304) 

Aqe(Years) 

451 

~ 

901.09 

404 

.u& 

996.)8 

F•.l7 df•2,l30l 

449 

-18.99 

2229.86 

p,. .so 

Experience (Years) 

460 461 383 

!!.!.:Ji ·123.gz 148.83 

888.90 2280.03 9S9. 37 
F•J. 40 df•2 ,1301 p<.o4 

! 
' I 
' • 
' ' 
l 

table mon-days were used Including sixth visits, N•2606. 
Arad workload could ~e calculated. . 1. 

""'"'"'a • null'ber of trans l t lon l ng a l rcr&ft plus a weighted 
appllod to th• five types of sectors. 
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TABLE 57 

Comparison of Time Training 
Ac,·oss r'aclll tie<* 

Random Spll t-Half Sample #I (N•l)02l, 

BOSTON 
KYARTCC BOSARTCC TOllER NYCIFR 

636 3~0 78 164 

l.:.ll .62 .!.:.!1 l.:.Q! 

l:J~ 1.61 '. 8J 2." 

F•l$.54 df•4,1297 pC: .0001 

R~ndom Split-Half Sample 12(H•IJ04) 
&OS TON 

NYARTCC BOSARTCC TOiiER NYCIFR 

635 348 81 164 

I. 84 ....!t.L 1.42 I. 14 

3.30 1.31 2.00 2.46 

F•l6.98 df•4. 1299 p .c:. 0001 

SHALLER 
FACILITIES** 

84 

_,_g 

t.6J 

SHALLER 
FACILITIES** 

76 

~ 

1.70 

! 
l 

available man-days were used, Including sixth visits, N-2606, for which time I 
lnlng Gould be calculated. l 

Otis, Providence, Brodley ll 
lnlng • time spent In training developmental controllers, with the units 
from 0 to 15, representl.1g 0 minutes to 300 minutes (all 5 hours of 
lon on a study day), 
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of time spent tr•ining in the various facilities in the study. 

Men in the Boston Air Route Traffic Control Center an~ in the 
smaller facilities sp~nt a significantly leSser amount of tim~ 
train~,g than men in the other facilities. Men in the New York Air 
Route Traffic Control Center spent the most time training. 

Th~ ~nsults in Table 57 indicate that the men spent anywhere 
between 20 minutes and 2 hours training controllers on the job each 
day. Clearly~ training developmental controlle~s on the ~ob was an 
iltportant and common task for at··: traffic controllers. p~~t~cularly 
in the buAier and larger facilities. 

Table 58 displays a comparison ~f ti~e training across age and 
experience groups. The oldest and the most experienced air traffic 
controllers spent the least omount of time in training developmental 
controllers. 

These results were conaist.ent and replicable and were somewhat 
aurprising since cur expoct£tion was that older and more experienced 
controllera would be the ones p>:oviding trdning for the new develop­
IDBntals. However, our re&·..tl ts suggest ~:.at this was not true. A 
numbe= of reasons could be posited for this finding. Results pre­
sei.ted elsewhere: in this study al.ggest that training is a difficult, 
arduous and disliked "task for many controllers, and it may gre~tly 
tax the controlle='s abilities and flexibili~y. Further, senior con­
trollers may see th1~ ~~ a t41k fo~ younger controllers clu~ to th~se 
factors. Hence oldc / controllers My avoid train.!ng. However t we 
do not really know the reasoo for tl.~se findings. 

6) Work Training, The nmount of work training also wAS both 
a derived ~orkload component and a auwmary measure. We calculatod 
tho amount of work while traini~ aa the simple sum of peak traffic 
controlled by the trainee while the obaerve<l controller waa provid­
ing the training. 

Table 59 displays a co<1parison of the oili!Ount of wotk while 
training at the Vdrioua facilities in th~ study. Again the analy­
••• were accomplhhed in two raad~m split-hal£ sem~lea in or~er t~ 
toot for replicable effects. The results ohow that traineea at the 
New York Air Route Traffic Control Center handled a aignific~ntly 
larger number of aircraft than ~rainee• at the othwr facilities 1n 
the study. Tho Boston Touer and the N.., York COliiNOn IFR Room han­
dled som•what leas traffic while trainees at the Boston Air Route 
Traffic Con~rol Center and at smaller facilities handled tne feveat 
number of aircraft. 

Tabl11 60 showo the CO!Oparioon of the uount of ""rk vhile 
training acroaa the age and experieace aroupr of the obee~ed con­
trollers giving the tra~nins. There was a aignificant difference 
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Days 

I on Days 

TABLE 58 

Comparison of Time Train.ing 
Across Age <lnd Experience Groups* 

Random Split-Half Sample #l(N•1302) 

A~e !Years) 

25-3~ 22:.1§. 39-49 l:l 
441 392 469 430 

.L.iL .h§l .92 .!..:Q 
2.79 3.11 2.22 2.87 

ExeerlenceiYears! 

10-14 15-20,/ 

393 , :H9 

.!:.1l .:1!!. 
2.84 2.33 

F•8.52 df•2, 1299 P .c: .ooo~ F•6.55 df•2, 1299 p<..oo2 

Random Split-Half Sample #2(N•1304) 

AgeCycarsl Experlence(Years) 

12:1!! ~ ~ l:l .!Q:.!!!_ 15-20 

~51 40~ 4~9 46C ~61 383 

.!.:.!!2. 1.12 .!.:.Q2. .L2.Q. 1.23 .L!.Q. 

2.82 2.86 2.~1 2.83 2. 75 2.46 

/ 
' 

F•2.00 df•2 ,1301 p.C:.15 F•2.44 df•2 ,1301 p-<.10 

available man-days wera used, Including sixth 
, time training could be calculated. 

visits, N• 2606 ' for which 

training • time spent In training developmental controllers, with the 
~its ranging from 0 to 15, rbpresentin~ 0 minutes to 300 minutes (all ~hours 
of observation on a study day). 
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Number of 
Observation Days 

Mean Work 
~inri** 

S.D. 

Number of 
Observation Days 

Mean Work 
Tralnin!f** 

S.D. 

TABLE 59 

Comparison of Work .rr·atnin·a 
Across Facilities* 

Random Split-Half SamEle #1(N•1302) 

BOSTON 
NYARTCC BOSARTCC TOWER 

636 340 78 

~ .L.Z§. 2.50 . 

16.~2 ~.oz 4.02 

F•23.09 df•4,1Z97 p..£. 0001 

Random Sellt-Half Sa~le #2(N•1J04) 

BOSTON 
NYARTCC BOSARTCC TOWER 

635 348 d1 

§.dl .l..!ll Jill. 
16.13 4.0J 5.6J 

F•23.83 df•4 ,1299 p < .0001 

NYCIFR 

164 

l:.li 

z.6~ 

NYCIFR 

164 

,l,.§l 

8.28 

205 

SMALLER 
FACILITIES** 

84 

.86 

2-l~ 

SMALLER 
FACILITIES** 

76 

.!.:.l§. 

3.93 

*All available man-days were used, including sixth <islts, N-2606
1 

for which work 
training could he calculated. 

**Quonset, Otlsr Providence, Bradley. 
***Work training • sum of peak traffic controlled by the trainee while the observed 

controller was providing the training. 
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TABLE 60 

Comparison of Work Training 
Across Age arid Exerience Groups* 

Random Split-Half Sample #1(N•1302) 

A!!e (Years) Exeerience(Y~ars) 25-3~ J.2.:l! n-49 1:l. .!9.:.!!!. .!2.:1.Q. 

441 392 ~69 ~30 493 379 

5.88 ~ 1.:.!g 6.58 ~ w 
12 •. ~7 1~.91 10.07 'l·93 12.88 10.2~ 

F•8. 11 df•2, 1299 p.C: • 0006 F•S.68 df • 2, 1299 P'"' • 004 

Random Split-Half Sampl~ 12 (N•1104) 

A!!e(Years) Experience(Years) 2S-J4 J.2.:l! ~ 1:l. l0-14 15-20 

~51 ~04 ~49 460 461 383 

~ ~ ~ ).88 ~ !UZ. 
12.~4 12.60 11.48 12.62 'l-04 11. 10 
F•1.67 df•2, 1301 p<.2o F.,1.61 df •2, 1301 p< .20 

liable man-days were used, incl!ldlng sixth visits, il•2606, 
work training could be calculated. 

ing • sum of peak traffic contn.lled by the trainee while 
controller was providing the training. 
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betweeo the age and experience groups in how much traffic their 
traine ... s controlled. One of the analy&es shows that the differ­
ence was highly significant in that older and more experienced 
controllers did not have their trainees handle as many aircraft. 
The second split-half analysis showed the same general trend al­
though it was not statistically significant. Consequently, we can 
say only that there was a tendency for the trainees of older and 
more experienced controllers to handle fewer aircraft. 

The difference in the number of aircraft handled by the train­
ees of controllers in different age and exv~rience groups can be 
a.plained particularly by the fact that the older and more exper­
iP.nced controllers did not spend much time giving training. The 
number of aircraft handled by the traineee may have been a function 
of time exposure rather than of restraint by the tr.aioing controller 
in allowing the trainee to handle planes. 

Reliability and Stability of Summary Workload Measures 

The summary workload measures were all baaed on asses8Dlent:s 
of particular components of workload as previously discussed. Con­
siderable effort was expended in learning how to· assess peak traf­
fic, trans1tionin8; planes, weatt-.er, and so on. ~efore we began the 
field studies, we held a large number of training aess!ons with the 
medical technicians who were to cake the observations in the field. 
We co~ducted a final series of 99 observations with 4 medical tech­
nicians and the sen.ior .i.nvestigators of this- study. The ..intraclass 
reliability coefficients ranged froa .93 to .99 for the assessments 
of r·~~ traffic. traneitioning traffic, proposals. percent of wea­
ther or military blockage, ae~.tor classifications and position 
classifications. Consequently we can be reasonably aure that the 
components from which the SUIIIII&ry -•urea were derived were reli­
ably assessed. 

Aa medical technicians joined or dropped frog the study teaa, 
new teclt..iciiUUI were trained to the sama standards. No one vas 
allowed to make formal field asseamaents until ha had a de.onatra­
ted reliability of over • 9 with tha continuin& teclm!cians and in 
particull!r with the chief medical technit'.ian. Typically this t.-ain­
ing took approximately a mouth since a new technician had to beco•e 
familiar vith tha termiaology and the reading of tha rad#r equip­
ment to make the asaesaaenta correctly. 

The sUI'RII&ry workload aeaaures th...,.el ves were baaed not only 
on the directly assessed .:oaponents of workload such as the obaerved 
peak traffic but also on derived components such aa mazt.um paak 
traffic, calculated by computer and therefore antirely accurate. 
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Another quP.stion of some concern was the stability of workload. 
We ver~ interested in whether or not the amount of work performed 

consistent over time for individuals. 

Table 61 displays the correlatlons between paceload, normalized 
workload, timeload, time training and work training over the fit •• 
three visits. Paceload and time load ••ere significantly related from 
visit to visit for individuals. Time training and work training 
were. only marginally stable between the first two visits. Finally, 
normalized workload was not significkntly correlated from visit to 
visit. 

Considering the differences presented earli~r between facili­
ties in paceload and timeload, and the inconsistency of normalized 
workload from visit to visit, we concluded that the relative con­
stancy of the paceload and timeload measures from viait t<> visit waa 
prima~ily the result of the constancy of traffic conditions and time 
required to handle the traffic in the various facilitieo Tiae corre­
lational cesults shown in Tabl• 61 rP.flected the co.,.t&ncf o£ en­
viroa:nental conditons rather than the constancy of workload for in­
dividuals. Once we took into account the syateoatic differenc_. 
between facilities in peale traffic and the amount of time worked, 
there was no association of workload from visit to visit (e.g., 
using normalized worltload). . However, some ind:lviduala """e non!!­
theless relatively consistent. 

To obtain the beat and most stable measure of workload per­
formed by individuals, we devised variables which represented the 
average workload acrosa all of the field studies. of a givl!ll indi­
vidual. These variables gave the beat estimate of the average 
amount of work perfo =med by an individual I!Ven though the work per­
formed O!l tiven days varied considerably. ln later sections of 
this report, the reader will occasionally oote variables called ~ 
age p1.ceload, averase normalized worklo-ad_; ,!Verge tilltf!load, and so 
forth. "l."heae average measures of RtmmUJ.rv workload refer to thE: aver­
age across all field studies for gi~en indiViduals. tu other sec­
tiona of the report, the noution DLtght be nor114lbed workload visit 
1, visit 2, vilit 3 and ao forth. In thua cases the wrkload aea­
•~•• specifically refer to a ~iven observation day and not to the 
entirll serieB of field studies. 

R~lati~nship Betvetn Workload Variables 

Table 62 clfaplay# the correlatiot~ between the sumaary workload 
aeaaures at the fit:st and sec.ood fia:ld studies for blood pr•••ure. 
The results were: esaentially the &&!lie for both viaita and hence the 
rolationah:tpa were highly r..liabla. 

Nom~Uzcd workload vaa significa4t1y related to p•celo&d and 
work traini!ag. It """' not significantly related to tial\load or tiae 
training. lienCti uormalized workl<Nld vas aoat elearly related r ,· the 
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Summary 
Worklcad Keasure 

Pace load 1 

Horrna II zed 
2 Workload 

Time load 3 

Tl11101 Tralnlng4 

Work Training 5 

• p< .05, 2-talled 
•• p< .01, 2-tai led 

**• p< .001, 2-talled 

1 
H • 278 - 329 

2 N • 280 - 331 

3N•280-331 

4 H • 238 -340 

S N • 288-340 

TA!ILE 61 

Stability of Summary Workload 
A,ros~ The First Three 

Fi~ld Studies 

Correlations 

First Study Second Study First Study 
WIth Second With Third '41th Thl rd 

.49H -50*** .49**" 

• I 0 .10 .oa 
• 27*** .26*** .24••~ 

• 12 .... .09 .08 

.21** .II .03 
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TABU 62 
Correlations between 

summ.r~ Workload Measures 

First VIsIt 1 ~~oom 

(I ) (2} (3) (4) (5) ;II 1.00 
' 

.51••• 1.00 

n .. toad -.Oit .52*** 1.00 

Tl .. Training .oo .20** .24** 1.00 

.12* .)2*** .20** .,z••~ 1.00 

\ 
\ 
\ 

) 
;{:·,-., 

.l Second Vlslt 1 11-lJS ! II· (I) (2) (3) (~} (5) ! i,j 
(I) Normalized Workload 1.00 l 

.60** 1.00 I , ... , 
l 

.os .s9••• l 
1.00 i 

.os .21** .22** 1.00 

(S) 1/ork Training .26** .44•• .2o•• .alt••• I. OJ 
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i I 
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aiaount of wcrk perfonned and not to the amount of time a man had been 
oitting at a posl.tiou. 

On the other hand, pac.eload, whic!'. was baaed on raw peak traf­
fic measures, was significantly related to every oth~r measure of 
workload. The strongest correlation was with norraalized workload, 
but it was as strongly correlated with timelokd. Hence, paceload 
had tvo major dimensions. the •ount of wo·ck as well as the 8110unt 
of time being worked. iaceload .U.so was related to time spent 
training and work training, both of which •:Juld be CDIIlponents of 
paceload on days that a man, \n fact, did training. 

Timeload was significantly related to ?aceload, time training 
and work training, but not to normalized workload. It was most 
highly related to pac<load and had a low magnituda correlation with 
time training and work training. 

Wo~k training and time training were very highly correlated 
with one another but they were only slightly r2lated to other mea­
sures of workload. 

These correlational results indicated that the workload me.e.­
eures were 'i:.elated to one another • but they were not so highly t: e·· 
lated tha~ any one could be used as the sole me.asure oi worirload. 
Rather, each of the9e summary measures represented some ~nique 
dimension of overall workload. Consequently, throughout the re­
mainder ot this report, these summary worklo&i measures will be 
evaluated ,._, aeyarata 1nd.ice, of the amount of work a man performed. 

As noted e•.rli~r, for aome rurposes in this !',.•·d~, -we have 
uaed the average no~l1zed ·~rkloaJ, the average pace load and the 
average timeload for men over as many as 10 or as few sa 3 field 
•:i•ita. Thue a·,•erage &Ul7111.1'1ry workload measures provided relatively 
ats.ble ind:l:cea f..;f .-.ow ~m.~ch work 4 man did on the ave:..·age. Other 
analyses used the normalized workload, paceload and tireload for a 
given field v:lait with Jef1ned characteristicu. In these instances~ 
tho actnl value for the particular field viait was used. 
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SUMMARY 

Psychologic~! and Behavioral Measures at Work 

To ascertain whether or not moods of the ATCs at the beginning of 
a work day we1·e related to, Oi'UiOcUfied, work performance, behav­
ioral or physiological response, a highly reliable instrument for 
mood assessment, th-. Profile of Mood States (POMS), was adminis­
tered. Comparisons of ATC scores with male college student norms 
revealed that the ATCs started their •.rork days with about As much · 
positive mood state as the students, and with far leas negative 
mood state. No differences in mood levels between facilities, age 
or experience groups were noted, exc1ept that more experienced· men 
felt more friendliness than less experienced men. No significant 
linear correlations were obtained between any of eight moods and 
five workload measures. 

To ascertain possible relationships betweeu behavtoral arousal 
while working, workload, and mood states, be~vior was assessed 
at work by use of a tiehavioral Rating Scale deviRed for the purpose. 
Moat of the ATC behavior on the job was found to be in the l~J 
moderate range of activity atld arousal. Total beha.vioral arousal 
was highly related to timeload and paceload, and very weakly re­
lated to normalized workload, time training and work training.· 
Range of behavior was not related to work perfo~ed. Behavicr 
during the work day was very littl« affected by mood states at the 
beginning of the day. 

ro ascertain the influence of pe:rceptiona of difficulty or ease of 
a work day on other responses, the ATCs wer~ asked to fill out a 
17-itom Subjective Diffic~lty Q~estionnaire after work on the daye 
that their behavioral and physiological reaponsaa were studied and 
their worklcad waa assessed. Only two facets of th~ work day were 
conaidered above average in difficulty: giving on-the-job training 
and participat~ in the field •tudy itself. 

Baaed on the first three field studies, /0%-75% of the ATCs con­
oidered the day they were studied to be a•!er&t~e, and 8%-ll% above 
average, in difficulty. PerceptL>n or ditficulty waa moderately 
related to objective measures of work acc~~plisM>ent. 

An additional predictor var1D.ble was created: psycholo3ical rea­
ponae to work, which was the difference bet••een perceived diffi­
culty and expected difficultieo baaed on workload aso~••=~nt. 

A mood of friendlinefts before work wa~ related t~ a perception of 
leoa diffl,ulty over the day. No over moods were found to be re­
lated to perceptions of difficulty o~ the work. 
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Total behavioral arousal at work was related to perceived overall 
difficulty at work. The predictive utility of these measures is 
reported in Section V. 
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8. Psychological and eehavioral Measures at Work 

In addition to the objective measures of work,. we were inter­
i~ certain psychological and behavioral measures. We wanted 

investigate whether au A':C's mood at the beginning of the day, 
behavior durL~g the day, or subjective responsP. to the day ~as 

to, or modified, his propensity for Fhysiological response, 
at work or in terms of illness over the course of the study. 

we included 1n cur field studies self-reports of moods 
difficulty as vell as assessments of behavior on the job by 

A large n~er of methods and instr~ents for mood assessment 
available .tn the psychological literature. One d the beLt 

;~~~~~~~::e~ and mo9t reli~ble instruments for this purpoa~ waa the 
!I of ~ood States (POMS). The POMS was origindlly devi•ed to 
assess six IDOod states: tension/ anxiety; anger /hostility; fatigue; 
~epression; vigor ~nd c~nfusion (McNair, Lorr, and Dropplenan, 1971). 
These six mood scales were devised on the basis of many studies of 

. patients, college students and other adults in natural as well as in 
~periMental settings. In all of these settings, and with these 
various subjects, it wab found that these six mood scales were con­
s.tstentl}' and significantly relate·'. to other measures· of the same 
moods as well as to mood states c.aused by experillito"tttal pr.:J..:edurea 
using psychotropic medication, stressful films and stressful events. 
I~ addition, these scales were repeatedly created in factor an~lyses 
of the items CO:lJ>ris1ng the POMS. 

At the begintling of the field studies wo were advised by ~he 
ae>1ior author of the Pf:'MS (Dr. McNair) that two new scaleo "ere be­
ing used with it. These new scales assessed moods of friendliness 
and elation. They were experiments.!. scales, but the author thought 
that they might prove to be valuable; Therefore the P<!IS as used 
in thb study included eight scales, the o~igirutl six &nd the two 
new exverimental or.e$, comprising a total of 78 items. A subject 
ind.tcated how he. felt with respect to each it.., at the time of admin­
istration, according to a scale running from 0 (not at all) to 4 
(extremely). The items were descriptive adjectives such aa friendly, 
tenme, hAppy, angry, worn-out, and so on. 

In the field studies, the controller to be otud1~d for a day 
wu randomly selected by a med!cal technician. After agreeing to ~e 
studied, the controller immediately completed the POHS. In this way 
we sought to control for possible modifying effects of the eight 
moods on a man(£~ physiological restJonsea, vorkload or subjective 
responses to tha day. 
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Table 63 lists the names of the ei.ghc mood scales and the reli­
ability figures reported by the original al\thors as well as the test­
retest reliability ever a nine-month period of. time for controllers 
in this study. The table shows that the internal consistency of the 
scaleft is quite high, indicating accuracy of assessment. In addition 
the tab.!.e shows that the moodJ were variable over time, as one woulrl 
expect for state va•iables, with the stability coefficients ranging 
from .38 to .61 over 9 months. This is exactly the range one expects 
fot state measures. Thus, we were c~nfident that the POMs wa~ appro­
priately assessing mood states. 

The POMS sc~les could have been scored according to norms estab­
lished for psychiatric inpatients and outpatients or college students. 
We selected the norms of male college students (N•340) because they 
would be more similar to our non-patient group of air traffic concr·ol­
lers tl~n would samples of psychiatric patients ev~~ though the college 
students would be approximately sixteen years younger on the average. 

To score the POMS we Jsed T qcores with a mean of 50 and a stan­
dard deviation of 10. Thus a score of 50 would correspond to the 
average of t~ male college students on a given scsle. A score of 
leas than 40 would be obtained by less than 17% of the college males, 
and a score of greater than 60 would be obtained by less thar. 17% of 
the college males. The average range fer T-scores is 40 to-60. Thus 
t:he descriptive resUlts that follow are in comparison to -:ollege 
student males using T-scores. 

Table 64 displays the descriptive results for r.he friendliness 
and teilsion/anxiety scale• of the POHs on the first three field 
studies. The results for friendliness indicated a strong similarity 
to the proportion of college males who would score low. averag~, and 
very high. This s1m!larity was also reflected in the overall mean 
which w~~ quite close to the expected value of 50. These results 
were replicated across the first three field studies. 

The same table shOWs that more than 80% of the ATCs experienced 
very low tension/anxiety at the beginning of the day. Approximately 
15% to 18% experienced tenoion/anxiety, 1n the average range, Very 
few (less than "%) P-Xperienced tenaion/ anxiety 1n the very high 
range, The overall mean on each of the ft•ld study days waa subotsn­
tially belou the r~rmative average of SO. 

Table 65 displays the POMS results for the elation and anger/ 
hostility arales. Approximately the same proportion of controllers 
experienced an elated mood aa of normative college students. On the 
other ~and the controllers experienced less anger and ~oatility than 
colleg~ atud~nta, Very few were very angry at the beg~nning of any 
of the first three field otudy days. Agaic the results wero very 
consist~nt acrose th~ three etudiee. 
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TABLE 63 
Prof lie of Hood States(POHS) 

Mood Names 1 Internal Conslstenc~ 1 and Stablll t~ 

I 1 
9 month2 Internal 6•week 

Conslstene:t Stablllt:t Stab Ill t'£ 

N/A* N/A .61 

.92 .51 .41 

N/A N/A .56 

·92 ·53 .40 

.g4 .45 .)8 

·95 .49 .47 

.89 .4) ·57 

.87 .52 • ~5 

These Were new experimental scales. 

r, lorr, and Dropplemon (1971) 

•lr traffic controllers 
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TABLE 64 

Descriptive Statistics 
and 

Distribution of~n Exeerlencins 
Friendliness at the First Three Field Studies 

accord1ng to the Profl le of Mood States 

First Second Third 

217 

Field Studl Field Studl Field Studz 23.1% 23.4% 21.8% 65.]% 
11.2% 

385 
47.54 
It. 01 

67.8 
8.8% 

364 
46.64 
10.97 

65.1% 
13. 1% 

344 
47.28 
10.81 

Des<:'rlptlve Statistics and Olstrlbution 
of Men Exeerie~~inq Tension/Anxiety 
at the F1rst Three Field Studies 

according tc;_1b!:Profl le of Mood States 

First 
Field St~ 
"§"i:n-
18.4% 

-5% 

305 
3).88 
6. 77 

Second 
Field Studl 
3t.4% 
18.3% 

.)% 

366 
34.30 
6.59 

Third 
Field Studl 
83.9% 
15.8% 

-3% 

347 
33-69 
6.01 
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TABLE 65 

Descriptive Statistics 
and 

Distribution ofMe'n Experiencinq 
~1at1~· the First 'Three Field Studies 
according co ere Profile of Hood States 

First Second Third Field Studl Field Studl Field 

18.2% 19.4% 15.9% 68.8% 70.8% 69.7% 13.0% 9.8% 14.4% 

384 366 347 48.49 48.03 49.36 10.64 10.60 10.78 

Descriptive St~tlstlcs ar.d Distribution 
of Hen Experiencing Anger 

at the First Three Field Studies· 
according to the Profile of Mood States 

First 
Field 

55.6% 
41.8% 
2.6% 

385 
41. 18 
6.85 

Studl 
Second 
Field Study 

57.4% 
49.9% 
2. 7% 

36~ 
4'. 45 

Third 
Field ·-
54.4% 
42.]% 
2.9% 

344 
41.51 
/.02 

Studl 

Study 
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Table 66 qisplays the results for the POMS fatigue and depres­
sion scales. More than half of the men experienced very little 
fatigue at the beginning of the field. study day. Approximately 40% 
scored in the average range, and less than 4% felt extremely fatigued 
at the beginning of the study days. Similarly 65% or more of the 
controllers experienced very little depressive mood at the beginuing 
of tha study day. Approximately 30% scured in the avexage ~ange, And 
less than 3% had a depressed mood in the very high rangP.. Again 
these results were consistent across the first three field studie3. 

Finally, Table 67 displays the results for the POMS vigor and 
confusion scales The controllers ~tched the co~lege student norms 
rather closely with respe~t to vigorous mood, but scored very dif­
ferently from the s~udent no~ on the conclusion scale. Ninety-five 
percent or more of the controllers scored in the very low range on 
the confusion scale. Five percent or mare scored in the average 
range and no one scored. in the very high range on the confusion 
scale. 

These very consistent results showed that controllers beginning 
a work day felt reasonably good about themselves. ·Generally, they 
experienced an average amount of friendliness, elation .~d vigor. 
They erperienced very little tension/anxiety, depression or confu­
sion. A moderate number experienced average levels of anger and 
fatigue at the beginning of their work days. Hence, io general we 
can say that our field studies of physiological response to work 
were not confounGed by extremely bad moods or extremely good moods, 
and further that the great majori:y of men began their work days in 
a clear state of mind without major affective rtates. 

As one might expect vith a state measure of mood there was some 
variability over the course of ten field studies in terms of the 
a~erage level of the eight moods, Ftgure& I-P diRplay the changes 
in moods over th~ first ten field studies. They show, on the aver­
age, that controllers stayed within the average range for feelings 
of elation, friendliness, vigor, depression end anger. Although 
there vare marked increases and decrease~ t: these feelings over 
time, they stayed within the 4G-6V average range. On th~ other hand, 
the controllers experienced less tha·.l average tension/s.nx.iety, fa­
tigue, and confusion over the entire course of the first ten field 
studies. 'these longitudinal results include variations in mooa as 
a consequence of different controllers being studied at different 
timea and of different work conditions over the ~en fiel~ studies. 
By reference to Figures E-H 1n the pr~ious sectiou on Wockload, it 
ean be seen that there was no con:::urrent association of the contr.ol­
lera' moods and work,load. That ia, none of the mood variables showed 
the characteristic decre&3e over the fir.st three visits and subsequent 

· over the next a~ven vis1.ts that the workload measures showed. 
" ' ' 
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TABLE 66 

Descriptive Statistics 
and 

Distribution of~n Experiencing 
Fati ·ue at the First Three Field Studie!'. 
according to the Pro ile of Hood Stat~ 

First 
Field 

53.9% 
42.7% 
).~% 

386 
39-78 
7.69 

Stud:z: 
Second 
Fie}d 

56.0% 
40.7% 
J.J% 

366 
39.65 
7.76 

St~ 
Third 
Field 

56.5% 
41.5% 
2.0% 

347 
39-32 
7· 18 

Descriptive Statistics and Distribution 
of Men Experiencing-Depression 

at tne ~!rst Three Field Studies 
according to the Profile of ~d States 

First Secc;,nd Third Field Stud:z: Field St"'!}: F"!eld 

71.7% 65.8% 66.0% 27.8% 31.8% 32.6% ·5% 2.4% 1.4% 

385 366 347 40.18 40.48 40.57 4.38 5.o6 5.o8 

Stud:z: 

Stud:z: 
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TAJILE 67 

Descriptive Statistics 
and 

Distribution of~n Experiencing 
vt~~r at the First Three field Studies 
~Qrding to the Profi •~ of Hood States 

First 
Field Study 

15-5 
60.4~ 
24. I% 

J86 
51.33 
10.57 

Seco~d 
Field Study 

15.9% 
65.1% 
19.0% 

364 
50.08 
10.37 

Descriptive Statistics and Distribution 
of ~en Experiencing 

221 

Third 
Feild Study 

Confusion at the First Three Field Stujies 
according to the Profile of Mood States 

Fl rst 
Field Study 

97-7% 
2-3% 
0.0% 

386 
28.32 
4.6D 

Second 
Field Study 

94.8% 
5.2% 
0.0% 

364 
28.50 
5.12 

Third 
Field Study 

96.2% 
3.8% 
O.C% 

) 
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FIGURE I 

PROFILE OF MOOD STATES: FRIENDLINESS 
OVER 10 FIELD STUDIES 
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FIGURE J 

OF MOOD STATES: TENSION/ ANXIETY 
OVER 10 FIELD STUDIES 
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FIGURE K 

PROFILE OF MOOD STATES: ELATION 
OVER 10 FIELD STUDIES 
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FlrTJRE L 

PROFILE OF MOOD STATES: ANGER 
OVER 10 FIELD STUDIES 
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FIGURE M 

PROFILE OF MOOD STATES: FATIGUE 
OVER 10 FIELD STUDIES 
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FIC.URE N 

PROFILE OF MOOD STATES: DEPRESSION 
OVER 10 FIELD STUDIES 
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FIGURE 0 

PROFILE OF MOOD STATES: VIGOR 
OVER 10 FIELD STUDIES 
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FlGUitE P 

PROFILE OF MOOD STATES: CONFUSION 
OVER 10 FIELD STUDIES 
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We also examined wheth~r moods were different between facilities, 
age groups or experience groups~ There was no consistent association 
between any of the moods and the facility within which a man worked, 
his age or his experience. There was a greater tendency for more 
experienced controllP.rs to be in a friendly mood than less expe.rienced 
controll~rs. This w.•s the only mood as•ociated with any of these group­
ings. 

Table 68 displays the correlations between the eight moods and 
the five sum=ary workload measures at each of the three first field 
studies. The table shows that there was very little, if any, signifi­
cant association be~een any of the eight moods and the five summary 
workload measures. There were only five significant correlations in 
this entire set vf results, about as many as one would expect to be 
lienificant at the .OS level among 120 correlations. Consequently we 
feel confident in concluding that the men's moods at the beginning of 

: a study day had no effeot on the amount of workload they subsequently 
performed. Results of studies on the relationship between moods at 
work and physiological, behavioral, snd psychological responses to 
work are presented in later sections of the report. 

In summary, by a highly reliable method of mood assessment, we 
determined chat the controllers experienced very little negative af­
fect at the beginning of the work days, and an averdge amount of 
positl.ve affect at the beginning of their work days. Our results 
indicated that there were no differences between facilities, age· 
groups or expe~ience groups 1n the average levels of .the eight =oods, 
with the single except.ion that ~=e experienced men tended to report 
more friendliness at the beginning of a work day. Finally, out re­
aulta indicated that there '#as no significant linear c:orr.o:\lation 
between any of the moods and a~r five summary workload measures. 

Behavior at Work 

Our mood asaeaameDts at the besinning of the day were made as 
a prelude to assess=ents and meaaurementa during the day of a con­
troller's workload, behavioral reaponsivity, and physiological re­
epon!livit!'• In ord~:""r to asse.sa behavioral responsivity, however, 
ve had to devise ao appropriate scale of values to aacign to obser­
vable behavioral ~eopons2. We needed to develop s otraigh:-forward 
inatrument which (l) could be uaed essily by psychologically unso­
phisticated obaervero, (2) had a high level of face VGlidity, (3) 
would be construct-valid in ita relationship to physiological and 
psychological ~eaaures, (4) could be very reliable among multiple 
observers, and (5) would combine appropriate observable physiologi­
cal responses with manifest behavior to indicate arousal. 

An intense observation strategy w«s employed to provide a baais 
for asseooing ATC behavior. Initially, a aerie• of vioito· were uaed 

!i 
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TABLE 68 

Correlations between Eight Moods 
and Five Su~rx Workload 

Measures at the First Three Field VLt!J.! ~ 

Norma"' 
Summar~ Workload Measure 

I ized Time llork Workload Pace load Time load Train in~ Traini~s 
Visit 1• .04 -.01 .0) -.01 .oo VI sl t 2** -.os -.07 .01 -.oa -.07 Visit 3** -.04 -. 10 -.os -.02 -.OJ • • 
VIsit I . 09 .os .oo -.os -.02 
VisIt 2 .()Q .oa .oa .05 04 VIsit 3 .OJ .06 • 10 -.02 -.04 

VIsit 1 .07 .oa .07 -.0) -.02 VIsit 2 -.04 -.OJ .OJ -.0) -.04 VIsIt 3 .oo ~ -. 14 -.09 -.09 

VIsit 1 -.o6 -.07 -.04 -.04 -.0) VIsit 2 .OJ .06 .06 -.07 -.06 VIsit 3 .06 .06 .06 .04 .01 

VIsit 1 .04 .04 -.02 -.o4 -.01 
Visit 2 -.os -.01 -.02 -.ot -.01 VIsit 3 -.04 . 01 .os .08 .06 

VIsit 1 -.02 -. 10 .:..:..!1. -.04 .02 VIsit 2 .ot -:co .0) -.Q) -.02 Visit 3 -.ot .os • to .OJ -.02 

' VIsit t .as .Of .02 .02 .02 ' I. Visit 2 -. 01 -.02 .07 -.06 -.oa VIsit 3 .oa -.07 ~ -.os -.os 

VIsit 1 .QJ .02 -.os -.os -.01 VIsit 2 -.02 -.0) -.OJ .oo .01 VIsit 3 -.oJ -.01 .04 .oo -.0) 

VIsit 1,N • 376 
. VIsit 2, H • J52 

VIsIt ), N • )36 

I ned va I ues are significant at p <.os. 
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to allow the invest!gators to become f~iliar with the types of be­
havior to be seen on the job. A checklist of behaviors was then 
devised. The checklist used a three-point rating scale correspond­
ing to low, moderate, and high behavioral arousal. 

This initial behavioral scale was very easy to use and extremely 
reliable. However, we observed that the range of values and the com­
plexity and meaning of sp~cific behaviors was restri~ted. Therefore 
a new five-point scale was devised anq field-tested by our medical 
technicians and the senior investigators of the ~tudy. 

The five-point scale was tested in a total of 45 visits to air 
~oute traffic control cen

1
ters. Approximately 200 controllers were 

Observed working in light, mode_rate, and heavy air traffic conditions. 
The i~vestigators observed any given controller for a half hour to 
three hours to provide adequate samples of behavior. The obseL~e~s 
were provided with observation ~c~les with spaces for recording addi­
tional behaviors not captured by the five-point scale definitions. 
Multiple discussions and feedback sessions yielded a seven-point 
scale embodied multiple dimensions of behavior and observable phys~o­
logical responses. 

The seven-point scale was tested in a three-day period at the 
New York Air Traffic Control Center with four medical technici~s, 
two psychologists and a psychiatrist makin~- concurrent observations. 
These concurrent observations permitted the evaluation of rP.l~abi­
lity. "!'he final outcome of all of these preliminary StJldies w.u~ the 
ATCS Behavioral Rating Scale (BRS) displayed in Table 69. 

A total of eight dimensions defined the interrelationship of 
the behavioral descriptors for each level of behavior. These eight 
dimensions vere appearance, conversational ori~ntation, attention, 
physical movement. joking/swearing., voice modulatic..n, receiving as­
sistance and coping with har.d-off and pilot requests. Table 70 dis­
plays these dimensions with the deocriptoru for the highest and 
lowest levels of behavior for which they were associated. 

To arrive at a global rating of behavior. an observer compared 
an ATC's behavior in a tw~-minute observation period with the des­
criptors for ar.y given bahav.ior level. At l~aot one-half of the five 
to eight descriptors for e&ch level had to be observed and the h.igh­
eat level satisfying this criterion was the overall behavioral rating 
assigned. 

During our final checkout of the BRS, ~ultiple observers made 
their ratings concurrently. The Pearson product-mom~tt correlation 
co~fficient of reliability bQtween observers' ratings rangP.d from 
.85 to .9ft over 69 obqervationo of air traffic controllers. The co­
efficient of reliability for all combinations of ratacs uver 99 obaer-
vationa waa • 91. ~ ... 
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TABLE 69 
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ATCs Behavior Rating Scale 

least ha•r of the behavioral descriptors in each set must be appropriate 
th~ two-minute observation period prior to the physiological samplin9 
concurrent wi:h the tabulation of other environmental events (e.g., 
traffic count, transitions, etc.). If in doubt between two or more 

~''"liS, please sel~ct the maKimum applicable. 

1 : 

Looks relaxed or bored or makes a comment to that effect. 
Jokes around a lot. 
Host, Jf not all, conversation is social in nature. 
Scans radar. strips, and/or airfield rarely. 
Physical movement4 are loose, spa:lally unrestricted, and usually 
unrelated to position activities. 

look! relaxed and at ea•e, other than occasional fidgeting ur looking 
around. 
Jokes around considerably. 
Huch, but not most, conversation is social fn nature. 
S~a~s radar, strips, and/or airfield occasionally. 
Physical move~~nts are relaxed, spatially somewhat restricted~ and 
usually restricted to position activities. 

looks comfcrtable when Involved In tasks. 
Hay joke around occasionally. 
Conversation i• mostly task-related; little social conversation. 
Scans radar, strips, and/or airfield regularly. 
~hyolcai movement; are mostly restricted to position-related activities 
(e.g., moving 11shrfmpboats," marking strips, etc.). 
Engages In no task-related swearing. 

Conv~rsatlon, If any, Is generally restricted to controlling traffic; 
rarely initiates so~lal conversation. 
Generally quiet and concentrating wh~n not engaged In task-related 
commun Teat Ions. 
Physical movements are totally restricted to position-related activities. 
Voice Is even or ~aim. 
Rarely or never jok~• or swear•. 

Exhibits signs of mild adverse physical arousal (su~h as muscular 
tenseness and ml ld peropl ration). 
Responds to little sodal.ebnversatlon. 
Generally busy and concentrating with few quiet periods. 
Physical movements are totally restricted to position-related 
activities and are somewhat constricted (I.e., quickened). 
Voice Is stronger, more variable, and/or more clipped than norm11. 
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TABLE 69 cont'd. 

momentarily overrides trainee. 
in occasional relatively quiet, task related swearing. 

doing partner's job despite being busy himself. 

ibits quite obvious, but contr~lled, signs of adverse physical 
1 (such as tense mover:lents, punching or otherwise striking at 

'or radar scope, sudden emotional gestures, etc.). 
very infrequently to svcial conversation. 

refuses to accept additional traffic and/or refutes special 
requests. 

ical n~vements are totally restricted to position-related ac­
ties and are considerably c~nstricted (i.e., 1urried and abrupt). 

ce is much stronger. much mooe variaiJie, and/o:· much rr.ore clipped 
usual but sti II restrained. 

tional staff appear on scene to observe or assist and/or trainer 
from traineee. 

in considerable, easily audible, task-related swearing. 

ibits sign·:i of extrerr.e adverse physical discomfor·t (such as 
ing, becoming flushed, tremulous, etc.). 

absolutely no social conversation whatsoete.1·, even when 

to accept additional aircraft and/or refuses even normally 
le pilot request~. 
in obvious, agitated physical behaVior (such as slamming fist, 
penci I, strip, or shrimpboat, etc.). 
loud and extremely variable. 
additional help or relief and/or additional H~~ff appear on 

to assist and/or trainer takes over comp;etely from trainee. 
i~ loud and vehement task-Inspired swearing (at aircraft, at 

ATC or supervisor, or at other pcrson(s). 

.. 

I 



Overt Appearance 

TABLE 70 
Di-mensions of Behavior 

being Rated at 
Highest and lowest Lev~ls 

•· Level 1 - bored and relaxed 
b. Level 7 ~ extreme adverse physical arousal 

Conversational orientation 
a. Level 1 -almost all social 
b. Level 7- all task orie~ted, refuses social 

Attention 
a. Level 1 - rarely looks at radar, strips, or airfield 
b. Level 7 - completely attending to radar or airfield 

Phy>lcal movements 
a. Level 1 - l~se, unrelated to job 
b. Level 7- agitated, aggressive behavior 

Jok i ng/Swca r i nq 
•· Level 1 .. jokes around a lot 
b. Level 7 - job related swearing loud and vehement· 

Voice quality 
a. L~vel 1 - calm and even 
b. Level 7 - loud, explosive, unrest.rained 

Receiving assistance 
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a. Level I - lets others do their jobs without paying attention to them 
b. Level 7 - requests extra help and assi~tance 

Coping with hand-offs and pilot requests 
a. Level 1 -handles hand·offs and pi lot requests-without delay or 

strain 
b. Level 7- refuses hand-offs, refuses pi lot requests even when reasonable 

i 

I 
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Finally, the psychologists snd psychiatrist compared their rat­
ings with the medical technicians. Since the psychologista and the 

• 

psychiatrist had extensive training in ·the observation and evaluation Jo: 

of behavior, while the medical technicians' training was primarily 
tPat involved with the development of the behavioral rating scale, 
their different verspectives might hav~ yielded substantially similar 
or substantially different behavior ra~ings. However, in a specinl 
trial covering 69 observations of controllers, the concurrent valid-
ity coefficient was .80 between the prof~ssionals and the medical 
technicians. 

Thus we felt that the BRS was a reliable and valid assessment of 
air traffic controller behavior on the job. The very high levels of 
interrater reliability suggested that measurement error and different 
perspectives would account for only a very mi~tor proportion of the: 
differences in be:1avior ratings. 

Table 71 shows the behavioral ratings ranged from 1 to 7 where 
1 represented a completely relaxed, non-aroused condition, and 7, an 
extreme fotm of behavior with verbal and overt physiological arousal. 
We combined all of the observations made over the ten field studies 
to examine the distribution of behavior ratings in total. Table 71 
displays this distribution of 25,568 be:1avioral ratings. Sixty-seven 
behavioral ratings were omitted in error, and 13,755 were not made 
because men were not on u working journeyman position. The results 
shown in Table 71 indicetP. that almost 12% of the observed behavior 
was at the minimum level. Only ~o observations, of 25,000, were 
rated at the most aroused level of behavior. Most air traffic con­
troller behavior on the job was found to be in the moderate behavior 
ran~e from 2 to 4 as defined by the BRS, suggesting low levels of 
arousal, concentration on the task of separating planes, but also a 
moderate amount of non-task activities. 

Two summary measures of behavior were devised for indexing the 
total behavioral arousal of a man duing a study day. One s.-ary 
measure was the simple total of the behavioral ratings for a .. day -
the grand total amount of behavioral arousal while working. The 
second summary measure was the range in behavior; that is, the maxi­
mum behavior rat~ng minus the minim~ behavior rating for the day. 

In order to give a clearer picture of thQ meaning of the total 
be:,avior for the day, Table 72 displays a distribution of the average 
behavior acros& the f1rst three fiel~ studies. Average ~ehavior vaa 
defined as the total b.<havior rating divided by the number of times 
a man w~a observed dur1ng the day. These average behavior ratings 
were grouped into four descriptors. 

It is l.lrmediatdy ·apparent fr= the table that no controller had 
a sustained behavior in the range from 4-4.99. Five to tea percent 
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TABLE 71 

Distribution of Be~.avior 
R3tinqs over all Observations 

iN • 25635) -

237 

Number of 
Observation 

% of Cumulative %of 
Observations Observations 

3033 
6749 

11332 
4129 
304 

19 
2 

25568 
HI 55 lng 67 

pos i t I on .!1Z22. 
39390 

11.9 
26.4 
44.3 
16. 1 
1.2 

• 1 
.o 

100% 

11.9 
)8.) 
82.6 
98.7 
99.9 

100.0 
100.0 

100% 

.. 

! 

I 
I 
I 
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TABLE 72 

Distribution Of Avera~ 
Behavior Across The First Three Field Studies 

" 
'! 
' 

F'irst Second Tli I rd 
Field Study Field Study Field Study· 

non-task oriented) 5-0% 6.4% 9.4t 
(Comfortable wl th task oriented 

ty 53-3% 55-4% ~1. 3% 
(Concentrating with some arousal; 
task oriented) 40.2% 37-7% 38.1% 

behaviorally 
1.6% .6% 1.n 

--
3111 361 341 2.81 2-75 2. 73 .54 .s,; -59 

' . 

I j 
.J 

f j 

l' .J 
'1 
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of the sustained behavior was in the range below level 2~ and the 
great major~ty of behavior dux~ng the day averaged between 2 and 
3. 99. 

The correlat~.on o£ the average behavicr with the total behavior 
for the day was .54 for the firat vJsit, .64 for thcl second visit, 
and .65 for the third visit, indicating tt.at the average behaviot 
captured a substantial proportion, but not the entire amount of the 
variance in behavior observed for a w:1ole day. 

Table 73 displays the distribution of the range in behavior 
during eacn of the first three field studies. eetween 1.~% and 3.8% 
of the men had no change in behavi~r ratin~s during the entire day. 
The modal range of behavior was two levela, such as from level 1 to 
level 3 behavior. Very few people experienced an intense range cf 
behavior of fou.c levels or more, as wo•Jld be expected from the dis­
tribution of ratings already discuased. Sixty-five percent to 734 

• 

of the men experienced behavioral fluc~uations of two or three levels 
as defined by tne BRS. 

Table 74 displays the correlations betwee.-. tne s\llllllary behav­
ioral measures and the summary workload measures for the first th:ee 
field studies. Total behavior obser~rcd for the day was most strongly 
relsted to the amount n£ ti!ll.e worked during ":he day; and to the pace­
load for the day. Relatively low but signific3nt correlations were 
found between tne total behavior for the day and normalized workload, 
time training, and work training. Thus, we concluded that the behav­
ioral total score for the day was influenced primarily by bow much 
time a man worked on a position, and the number of planes he had to 
handle. 

On the other hand, behavior range was related to timeload and 
time training on the se=ond visit, but it was not consistently re­
lated to these aeasureu, nor ·was hehavior range related to any of 
the other str:~mary wrkload measures. The amount of fluctuation in 
an ATC's behavior was therefore not related to the amount of work 
imposed on him by his environment over the course of an entire day. 
This lack of a relatl.onship was found in S!>ite of the fact that both 
paceload and normalized workload lwd as one of tneir components the 
range in peak traffic or the r&nge in norcalized peak traffic respec­
tively. Consequently, we conclude:! that the prl:.Ury determinants of 
f!uctuationa in be~vior were not in the workload sa we assessed it 
in these five wayo. 

Not only nad we hypoth .. ized a •·elationshtp between 100ods and 
how much wor~ a m&h would accomplish, but we also anticipated ~ome 
poasibl~ relationship between behavior and mead. Table 75 diaplAyo 
the correlations be~een the two summary behavior measurea and the 
eight moods over the first three field studies. The only consistent 
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TABLE 73 

Distribution of 
Behavioral RanQe On The Job 

A'ross The First Th~ee Field Studies 

First 
Field 

1.6% 

18.~% 

40.9~ 

32.6~ 

6.st 

386 
2-?~ 

.88 

Stcdl 
Second 
Field Studx 

2.2% 

25.9i 

~4-~t 

21.8~ 

s. 7% 

367 
2.0~ 

-91 

Third 
Field Study 

3.8% 

27.~~ 

~4.2% 

20.&% 

3.8% 

3~6 
I. 94 
.89 

.. 

'-- _,_.,_-,.; ... 
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I 
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I zed Work I oad, 
I zed Work I oad, 
zed Work. I oad. 

1 
2 
3 

I 
2 
3 

VIsIt 
VisIt 
Visit 

VIsit 
Visit 
Visit 

TABLE 74 

Correlations of S~ry Behavior 
Measures with Summary Workload 

Measures._First Three Field Studies 

Correlatton with Behavior 
~re at Reseectlve Visits 

Behavioral Total Behavior Rdnse 

Visit 1 . 18*** .05 
VisIt 2 .29••• .09 v j 5 it 3 .23••• .07 

.68*** ·.09 
• 78**• ·.o~ . ;·a·~• -.05 

.]6••• .oo 

.76*** .11• 

. 79••• .05 
1 .15•• • 13* 2 .24*** .02 
3 .22*** .oa 
I . 17••• .OJ 2 .29 .. '' ·.02 
3 .26• .. .03 
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Number 
of Subjects 

381 
359 
340 

381 
359 
340 

381 
359 
340 

381 
359 
340 

I 381 I 359 

I· 340 
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TA8LE .'5 

Correlations of Behavior 
with Eight.Moods 

• 

for The First Three Field Studies 
(VIsit I, N•376; Visit 2, N•J52; Visit J, N•JJ6) 

BEHAVIOR TOT.~L, VI~IT 1 BEHAVIOR RANGE, 8EHAV I OR TOTAL, v:stT 2 BEHAVIOR RANG£, B[HAVIOR TOTAL
1 VISiT l BEHAVIOR RANGE

1 

.oo .02 -.06 .02 -.07 -.oo 
. 10 -.as :-;a -.04 . 11 .os 
.06 .02 -.02 -.01 

-.:..!1. -.06 

-.OJ -.OJ .08 -.01 
.07 .03 

-. 01 -.02 -.01 -.OJ -.oo • 0.8 

-. 10 -.01 :o4 .01 
ill .oa 
.0! .04 . 01 .02 

-.07 -.oa 
-.OJ -.02 -.OJ -.oz .oo .04 

values are significant at p <.05, t~>o tailed. 

• 

VIS IT 1 
VISIT 2 
Vl~IT J 

! 
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I 
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and significant relationship was a very low post~ive correlation 
between a mood of tension/anxiety,at the beginning of the day and 
the subsequent total amount of b~havior exhibite~. All other re­
lationships between behavior and moods were non .. ·significant ,,r in ... 
consistent over the three visits. Thus the mood of air traffic 
controllers at the beginning of the work day had very l '.ttle sys­
tematic effect upon either the total behavior exhibited while work­
ing or the range that occurr~d in behavior. 

In summary,' the behavioral Rating Scale was devised co- attain 
a reliable assessment of the controllers' behavior on ~he job. Our 
reliability studles indicated that the instrument served th!s pur­
pose very well. In general most of the behavior exhibited by air 
tra!fic controllers on the job was in the low moderate range of ac­
tivity and arousal. Very few controllers experienced intense behav­
ioral arousal. Our findings also indicated that the total behavior 
~~hibi~ed during the day was highly related to the amount of time 
a mar. had to work and the paceload to which he was exposed durin! 
the day. There were low mag11itude correlations between the total 
behavior and normalized wor~.oad, time. training, and work train­
ing. On the other hand, th~ range i~ behavior exhibited during the 
day had no consistent relationship to the amount of work performed. 
Finally, the behavior. of an air traffic controller during a study 
day was affe~ted very little by sny of eight moods at the beginning. 
of the day. In fact we found that tension/anxiety at the beginning 
of the day was the only mood related c.onsistently and significantly, 
though weakly, to total behavior. The range in behavior over a day 
was not systematically affected by any of the moods. 

Behavior as a response to workload and other environmental de­
terminants will be discussed in Section V. 

ATC Subjective Difficulty 

In addition to the assessment of eight moods at the beginning of 
the day ani behavior during the day, we assessed an air tr3f7.1c con­
troller's subjective perception of the difficulty of his work on that 
d~y. After a man complet~d his shift on a study day, he filled out 
the ATC Subjective Difficulty Questionnaire. 

This questionnaire contained seventeen items that were pilot 
tested at the Oakland ARTCC in 1973. The items are listed in Table 
76. The response choices for 9 items were ordered negatively such 
that a low number ind!cated more difficulty and eight ita.e had their 
responses ordered such that a high number indicated more difficulty. 
The items were counterbalanced in this fashloa to preclude response 
sets. The items with negatively ordered response categories had 
their scoring reversed so that higher scores rep~~sented more au~jec­
tive difficulty. .. 

• 
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244 TAIILE 76 

Questions In the 
ATC Subjective Difficulty Que,tionnaire 

Overall, how difficult do you feel your ~ssignments have been today? 
(I • very easy ... 7 • very difficult) 

Considering all of the tasks that composed your various assignments, 
hew good a job do you feel you have done today? 
(1 • best I've ev~r done •.• 7 • worst I've ever done) 

How heavy has been today's traffic in terms of number of aircraft 
handled? (I • highest ever ••. 7 • lightest ever) 

What kind of aircraft mix have you had? (I • totally commercial •.. 
7 • totally military and general aviation) 

·How much did weather affect the ease of working traffic today? 
(I • made extremely easier ••• 7 • made extremely difficult) 

Compared to other times,what was the quality of help provided by your 
data man and handoff man? (I • terrific •.. ? • the worst ever) 

How many breakdowns or serious Impairments of function (quality of 
return, fruit-ing, degradation, etc.) did vcur radar and conrnunlcations 
equipment have today? (1 • greatest ever.:.-r= fewest ever) 

How many failures and impairments of function did the comnunlcatlons 

• 

equipment on the -1lrcraft have today? (I • g,.eatest ever •.. ] • fewest ever) ··, 

How did your supervisor contribute to your performance today? 
(I • helped tremendously ... ? • hinQered completely) 

How many interpersonal conf11cts occurred for you today? 
(Such as those arising from FAM flights, admini'!\trative policy, a·,,d 
other non-ATC action) (I • mcst ever •.. 7 • fewest ever) 

How many potential traffic conflicts occurred today compared to 11norrnal" 
times? (I • most ever ... 7 • fewest ever) 

·• 
How many changes from peak to slow controlling conditions occurred 
today c0fl1)ared to 11nonnal 11 times? (t • most ever .•• 7 • fewest ever) 

How mitny times did you feel you were about to 11go down the pipe?" 
(1 • most ever .•• 7 1" fewest ever) 

How much did your general mood prior to coming to work affect the 
difficulty of your job today? (I • made job much more difficult .•. 7 • 
made job much more easy) 

If you gave training (formal or Informal) today, how much of a burden 
was It? (I • lightened job extremely ••• 7 • extremely burdensome) 



• 

TABLE 76 cont'd. 
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• 

How much did the requiremen~s of this ~tudy contribute to the 
of your job today? (I • made very much easier ••. 7 • made very difficulty 

dl fficul t) 
Overall, in your experience as c1n ATC at this facility, how difficult 
were your assignments compared to most other assignments that yo~ 
might have had? (1 • very easy ••• 7 • very difficult) 

• 
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Table 77 displays a comparison of the average item ratings 
in the Subjective Difficulty Qu~stionnaire for the first three 
field stu&ies. A score of four represented the exact mid-point 
for all of the items. In general this middle category indicated 
that 1::1e particular coD'ponent of subjective difficulty was neit­
her more ~ifficult than average nor less difficult than average. 

Table 77 indicates that only two facets of the work day 
were considered above average in difficulty: giv:f.ng on-the-job 
training and participating in the field study itself. The con­
trollers also ~oneistently indicated that the sector at which 
they worked and the number of times they felt they were losing 
conlrol ("going down the pipe11

) were much less thac ave·rage 
difficulty for the first three studies. Aircrait communication 
outages and interpersonal conflicts also were ranked at a rela­
tively low level in contributing to the subjective difficulty 
experienced on the study days. 

A number of statistical analyses were conducted to deter­
mine if a sub-grour- of items focused mo.!it clearly on the over­
all tJUbjective difficulty for ,._ day. Iu particular. factor 
analyses were conducted on raadom qplit-halves across all man 
days. They reVealed that seven itev~ accounted for most of 
the variance between all of the items in the Subjective Dif-_ 
ficulty Questionnaire. The f~even itP..ms WP.re replicated in 
the split-half random samplee, and therefore we were confident 
that they represented the core dimension of subjective dif­
ficulty for ~n air traffic controller. 

Table 78 displays the ~tem coD\pooition and reliability 
of the summary subjective difficulty s~ore eventually used. 
The scoring for each item is •adicated in the direction of 
more subjective difficulty, though on the original foM half 
of them had their rtsponses ordered in the opposite direction. 
The seven main components of subjective difficulty were the 
man' e overall aasesSIQeQt o_f the difficulty of the assignment, 
the percc~tion of how heavy air traffic had oeen, the p~rcep­
tion of potential separation conflicts, the number of times 
a man had to cycle from peak to slow cm1trolling conditions, 
how m&ny times he felt that he vao llbout to "go down the 
pipe" (loae control) 'havins to give training and finally, per­
ception of the difficulty of this asaigno>ant relative to all 
othtr aasignaenta. ReAponaes to these item. we1e added to­
gether to form a summary subjective difficulty score. 

'I'able 78 also d.!oplayfl the inte.rnal consistency relia­
bility for the •ummary subjectiv~ difficulty score. For the· 
first three a~inistrationa the internal consistency reliability 
ran,;ed from .82 to .86. These reliability figures were quite 
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TABLE 77 

Comparison of Average Item Ratings 
for Sub•ectlve. OiftlctJity ~ver f1rst 

Three Field Studies 

Item Average· at 
1 Average at 

2 Fi:-~t Visit ::tecond VIsit 

Overall sector difficulty 2.87 2.7] 
Self~rated competence J. 7J J.]J 
Traffic load* J.41 ).48 
Type of air traffic J.82 J.87 
Weather 

J.41 ).49 
Quality of help 

J.78 J. 71 
Radar outages * J.8o J.6J 
Aircraft comm. outages • ).22 J. 1.8 
Supervisory help 

).90 J.9o 
Interpersonal conflicts* 3.29 J.J2 
I of ~otentlal aircraft conflicts* J.J9 J.J8 
Peak to ~low traffic changes • J.59 3.!::1 
Feel lng loss of control* 2.68 2.68 
Hood prior to work* J.]8 ).84 

(N•I06) (N·9~) Training 
4.69 4.58 

This study 
4.22 4.~0 

Overall assignment difficulty J.$6 J.29 

Scoring reversed such that high scores • more difflcuiLy. 

ftxcept as not~d. 

ex=ept as noted. 

except as noted. 
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Average at 
Third VisitJ 

2.87 

).65 

).46 

).90 

J.6o 

J.89 

).61 

J.z; 

J.84 

;.26 

J.J8 

J.62 

2.69 

J. 78 
(N•"96) 
4.58 

4.)0 
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TABLE 78 

Item Composition And 
~il ity Of Summary 

Subjective Difficulty 

I te.n Content 

Overall. how difficult do you feel your assignments have been today? 
{scored from I • very easy to 7 • very difficult) 

How heavy has been toda~'s traffic in terms of number of aircraft 
{Scored from I • lightest ever to 7 • hishest ever) 

potential traffic conflicts occurred today compared to 
times? (Scored from I • fewest ever to 7 • most ever) 

How many changes from peak to slow controlling conditions occurred 
today compared to 11normal 11 times? (Scored from I 11r fewest ever to 
7 • most ever) 

How many times did you feel you were about to 11go down the pipe?11 
(Scored from I • most ever to 7 • fewest ever) 

If you gave training (formal or Informal) today, how much of a burden 
was it? (Scored from 1 • lightened job extremely to 7 • extremely 
burdensome) 

your experience as an ATC at this facility, how difficult 
were your assignments compared to most other assignments that you 
might have had? (Scored from I • very easy to 7 • very dl fflcul t) 

Internal Consistency Reliability* 

f='irst administration, reliability • .82 
~econd administration, reliability • .85 
:hird administration, rei iabi I ity w .86 

,<fticlent alpha (Nunnally, 1967) 
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high and ~onsistent. Therefore we conclud<d that the suumary 
subjective difficulty score was a r_~'c:~rent assessment of the 
overall difficulty experienced '.y a man as he reflected upon 
the work day he had just completed. 

Table 79 displays the distribution of summary subjective 
difficulty scores over the first three field studies. Slightly 
more than 17% of the men thougnt that the day they ~~re studied 
was much below average in difficulty while the great majority 
(70%-75%) thought the day was average. I >mall proportion 
(8%-11%) considered the day above aver~0e in difficulty. 

We were interested in whether or not the subjective diffi­
culty of a day wa~ related to t.he obj ectJ·Je difficulty of a 
day assessed by our summary workload meat•~es. tabl~ 80 dis­
plays the correlations between summary sudjective difficulty 
score and the summary workload measures for the first three 
field studies. 

Summary subjective difficulty was related.most closely 
with the normalized workload measures, yielding moderate but 
highly significant correlat!one. Paceload also was moderately 
correlated with suwnary subjective tH_t:"ficulty. The cory-elation 
between paceload and s~ry subjective 4ifficulty increased 
over subsequent visits. Timeload had ~nly a marginally signi­
ficant relationship to summary subjective difficulty. Finally, 
the two training workload measurep had m?derately low correla­
tions with subjective difficulty at the three studies. Thus, 
a man's perception of the difficulty of his day was moderately 
related to objective m.easures of ~\OW much work he accomplished. 

The consistent and moderate correlat~on between normalized 
workload and subjective difficulty allowed us to compute anot­
her measure of subjective response to work. This measure, 
called psychological response r.o work, was equal to the dif­
ference between the actual subjective difficulty and the sub­
jective difficulty that would be expected from the objective 
workload. Hence a high score on the psychological response 
measure indicated that a man experienced th~ day as more dif­
ficult than the objective workload warranted. Men who rea­
ponded in this way were classified as ausmentors. On the 
other hand, a low score indicated that a man perceived his 
day to be much less difficult than woul~ be expected from 
the obj ectivP.. nonualized workload. Men who responded in t:liS 
fashion were classified as reducers, inasmuch as they under­
estim•ted how much work they had done. 

The psychological response to vork vL~iable Wab calcul­
eted from our post hoc findings, and ohould be differentiated 
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Subjects 

• 

TAi>LE 79 

Distribution of Summary 
S~b;ect1ve ol1tlculty over 

the rlrSt Three r~eld Studies 

Percentage Scoring 

First 
Study 

18.5% 

70.2% 

11.3% 

389 

20.77 
6.37 

Field 

at 

Second 
Study 

17.7% 

71.3% 

11.0% 

362 

20.32 
6.23 

Field Third 
Study 

17.6% 

74.6% 

7.8% 

346 

20.62 
6. 19 

• 

' 

Field 
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Visit 1 
Visit 2 

, Visit 3 

Visit 1 
Visit 2 
Visit 3 

Training, Voslt 
Training, Visit 
Training, Visit 

Training, Visit 
Training, Visit 
Training, VIsit 

TABL: 80 

Correlations Of Summary SubJective 
Difficulty With Summary Workload 

Heasures 1 First Three Field Studies 

Visit I 
Visit 2 
Visit 3 

1 
2 
3 

1 
2 
3 

CORRELATION WITH SUMMARY SUBJECTIVE 
DIFFICULTY AT RESPECTIVE VISIT NUMBER 

.44*** 

.42*** 

.43*** 

·33*** 
-37*** 
.43*** 

.03 

.18* 

.18* 

.27*** 
-27*** 
-31*** 

.30*** 

.26*** 
-33*** 
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NUMBER 
OF SUBJECTS 

381 
355 
339 

381 
356 
340 

381 
356 
340 

381 
356 
340 

381 
356 
340 

.. 
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from the summary aubjectiv& diffiCulty. The predictive utility 
of the psychological. response to work, as well as of subjective 
difficulty aDd objective workload are discussed in Section V. 

FiaaJ.iy, - -r• l.llterested ill tile ·relatiouabip between 
; _;,; ::~· ·MiuiYior .,. 1111e a.-ay dj.:·t:tva difficulty meuurea. 
~' 81. displays ·e~~e :..~trreiatioU ·..c- the ,_.ry suojee­

difficulty and the auaaary behavioral and mood measures 
at· the first three field studies. Oaly on& 1110od waa consist­
ently, though weakly, related 
reportlld at the ad of tbe 
was nepUve; 80 tbat l&'eACttr . ·'" 
of the day related to repor.ta 

other correl&tiona betwea -.ta aad -..y aubject­
c'D!Iatrtftt: aDd. replicable across the first 

Table 81 also displays the correlation bet:ween the a...ary 
behavior measures and the summary sUbjective difficulty for a 
day over the first three field studies. Total behavioral 
arousal (total behavior) during the day was significantly and 
poeitivel.y correlatlld orl.th reported overall difficulty (s...ary 
subjective difficulty) at the end of the day. Siailarly we 
found that the range in behavior displayed during the day was 
positively related to the subjectiv~ dLfficulty reported at the 
end of the day. The correlation between behavior range and 
summary subjective difficulty, however, was much less than that 
between the total behavior and subjecti"e difficulty, indicatillll 
that fluctuations in behavior were less important in the per­
ception of a day's diff~culty than was the total amount of 
arousal he experienced. 

An average behavior rating also w44 cal<alated for illus­
trative purposes. The averag3 behavior ~!fested·during the 
day was moderately and significantly related to summary sub­
jective difficulty. This result added further credence to the 
suggestion that the variability in behavior waa less related 
to t!Xt)erien~tu: :!ifficulty for a day; rather, tl:.e total con­
tinued 81110unt of behaVioral arousal waa more important tn men 
when they recalled the ~ifficulty uf their day. Corr~lationo 
of averase behavior rating and subjective difficulty decreased 
aa the field studies progressed, whereas correlations of total 
behaVior and subjective difficulty increased. We did not, there­
fore, continue to use the average m~asure aince the total beha­
vior measure display~d more consistent and in~reasingly strong 
associations with objective and subjective workload. The re­
sults reported in Table 81 illustrate this phenomenon over the 
first three atudies. 
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Profile of Hood States 

FrIend I i ness 

Tension/Anxiety 

Elation 

Anger/Hostility 

Fatigue 

Depression 

Vigor 

Confusion 

Sutmk.1ry Beh~vior 

Tota I 8ehav i or 

Behavior Range 

Average Behavior 

* P <. o; 
•• p <. 01 
••• p <.001 

TABLE 81 

Corre I at ions of Summa r:t Subiective 
Diffcultx With Surnmar:t Behavior 

Measures and Ei~ht Hoods at 
First Three Field Studies .. 

Summar~ Subjective 
.IJisit 1 Visit 2 

-.13* ... 14~~ 

.19** .OJ 

-. 11* -. 10* 

.02 .oo 
.09 .os 
.M -.01 

-.o6 -. 10* 

. 10* -.01 

.21** . 1J** 

.~~··· .40*** 

• 

• 

253 

' 

Difficult~ 
Visit J 

-. 11* 

.oo • • 
-.07 

.02 

·.OJ 

-. 01 
. i' 

.o~ 

.oo 
): 
F 
" i' 

! • 

• J6*** 

. 10* 

.J9*** 
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In summary, the ATC Subjective Difficulty Questionnaire was 
devised to assess the comp~nents of workload which r.ontributed 
to the perception of a difficult day. 

The d.tfficulty of a day as report::od was modera~ely and si.o­
nificantly associated with the amount of work performed for 
the day. Only one mood was consistently related to subjective 
difficulty at the end of the day: a friendly mcod in the murn­
ing was related to a report of less th.in <1verage difficulty for 
the day, Total behavioral arousal durins the day was signifi­
cant~y correlated with the total subjective difficulty reported 
by men at the end of the day. The raHge in behavior mani!ested 
during the day was significantly, but slightly, rehted to sub­
jective difficulty. The average behavior manifested was moder­
ately related to subjective difficulty reported by men at the 
end of the day. 
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SUMMARY 

Cardiov&scular Measures at Work 

LeVoC!ls and variability of blood Pl'essure and heart rate at work 
were studied to ascertaln wh2ther or not the air traffic contr61 
work was producing increased cardiovascular response. Portable 
automatic recording sphy~omanometers were used to measure and re­
cord the ATCs' blood pressure every 20 minutes during a 5-hour 
study day while they were actually controlling traffic and·while 
they were off position. 

the following findings emerged: 

1) The men's average blood pressures at work were highly cor­
related with their average blood pressureS in the physi­
cian's office (.64 for both systolic and diastolic); 

2) Daily average systolic blood pressure was 129 ± 13 mm Hg; 
daily average diastolic blood pressur-e. was 87 .± R mm Hg;; 
daily average heart rate was app~oximately 78 ± 10 beats 
per minut,~; 

3) 

4) 

5) 

6) 

7) 

8) 

There was a slight tendency for blood pressures to be 
higher while men were on-position compared to whea tb6y 
were off-position; · 
On the average, systolic pressures ranged 35 + 12 -'lis 
over a day, and diastolic pressures rangP.d 27-+ 8 mm Rg; 
There was a significant difference of 3 mm.Hg in the dias­
tolic blood pressure averages of the oldest group of con-
trollers, aged 39-49 at entry to the study vs. the younger 
controllers; 
Working on the radar position had a consistently signifi­
cant effect on range in blood pressure. Ne~ther working 
other positions nor vorking any sector had a significant 
effect; 
Controllers at Logan Tower, younger than controllers at 
other facilities, had highest systolic blood pressure 
values; 
When each man's changes in blood pressure were calculated 
on the basis of his own record, on-position meaAures w~re 
significantly higher for m:>st men th•n off-position mea­
sures; 

9) On the average, level of systolic blood pressure increased 
4 to 5 mm Ug and ~iastolic blood pressure increased 2 to 
3 mm Hg under conditions of higher workload when days of 
varying workload were compared; 

10) VariaHlity of blond pressure was not affected by chang­
ing amounts of workload, but wes influenc~d by time on­
position, which did not influence average pressure. 

'1'1 
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For predictive studies, a number of measures of cardiovascular 
reypo~.sivity to work were derived in addition to me.11sures describ­
ing blood pressure levels and V!'\riability for each man. 
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9. Cardiovascular Measures at Work 

Introduction 

The cardiovascular measures that we studied were levels of 
blood pressure and heart rate, and va~iability of blood pres­
sure and heart rate. Systolic blood pressure, diastolic blood 
pressure and heart ":ate were used to assess the nature of men's 
cardiovascular responses while they were controlling air traffic 
as well as when they were on work breaks and· carr:riag out other 
~uties. 

A standard orotocol was followed for all observations. 
Systolic and diaotolic blood pressures were rt::corded usJ.ng port­
able automatic recording sph?gmomanometers that measure~ and 
recorded pressur~ in the cuff and recorded Korotkoff sounds on 
magnetic tape during deflation of tne blood pressure cuft. The 
sphy~nometer was operated by a medical technician. and re­
cordings were made every twenty minutes. During the 2-minute 
perir~ just before each measurement of blood pressure, a uumber 
of other assessments were made. such as traffic conditions &ad 
men's behavior. These data we~c collected and recorded three 
times an hour for a period of ftve hours beginning at 7:30 dur­
ing t~e mornfnb shift and at 15:00 during the afternoon shift. 
During each 5-hour p~riod of measurements, fifteen obaervationP 
were made for each man on each day he was studied. It should 
be noted that mea's average blood pressures w·:1ile at work. were 
highly correlated with their average blood pressures from the 
office visits (.64 for both systolic and diastolic pressures). 

Cardiovascular Measures and Descriptive Statistics 

Almost all of the men were studied during -work on at least 
one day. Table 82 shows the number of mrn with complete blood 
pressure studies. Three hundred and eigdty··two men (92% of 
our swnple) had. at least one blood pressure study. The majo­
rity of men (6'1% of our sample) werP.: studied fvr five hours 
on three or more different days. Over tht! course of the 
study, wa coliected data duriftS a total of 1,421 man-days 
and 7,105 hours of observations. In all, we collected over 
21,000 blood pressure and heart rate measurements while men 
were at work.. 

Level9 of systolic blood prP3sure, diastolic blood rreasure. 
and heart rate were computeO for each man every day he was studied 
at work. On the average, the systoltc blood pre9Pure measured 
over the whole day was 129 + 13 (mean + 5 :o.) mm Hg a,;d thP. 
avera~e diastolic blood preSsure was 87 + 8 mm Hg. The average 
heart rate measured over the whole day ~•• approximately 70 t l~. 
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TABLE 82 

Number Of Hen Completing Blood Pressure Studies 

% of 416 

382 92% 

340 82% 

288 69% 

249 60~ 

162 39% 

1421 

7105 

21,315 
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beats per minute. Tables 83 and 84 ,resent the average systolic 
and ·the a~erage diastolic blood pressures r~s~ectively for each 
of the first three visit~:~ The'"e tables list the mean across 
all men for the average pressures, the standard deviations of 
those averages, and the maximum ~nd minimum average blood pres­
sure. Additional tables presenting values for heart rate are 
included in Appendix I. Other tables listing similar statis­
tics for the maximum systolic an( diastolic pressures also are 
included in Appendix I. 

Table 83 also shows that levels of blood pressure were 
not different when data from men receiving antihypertensive 
medications were included. In both groups of men, with and 
without those receiving antihypertensive medicationst there 

. was a sli6ht tendency for blood pressures to be higher while 
men were on-position compared to when they were off-position. 
Furthermore, values for blood pressure for all men were slig~tly 
lower on subsequent d:tys than during the iir~t day they were 
studied. On the average across all men and across all vi~its, 
blood pressures .were apprcximately 1 mm ~ lower each visit 
but the differences were not clinically significant. These 
minor ~eductions were evident in the 411-day measures, the 
on-position measures, and the off-position measures. 

The amount that bloOd pressure varied during the day ~as 
more impressiv ~ than the levels of blood presE:ure. Wber.:a.s 
average levels of blood pressure were within the limits of 
pressures recorded in other groups of subjects stcdied by other 
investigators, the ranges were much greater than we expected. 
TableS 85 and 86 present populatlon statistics for systolic 
range and diastolic range. We calculated the range as the 
difference between the highest .and lowest pressures ohserved 
fo·t each man on one day. On the average, systoli.: range meas­
ured over the whole day was 35 + 12 mm-Hg and the average 
diastolic range was 27 + 8 mm Hg. During the working day, 
systolic blood pressure-rose on the average above 150 mm Hg and 
fell on the average below 115 ~ Hg at least once. Diastolic 

· blood pressure rose on the average above lGO mm Hg at~ fell 
below 75 mm Hg. This variation is of great clinical ••ignifi-

These measures of blood presscre leVels and_variabilit.y 
were calculated in three ways. First, we evaluated these 
measures over ~11 assessments made for a day. These are 
referred to as daily measures. Secondly, thede same measures 
of level and variability were calculated only for those times 

:nan was working a journey:nan position (see Sect.ion IIIB7). 

• 

• 

i 
.q 
;I 
•; 

! 



TABLE 83 

ATC 

FIElD STUDY 

CARDIOVASCULAR ~EASURES 

Avera~~ Srstollc At Wurk 

All SUBJECTS 

STil. O£VIAliOH HAXIHIJH 
VISIT VISIT VJSIT Ill SIT ViSTf'"" VISIT VISIT I 2 3 I 2 3 ! 

HEAH 
VISIT iiTir VISIT 

AVEMG!.......llii~ I 2 3 

DAILY 1}0.8) 129.)1) 128.~9 ''-·"' 12.91 13.H 1)6.)3 18S.90 171.20 101.08 

13.18 1}.1 7 11.12 181.)) J8S.J6 1)8.22 98.1) 
ON POSITION 131.)2 125.16 128.87 

13.16 1).21 l).lt~ 172.00 IB).SO IIJ.BJ 102.67 
Off POSITIOri 1)0.0) 128.]2 m.a1 

:.. , I !!f!-UDIHG ~UBJECTS ON AHTI-JIYPERTEHSIVE IU:DICATIOHS 

""'" STO. OEVIATIOH HAXIHUH VISIT VTSTr VISIT VISIT VISIT VISIT VISIT vmr VISIT VISIT AVERAC£ ~YSTOI!£ I 2 3 I 2 3 I 2 3 I 
DAILY 1)0.!}) 14:9.3) 128.75 12.50 1).05 13.~6 176.3) 185.90 111.20 10).)~ 
Ott f'OSiliOII l)l.ltl I29.H 129.00 1).51 1).68 ,,.,26 ISI.ll ISS. J6 178.22 100.91 
OFF POSITit·,. 1)0.]0 128.80 128.01 1). 22 1).)9 13.S7 172.00 187.50 17J.SJ 102.67 !-

I'UHII'!UH 
vmr VISIT 

2 3 

:19. )0 ~&.so 

~e.oo ~).)S 

l2.7S 
"· 2S 

HIHIHUH 
7iTfJ VISIT 

2 3 

55.30 56.SQ 

98.00 51.)5 

92.7S 9lt.25 

• V 1-5 I T 
l 2 3 

382 )40 2118 

l7S 338 286 

l/6 JJ6 2a1 

• V ~-~ I T 
I 2 3 

360 320 265 

35) 118 268 

lSI Jl6 us 

N 

"' 0 



TABLE 84 

ATC 

fl(lO STUDY --
CARDIOVASCULAR MEASURES 

Averase Gla~~~llc At Work 

All SUBJECTS 

HLIH 
~V£KAGE DIAS!Q!lf VISIT VISJT VISIT 

I 2 l 
DAllY 87.39 86.61 86.7J 

OH POSITIQH 88.32 87.15 87.16 

Off POSITION 86.\6 8S.82 as. 7s 

STD. DEVIATIW MAXI HUH VISIT VISIT VISIT VISIT V'iSTT VISIT I 2 3 I 2 3 
6.16 8. 39 ]. 60 11).9'2 109'.00 IIO.l!O 

•• 06 8.62 7.97 120.00 111.00 110.10 

9.18 9.09 8.39 115.10 Ill. 75 112.00 

HINIHUH 
VISIT ViSI'T VtSIT 

I 2 3 
6S.51 66.10 67.60 

66.11 66.)0 68. 17 

55.00 65.00 6~t.~o 

H 
V 1-S I T 

I 2 3 
}82 310 288 

375 338 286 

J76 ll6 287 

EXCLUriNC SUBJECTS ON AHTI-HVPERlfNSIVE ~EOICATIOHS 
HLIH STD. DEVIATION HAXIHUH HIHI/1l:H N 

VISIT Vffi-T VISIT VISIT VISIT VISIT Vlf>IT Vffir. V!SIT VISIT VTfiT VISIT V 1-S I T 
AVERAGE DIASTOLIC I 2 3 I 2 3 I 2 3 I 2 3 I 2 l 

'I DAILY 87.15 86.67 66.71 G.l7 8.4.) 7.68 113.,2 10~1. 00 IIO.'tO 65.SI 66 .•• 69.\0 360 PO 269 
~ 

OH POSITION 88.36 87.15 8].22 9.0} 8.61 8.<>G 120.00 Ill. 00 110.10 66.11 66.)1"1 68.86 35} 318 268 

fl 
Off POS; Tl OR 86.SI 85.78 as. 79 !1.26" 9.0) 8.jj 'IIS.IO Ill. 7S : l2.0D ss..oo 65.00 t.lt.so lSI ~16 268 

[, 
N 

"' .... 

~ •• 
[j~~--" . --- ------·-~ -----· --~---
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HBN 
R~NGf - SYSTOliC !;'I SIT ffiTT VISIT 

I 2 ] 

DAllY ]7.]8 )1.6; 11.8; 

OH POSITION 1!1.71 28.62 28.1t) 

Off POSIT 1 !!N 21t.17 22.11 20.81t 

HfAN 
VISIT VHTT VISIT kAHGE - SYSTOLIC I 2 J 

DAILY • 11. •s Jo.n H-07 

ON POSITION 29.71 28.6\ 28.82 

Off POSITION 2\.19 22.1) 20.71 

' ' 

TABLE 85 

-AIL 
FIELD nuov ------

CA~DIOVASCULAR H[ASU~ES 

Ranqc Of Systoll~ At Work 

All SU8J£CTS 

STD. DEVIATION KA'.W'IUH. 
VISIT VISIT VISIT VISIT VI fiT 

I 2 J I 2 
12.36 II. lt2 12.39 IOJ.OO 91.00 

12.]5 11.]2 
12. "' 71.00 75.00 

llt.2S 11.80 12.60 100.00 6S.OO 

VISit VISIT 
J I 

7S.OO 11.00 

70 00 0 

75.00 0 

EXClUDING SU8J£CTS OH ANTI-IIYPERHhSI\11 ttEOICATION) 

STD. DEVIATION I'IAliiNIJH VIS IT VISIT VISIT VISit ViSit VISIT VISIT I 2 J I 2 J I 
12. \] 11-.56 12. 5) !00.00 91.00 7S.OO 11.00 

12.29 II. ~7 12. It I 71.00 75.00 ]0.00 0 

"'. ;JI II.!H 
12. '" IOO.OQ 65.00 75.00 D. 

-··--- ---- -~-----· ---·--~ --------------·--· 

" 

lt1NIHU11 
'V'iTiJ VlSIT 

2 J 

N 
V 1-5 I J 

I 2 J 
1].00 11.00 }82 J;o 288 

0 s.oo l7S }}8 286 

0 0 ll• }J6 287 

111HIHUH • '"i"I"ITT- VISIT V 1-5 I T 
2 l I 2 J 

1].00 II. OJ ]60 ]20 26~ 

0 s.oo l5l ]18 268 

0 • m ]16 268 



TABLE 86 

.,, 
fiHD STUDY 

CARDIOVASCULAR h£A~UR£S 

II:Miqe Of Dlurollc ~-t Uork 

All SU6.:!f£!! .... STD. DfVIATION 
K."XIHUH 

111Nitl»> • 
VISIT VISIT VISIT VISIT VISIT VISIT VISIT """VTSTr VISIT VISIT VlftT VISIT V 1-S I T 

f~HG£ - DIASTOl!£ 
I 2 J I 2 J I 2 ) I 2 ) ' 2 ) 

DAILY 26.85 2).05 25.70 8.92 8.11 1-37 )8.00 55.00 so.oo ~-00 12.00 10.00 382 3~0 288 OH f'OS IT ION 20.53 21.89 21. ,, a.,. 8.6) 8. II 57.00 55.00 50.00 0 0 1.00 375 )38 286 OFF f>OS I T1 01\ 17.67 18.25 IS.1S 9.)6 9.36 <J.09 65.00 55.00 ~1-00 0 0 0 Jl6 JJ6 287 

EXCtUDIHG SUBJiCTS OH ANTI~HYP£RT£HSIVE HEDICATIOHS 
I'! EMf STO. DEVIATiON 

VISIT ~::7~H HINJ,_o...:;.. • 
VISIT VISIT VISIT VISIT VISIT VISIT 

VISIT VISIT ·~STJ VISIT V 1-S I T 

RAMG£ - DIASTOLIC I 2 ) I 2 3 I 2 ) ' 2 ) I 2 ) 
DAllY 26.91 27.1] 25.)0 8.92 8. 12 7.40 78.00 55.00 50.00 8.00 12.00 10.00 360 )20 269 
ON ..f'OSITIOH 21.05 22.02 11.66 8./1 8.6) 8. 19 50.00 55.00 so.oo 0 0 1.00 l5l )18 268 Off POSITION 17.6~ 18.20 15.1) 9-BJ 9-~1 9-09 65.00 55.00 47.00 0 0 • 3;1& )16 268 

..., 
"' ..., 
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These ~easures are referred to as calculated only for those 
times in a day that a man was not working a journeyman posi­
tion. These times included when a man was on break, working 
a data position, or in a supervisory position (see Section 
IIIB7.). These assessments are referred to as off-position 
measures in our tables. We were primarily interested in men's 
experiences as journeymAn controllers. Therefore, to investi­
gate blood pressure responsivity to work, we used the on­
position measures. We could examine thereby the possible 
effects of changes in traffic on blood pressure during the 
time a man was actually working a journeyman position. 

Factol"s Other Than Workload Affecting Blood Pressure 

Before investigating blood pressure responsivity to work­
related phenomena, we checked to see whether a number of other 
factors affected blood pressure. First, comparisons of the 
morning and afternoon readings of blood pressure across the 
first three visits showed no consistent differences in blood 
pressure between the morning and afternoon readings. Thus, we 
could collapse across morning and afr.erno~n visits. 

Other factors checked for their effects on blood pressure 
measureB were age and amount of e~perience as an air traffic 
controller. No consistent Gifferences were found between 
experience groups. The only signi-ficant differences attribu­
table to age were in average valuts for diastolic blood pres­
surs.s. Table 87 shows that the g:coup of oldest controllers, 
men age 39-49 at the beginning of th~ study, had significantly 
higher diastolic averages than the controllers in the younger 
age groups acrose all three visits. The difference between 
the oldest group E1nd the you11gest group was 3 mm Hg. 

Other factorH examined were the possible effectS of work­
ing different journeyman positions and working in different 
types of sectors. Wotktng on the radar position did have a 
consistently significant effect on men's range in blood pres­
sure across the first three studies. However, there were no 
consistent effects of W(Jrking a particular type of sector. 

Significant tiitr~zences between {acilities for all three 
visits were observed. These results arP.: st.tmnlS:rized in Table 
88. The measures tl:at consistently disc~ii!Iinated between faci­
lities were Rystolic range and systolic maximum. Men studied 
at Logan Tower had the highest values for systolic blood pres­
sure among tha controllers during two of three visits. Dia­
stolic.: average a~•~ maximum., significantly d:tfferent on one of 
three visits, were also highest at Logan Tower. Controllers 
at Logan were younger than controllers at other. facilities. 

-----· - ·-- --- .. 
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TABLE 87 265 

Differences in Age ir. Blood Pressure Response To Work 

Averages 

Younger 

25-34 

115 

86.9 

85.3 

86.4 

Middle 

35-38 

105 

87.9 

87.2 

86. 1 

Older 

39-49 

132 

F 

90.2 3. 72 

88.9 5.16 

88.9 3.42 

... 

' 

!!. 

.0246 

.0065 

.0330 
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N 
LOGAN QUONSET, OTIS 

"' 
COHHON 

"' 
lll..!.! NASHUA IFR ~ WINDSOR, PROV. F 2. 

VIS:T I N = (152) (84) (57) (27) (32) Systolic Aver. 130.0 130.3 133.2 139. I 132.3 1.15 .01~4 

Systolic Range 39.3 33.8 36.2 70:2 36.9 3.27 . 0115 
Systolic .. ax. 152.2 147.2 132.3 ili.J! 153.9 3.29 .0115 VISIT 2 N = (140) (79) (49) (24) (26) Sys tc l I c Range 34.4 33. I 37.5 39.8 31.8 2.76 .02]5 

Sy~tol ic Max. 147.5 146.6 l5j.l I~ 144.2 2.52 .0403 
~ Diastot ic Aver. 86.4 88.8 84.4 89.3 89 2 

I 2.99 .0188 
Dia:;,to) ic Hax. 99.2 IOO.O 98.4 lo4.5 103.1 2. 72 .0291 VISiT 3 N 2 1:25) (73) (35) ( 19) ( 16) Systolic Aver. 131. I 122.8 131.5 136.2 126.8 6.04 .0003 

Systolic Range 35.1 32. I 35.7 To:T 24.8 4.29 .C026 
Systolic Max. 149.3 141.2 149.7 156.7 137.7 5.45 .0005 

- ---- ------
----- ~·------------- ·------ -------
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Therefore, Lhese high pressures cannot be eXplained by age. On 
the average, controllers at the Common IFR Room had the second •; 
highest pressures. 

Interrelationships Among Cardiovascular Measures 

The interrelationahips among the daily cardiovascular IDea­
sures are presented in Ta~le 89. In order to determine res­
ponsiveness to variations in traffic, we derived measures to 
describe men's variability and level of blood pressure at work. 
Both range and level of blood pressure might be exp~cted to be 
affected by -,ariations i~ traffic. Because the rangP. correlated 't 

highly with the standard deviation (0.94 and 0.93) the standard 
deviation measure was not included in our analyses. As presented 
in Table 89, the avera£e systolic blood pressure correlated 0.35 
with the range, and the average diastolic blood pressure corre­
lated 0.15 with its range. While there was conside<able independ­
ence between the range and the &verage blood pressure (indicated 
by low c.orrelations), the relationships between these mea~ures 
were statistically significant. Men with higher levels of blood 
pressure tended to have more variability in blond pressure during 
the course of the day. 

A more accurate reflection of variability !n blood pressure 
independent of average level was obtained by calculating a resi­
dual syst~lic and a residual diastolic range. The residual 
range measures were calculated as the difference between the· 
act~al range for a >n.:1n and·the range predicted from his average 
blood pressure. Therefore, a reeidual range of 4 means that a 
man's actual range in blood pressurs was 4 mm Hg higher than 
that ~xpected from his average blood pressure. Similarly, the 
maxim~ blood pressure m~surements were significantly correlated 
with the average hlood pressure1 (0.86 for both systolic and 
diastolic). Men with higher levels of blood pressure had higher 
maxtmum blood ~regsures. Therefore, for the purposes of analysts, 
we also calculated a residual maximum m~asure for ear.h man which 
is interpreted in the same vay as the residual range measures. 
That is, a residual maximum of 4 means that a man's max~um blood 
pressure exce~ded that ~~pected from hi~ average blood pressure 
by 4 mm llg. 

Although blood pressure levels measured on three different 
days wer~ highly correlat~;d, runges observed varied on different 
days. Table 90 shows how stable the blood pressure measures 
were across three studies for ·the men who were studied on three 
occasions. The average blood pressure measure was the most stable 
measure. 

Specifically, the average correlated approximately 0.5 to 

• 



268 TABLE 89 

Correlations -Among Oai ly Cardiovascular Measurements Of 
Air Traffic Controllers At Work: First ~tudy 

N• • 353·360 

. (I) (2) (3) (4) (5) (6) (7) {8) (9) 

1.00 

.35 I .00 

.86 .73 1.00 

.36 .94 . 71 1.00 

.s7 .08 .44 .II 1.00 

.25 .26 .28 .26 • 15 1.00 . 

.57 .23 .50 .26 .86 .54 1.00 

.27 .26 .28 .28 .13 .93 .49 1.00 

.25 .22 .26 .22 .18 .06 .li . . 08 1.00 

( 10) 

.07 .26 .19 .26 .13 -.01 .II -.01 .J$ 1.00 

( II ) 

.23 .27 .27 .27 .21 .06 .19 . .07 .89 .68 1.00 

{ 12) 

. 05 . 13 . 13 . 19 • 13 . 03 . I 3 . 02 • 40 • 89 • 68 I. 00 

lng s~.tbj ects on ant f ... hypertens i ve medIcatIons; some cnrr" I at ions are based on 
than others bec~use for some subjects there were too few observations 

ate a measure. (e.g. there Is no range when only one measureme.n.t was made). 

. ' .,, - ...... ~ 



TABLE 90 

Correlations Among Daily Cardiovascular Measurements Of 
Air Traffic Control1er3 At Work: Across Three Studies 

N* • 256·320 

First First Second 
vs VS vs 

Second Third Third 
Study S'tudy Studv 

.59 .57 .49 

-.02 • 14 .24 

.41 .44 ;39 

.03 .20 .25 

.61 .47 .52 

.oo .12 .04 

.46 .30 .36 

.04 .i5 .09 

.54 .47 .51 

.04 .10 .25 

.40 .36 .44 

.08 .07 .19 
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ng subjects on antl .. hypertensive medlcatlons; some correlations are 
on fewer subjects than other~ because for some subjects there 'l'lere 

few obser'Iations to calculate a measure. (e.g. Th~re Is no range when 
one measurement was made/. In addition, th~ correlations could only 

calculated for subjects having a particular measure for all three studies. 
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0.6 ~cross the first three studies for both systolic and dia­
stolic pressures. But while the correlations indicated consider-

• 

able stability o1 level of pre:CJsures, the correlation coefficients "': 
were not so high as to obviate the need for multiple studies. Maxi-
~.um blood pressure also correlated significantly across studies 
for both sy•tolic and diastolic (0. 39 to 0.44 fot· systolic and 
0.30 to 0.46 for diastolic). However, the maximum was a less 
stable measure than the average pressure. Finally, range was the 
least stable measure (correlations ranged from- 0.02 to 0.24 in 
systolic and 0.0 to 0.12 for diastolic). 

Additional tables in the Appendix present the correlations 
among thl! on-position mee-~ures. Three of these tables list the 
correlations among all the on-position measures for Study 1, 
Study 2, and Study 3. The fou=th table lists the correlations 
among the on-position m~asures across the three studies. The 
daily measures were highly correlated with the on-position meas­
ures, the average correlation coefficient being 0.95. Thus, for 
a given individual's values, the daily measures ij.nd the,.;,­
position measures were interchangeable. However·, the on-position 
measures were generally more stable ove~ time. than the daily 
measures. This ruay be due to the fact that men's activities 
while working a journeyman position were fairly consistent. In 
comparison, when off-position and on bre&k, for example, men 
could be walking, eating, playing sport~ and carrying out other 
activities. 

Relationships Between Work and Cardiovascular Measures 

Turning now to the relationship between workload and blood 
pressure, we saw differences between the on-position and off­
position blood pressure measurements across all c:en. These 
differencP.s were slight, but suggested that the differences 
would be mor~~ substantial if we compared measures within.. indi­
viduals. Thus each man would serve as his own controL 

As shown in Table 91 W'~ found that the on-posi ticn measures 
were signific.lntly higher for lllQSt men than their off-position 
measures. For exampl~, on the third visit, t 11e maximum systolic 
and diastolic blood pressures were ~ and 4 mm Hg higher on­
position than off~pot<ition. Similar changes were observed in 
heart rates. Furthernrore, there was a combination effect evident 
in that average blOcd pressures decreased froa ·visit 1 to vl.sit 
3. This dt:.:crease ·•as much greater for the off-position averages 
than for the on-position averages. 

Heart rate :neasures alae were significantly different bet­
ween the times when a man was on-position and the times he was 
off-position. However. there were a numb€r of confoUnding factors 

• 

• 
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that affectecl heatt rate. Men who smoked cigarettes had higher 
average heart rates and higher maximum heart rates on-position 
than men who were former smokP.rs or who did not smoke. On the 
other hand, smoking did not have a significant effect on blood 
pressure and therefore we concentrated our analyses on blood 
pressures. 

The higher blood pressures recorded on-posttion compared to 
off-position required further analy!lis. We found that. on the 
average. blood pressure increased under conditions of higher 
worklcaUs and we undertook extended analyses to determine the 
strength -md sources of these effects. 

Two methods were used to investigate the differences in 
individual responses to increasing workload. Hethod A inclucled 
individuals whose workload fell in the highest quartile on one 
day and in the lowest quartile on another. That is to say, the 
work they performed on the high day was in the highest 25% of 
all ~ork done by individ•lals for that visit, an.1 on the low day, 
their work fell iuco the lowePt quartile of all values for that 
visit. One· hundred and twenty-three men fulfilled these criteria. 
The comparisons of their blood ~ressu~es on their high day and 
their low day of ~~rkload are presented in Table 92. The average 
and maximum systolic and the average and maximum diastolic blood 
pressure levels were significantly higher on the high workload 
day than on the low wo,kload day. The average systolic differ­
ence on these two days was 4 to 5 mm tig while the average differ­
enc~ in diastolic was 2 to 3 mm Hg. These resu:ts were all 
statistically significant at the .005 level or better. These 
data showed that, on the average, men who were exposed to very 
different workloads on two different days had significantly in­
creased blood pressure responses o~ the high workload day. 

Method B compar~ men's values for both blood pressure and 
workload to each man's own average~ of blood pressure and work­
load across all of his studies. The grand average for workload • 
included the amount of work do~= while blood samples were with­
drawn. Thia yielded an average of 7 to 8 days that we could use 
to calculate each man 1 s average workload. We then eelected indi­
viduals who exceeded their workload average on one d&y by 10%, 
and on another day fell below their workload average by 10%. 
One hundred and sixty-one men fulfilled these criteria. Results 
of these comparisons are shown in Table 93. Again, the differ­
enc-es in blood pressures between the two days were measured by 
comparing the values on each day to an individual's own grand 
average for all blood pressure studies. This p~rmitted a parallel 
analysis of both the ind~pendent and dependent variables. 

II 
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TABLE 92 

Comparison Of Men With Themselves When They 
Had Ver'y High Work I oad On One Day And Very 

low On Another Day 
(N • 123) 

Work Compared to Population Values 

Men in the Highest Quartile of Normalized Workload 

On Day One and in the Lowest Quartile on Day Two 

HIGH 110~~ LOW WORKLOAO 0 I FFERENCE 

131. 85 127-51 4.34 

88.73 85.80 2.93 
Systolic 147.59 141.88 5. 71 
Dio3stol ic 99.30 96.45 2.85 

• 
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E. 

3-73 .0005 

4.JZ .ooos 
3.29 .005 

3. 13 .oos 

I 
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METHOD B: 

TABLE 93 

Comparison Of Men With Themselves When 1~.~y 
Had Very High Workload On One Dcly And Very 

La~ On Another Day 
(N ~ 161) 

llpsative) Work Compared to Man's Own Average For 5 

Field Studies. High Day Exceeds 10% Of Own Average Workload 

by 10%, Low Day Falls Below Own Average Workload by 10% 

H'IGH WORKLOAD LOW WORKLOAD DIFFERENCE ! 

DAY AVERAGE MINUS 
GRANO AVERAGE FOR 
ALL BP STUDIES 

Systolic BP 
mm Hg + 2.09 - 2.32 ~.41 4.01 

Diastolic BP 
mm Hg + 1. 76 - 2.41 4.17 6.69 

Maximum Systolic 2.64 - 1. 66 4.30 2.90 
Maximum Diastolic 1. 61 1. 52 3.13 4.00 

£. 

.001 

.001 

.01 

.001 
I :r 

:; 
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The results were impressive whether ~·ethod A or Method B 
was used. Tr..e difference in systolic average blood pressure bet­
ween a high workload day and a low workload day was approximate!y 
4 mm Hg, and the difference in the maximum systolic pressure for 
high and low •~rkload days also was approximately 4 mm Hg. The 
difference 1n diastolic values was 3 to 4 mm Hg. All of these 
~esults were statistically significant. Although only a subsample 
of the population fulfilled the crite"ia of having siguificantly 
different workloads on their st•.1dy days, it w;::.::; clear that on 
the average, systolic blood pressure increasec. for that sr··smnple 
by approximately 4 to 5 nm Hg on days of increased workload com­
pared to days of significantly less workload. There "'-'Rs a similar 
increase of j to 4 mm Hg in diastolic blood pressure, for both 
maximum and average values. 

Ira contrast to levels of blood pressure, variability of blood 
pressure was not affected by changing rur.ounts of work.lve:'. The 
residual ranges for systolic and diasto·ac blood precsures were 
the same under high and low workload ccnditions. However, res!­
dual range was influenced by time on position whereas the average 
pressure was not. Time-load, our summ.iry measure,· was the sum 
of maximum consecuti~~ time on positicn and the total time on 
posi:ion during the course of one day. Wt"" fo_und that the residual 
range measures were sigl'ificantly relited to the number of on­
poaition blood pressure oi;~~rvations l man had for· that day. For 
this analysis, we chose to include only the men whose measure­
ments of range were based on more than five observations. Sixty­
five men had residual range measures based on six or more on­
position observations for the days when they were in the highest 
quartile of time· .. load and for the days vhen they w.:"re in the 
lo~est quartile of time-load. Table 94 shows that for both systo­
lic and dia~tolic press~res, men tended to exceed the amount of 
variability expected from their level pressures by abol.!t 3 '"'" Hg 
on extremely high time-1oad days. They tended to have almost 
1 ~ Hg lees variability than expected from their level pressures 
on extremely low time· ·load da)YS. These results were significant 
at or beyond the 0. 05 lev•ls. 

In summary, Tables 92-94, demonstrate that bloo~ pressure 
values were increased or decreased in acco=d with different 
\rorkload condi tiona.. Men's ~,: ~.,.$1ge and uximum pressures were 
signiftcantly higher ur.C.er extre!l!elY high worl<load conditions 
compared to men's average and maximum pr~ssutes under extremely 
low workload conditions. 1-"urther, when comparing tin'.eload, de­
fined as t~e on position_$Ummed with waximum cons~cutive time 
on position, there were auhstantial dif.fe:ences in men's blo~d 
pressure variability. These differences were a~l statistically 
oignificarit and seem. to represent a real physiolv.;:' CJil differ­
ence. 
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276 TABLE 94 

C~.parison Of Systolic And Oiastol ic Residual. Ran2e Measurements 
Under Conditions of High Temeioa.J And Low lime load 

For 
Days Including At Leas"t'Six Measure;nents On Posi~ion 

High Low 
Time load Time load 

N2 
Mean Mean 

65 ).1] -.sa 
(9;)0) (11.57) .os: 1.99 P <·osl 

66 ). 12 -.82 
(7.76) (7.62) p <·0 

Is the sum of maxfmutr~consecutive time on a working position and the 
on a working position. High titneload represents the f:,rst occurrence 
quartile of timeload over five field studies. low tfmeload represents 

occurrence of the botto:n quart I Je of time load over five fie~d -studies. 

-hypertensive m~~dfcation during any of the first three field studies are ex­
In addition. men whO never experienced the top quartile of tlmeload 
who never experienced the bottom quart! le are excluded. Further. men 

for correlated means 

Finally, the blood 
e men were on a working position. Ther(­

po$ltion are al5o excluded. 
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Cardiovascular Predictors for Future Health Change 

The next major question was whether blood pressure respon­
sivity to work influenced future health change. The previously 
described results led to the definition of three variables that 
captured blood pressure respo·nsivity to work. Specifically, we 
computed the difference in average level pressures between the 
high and low workload days. However, when comparing the ~o days, 
the men who had the least amount of change in blood pressure 
levels tended tc have had higher values on the low day than the 
men who experienced larger increases in blood pressure levels. 
Therefore, to get a more meaningful value of blood pressure res­
ponsivity to work, we again calculated residual measures, this 
time holding the ."-".tial level on the low day constant. These 
measures were: 

1. Diff~rence in systolic average between high 
and low mormative man work dr,s, controlling 
for initial level on law days. 

2. DifferP.n~e in diastolic average ~ecween high 
and low no~tive man work days, controlling 
for initial level on low days. 

J. Dif:,,":ence in mean pressure average between 
f'!J.gh a.ttd low normative man work days, control­
ling for in~tlal level on low days. 

For the purposes of oredicting future health change, we also 
devised a series of summary b:ood pressure measures that average~ 
individual values for the day across three or more blood pressure 
studies. To obtain cha~acteristic and stable values for indivi­
duals, we eliminated the data for the men who had been studied 
only one or two t~~s. Further, we excluded data for the men 
receiving any antthyputensive medications. The eight :JUIIII!I4ry 

eeaaurea that were us~d as potential predictors of future heal~h 

1. Grand a•rerage of systolic average for the day. 
2. Grand average of diastolic average for the day. 
3. Grand average of sy4tolic maximum for the day. 
4. Grand average of diastolic maximum for the day. 
s. Grand average of systolic residual maximum fo~ the day. 
6. Grazrd average of diascolic re&idual maximum for the day. 
7. Grand aver•ge of systolic residual range for the day. 

) 
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Further discussion of the eignificance of our findings 
of blood pressure response to differences in work, in terms 
of its influence on development of health change can be 
found in Sec eion V. 
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Endocrine lfeasures at Wor~ 

Cortisol and growth hormone meae~rements, determined by radio­
immunoassay of blood"oamples taken While the men were at work showed that: 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

the controllers as a group were secreting more 
cortisol than other groups reported in the lilerature; 
there was considerable variability in cortisol 
secretion among and u·ithin individuals over time; 
cortisol response did not relate consistently to any 
~easur~s of work lo~d; 

there was a tenoencJ for m&xim.WD levels of cortisol 
to be higher while raen were on position; 
levels of cortisol were not relat~d to body weight, 
age, cigarette or coffee consumption; 
other factors thot may explain or relate to cortisol 
secretion are not yet known; 

only 2% to 3% of blood samples taken show.~ signifi­
cant levels of HCH Sf!cretion; 

m.sxwum HGII secretion during the day was not consis­tent W1thin individuals; 

10) 

maximuru IIG!i secretion for most men was so small as to 
be undetectable in moat analyses, confirming that 
moat men are not responsive in HGH a ........ ·etion to challenging tasks, 

characteristics asao~iated with the relatively few 
high HGH secretors were: lower weight, pulse rate and 
hlood pr~saure, less psychiatric oymptomatology 
(as measured by the PSS), less uae of physical 
actiVity &a a coping mechanism. 
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lOa Endocrine Meas~res at Work 

possible variableR that might be studied for their 
predict future health, we selected two endocrine mea­
had been suggested 1n the sci'!!ntific literature as 

respor1si.ve to stress - cortisol and growth hotmone (see Section 
We hypothesized that individual differences in these her­
responses, particularly with respect to workload, would be 

he&lth change. Our procedures f?r dete~1ning the 
these hormones secreted by the men, and the methods 

the data, are related below, together with the 

Over the course of the study, we collected blood for cortis~l 
growth horr~ne determinations during 1,156 participant-days. 

to the proced~re during measurement of blood pressure, 
observed the work the man was doing, noted his behavioc, and 
addition, before t.he start of the work c!ay, individuals filled 

the Profile of Mood States Questionnatre and at the end of 
day, the Subjective Difficulty Qu~stionna>re. They also noted 
nature of their sleep and any time off schedule in the past 

well as any change in sleep pattern. Aa a consequence 
di:ffolrE•nc:es in work schedules, 369 men, or 89% of our popula­

at least one day in which blood was withdrawn, 316 of 
men were studied 2 days, 243 men were studied 3 days, 

men were studied 4 days and 63 men were stl~ied 5 days. 

During eacn day of blood collection, a small non-thrombogenic 
otheto>r was tmplaced in the vein of each man's forearm, and this 
athet11r was atta~hed to a aigmamotor pump. permitting continuous 
••••c•:•o'n of blood. Five ml samples were collected every 20 

15 samples or 300 minutes of observation. 
f.,;'!-hour period of study began either at 0800, continuing 
1300, or at 1500, continuing to 2000. A total of 16,192 

of blood were withdrawn from the volunteers over the course 
study, and the same number of observations were made of work­

and behavior. 

Blood aamplaa were collected tn heparinized tubes, and within 
miDuteo of being c~llected, they were centrifuged and the plasma 
withdrawn &nd froz•n with dry ice. All tubeo to be uaed in a 

dky for an tndividual were labeled with a master lab~l iden­
by color coding as well as nU!IIerically. In addition, a label 

on the data sheet containing the obserJationa for that 
for ~h" day and another was placed in the maater log 

to t:-te name of tb~ man .,n wh011 t:ua: ••mplea t.·erc collected. An 
I.D. oyoc.- wao uoed in storing the blood sample•, as no attampt 
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'Was made to introduce secret I.O.s for the blood collect.ion pro­
cedure~ 'This was dif:ierent from the procedure used with blood 
pressure measurements. Becau$e of th~ potenti~lly sensitive 
nature of the blood pressure Oata~ a code procedure was used to 
mark the tapen on which t.he blood pressure readings \i«re recorded. 

The fro2.en plasma samples were kept stored in a freezer at 
tt.e field fadlity and then transported in batches to the labora­
tory at Boston University whe~·e they were stored in a specially 
designed freezer that maintained the temperature at -25°C. This 
'treezer was protected lvith dual compressors, as well as an awn.­
liary generator for power when the electricity wc1s interrupted. 
The freezer never defrosted during the course of the study, and 
no samples were thawed except those removed for analysis. 

Both cortisol and growth hormone were determined by radio­
immunoass,ay. Cort1.sol was s&:riprcd !rem the corticos~.eroid-binding 
globLlin (CCS) by adding 40 micrcliters of plasma to a methanol­
buraee buffer and heating for 30 minutes at 60"C. F tf ty micro­
liters of this ~ixture were then remaved and tTansfetred to assay 
tubes for binding. llo further chromatography or sep .. ration of 
cortisol was performed, as the antibody would provi~-e adequat_e 
specificity. A 1:2500 dilution of the antibody (m4de to cortisol 
hemisuc~l~ate-BSA c~njugate) was added to th~ tubes and incubated 
for three ~~ours at: room. temperature. Separation of bound and 
free cortisol from the antibody was accomplished by adding 250 
microliters oi saturated ammonium sulpha'e solution and centrifug­
ir.g at 3,000 rpm for 10 minutes. A 400 microliter aliquot was 
removed from each tul>e to a scintillation vial, 10 millUiter 
scintillation solution added, and counted t' 2% statistics. The 
standnrd curve was ~ae up In triplicate with values ranging from 
one to SO nanograms ~er 100 udlliliters with a sensitivity equi­
valent to detecting one nanogram per 100 milliliters. 

Nonspecific binding for atndard tubea ranged froa 4% to 6% 
and for the s:ompleo, 9% to 12%. '!:he "onapecific bincl1113 value vaa 
used to correct the coun(a in ctllculating the easple values froa 
tha s tand.ard <:t!.rve. 

There wac excellent reproducibility of the cortisol aoaay. 
TM coeffident of variation (standard deV1t<t1on over the uan " 
lOll) for dur>licates, or w1th1t1 asaay reproduction, wu 2.96%. 
Tha coefficient of variation ~atveen or aero .. •a••Y• waa 6.41%. 

Human growth hormone waa determined by double-antibody radio­
imaunoaaoay. S~plea ware aeterminad 1n dupl1eate, uaina 200 
•1crolitert of plasma in .. ch datarsittation. Purified growth hor­
•on. atandard waa provideri by Dr. A.P, Wilhalai froa the ~etional 
Pituitary Aa•~cy in the National Inatitut• of Arthrit1• aad Heta-

• 

• 

• 

) 



Diseases (N!A}ID) (Lot #16~2C). The 1125 growth hormone 
from Abbott and antisera that was used was pro-

in rabbits and u•ed at final dilution of 1:600,000 (v:v). 

The assay was carried out at room t~perature fo~ 24 hours, 
each tube containing ?.00 microliters of the saplt= plasza, 

0 vuv-Jc~,000 DPM of 112~-HGH, 50 microliters of growth hormone 
diluted with noi11Ull. rabbit sera-hUIIll\.,1 serum albumin-BP~ 

Separ;,tion of bound from free HGII was accomplished by 
of a 1:20 dilution of goat anti-rabbit g~ globulin 

for 20 hours at roo~ temperature. At this concen­
the percent binding equaled ~8.5 ± 2.7 percent (n ~ 30). 

Standards were made up in tr!plicate, with eight values rMng­
. from 0 to 32 nanogr"""' per milliliter in blenk pl~oSma, which 
assayed to contAin 0.25 nanogram& per milliliter. 

Sensitivity of the assay varied between 0.25 and O.S DQDO-
per milliliter, and the contribution from nonspecific Dind­

averaged between 3% anJ 5%. Correction was made for this in 
calculations. 

assJOy, reproducibili cy of the growth 
asoay was ~cellent. The coefficient of variation within 

(duplicates) ~Juale1 2.20% and betwe£n assays was 2.92%. 

The cortisol results for 1~,393 Vftluea are plotted in Figur~ 
kca\llle there wu amoe variability in the tima at which men 

bot~ morning and afternoon collectiona, ~r data coveTed 
0700 to 2040. Ihe resulting curve was aiJiilar to that 

1o the lite~ature ohowing tba clear diurnal trend both 
morning arol afternoon. Several t.hinge were noteworthy. 
the values were high in coa~ari.on witb those reported in 

The values averaged 5 to 7 ~g/100 ml than vuluea 
by other investigators using ~tantaneouo collections. 

in compArison with either values of integrated collections 
of t3atantcneoua collecticna, the controllers ••• ar~up 

~~:~:~;:' aigni£1c:antly more cortisol duriug the morning sad 
al than other aroupa reported in tho lite~uure. Tbua 
r~~~:::• no~var, wara largely pat1~tt• in boapital& or othara 
11 from our AIC group in that bl""d collactio• .. war• not 

th• other srcupa v.ra actively workin&. 

the e!fect of veaipunr.tura by comparin1 tba 110rn­
~1 .. ~f 214 men who w.r~ studied at both t1maa. 

vaa aoae variability in tha oxact tua& that people otarted, 
the .-plea collected during tba first hour, i.e., 

2•4 with those &aiOplea collected during the aecoud hour .,f •• 
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observation, i.e., samples ~7. Sample I was eliminated from 
this analysis as it was an instantaneous sample obtained when 
the catheter was first inserted and represented only the value 
of cortisol at that particular moment rather than the integrated 

·value over 20 minutes. In all ca.:1es the samples collected dur­
ing the first hour wet·e higher than the samples collected during 
the second hour with time of day held constant. These data sug­
aested, as was reported in the literature, that there was a 
vaQderate effect of venipuncture appare~lt in the first hour, prq,-

. an average increaa~ 1n cortisol from 1 to 2 ~g/100 ml. 

As noted, s~ples 2-15 were similar in that they represented 
obtained for an integrated 2Q-minute S·Dple, while the 

sample was an instantaneous value. Therefore, for all 
using cortisol results, we ~limir~ted the first sample. 

wanted to obtain a measure of daily cortisol for an in­
free of the influe~ce of venipuncture present duriP~ 
~our of sample co.llection. HoweVer~ hecause the veni­

~n.otu•re effect vas of reletively s=all value and was not a con­
across all individuals:, we also ct:ose another measur• which 
not eliminate values obtained during the first hour. 

Four measures were chosen to reflect cortisol secretion dur­
the day. The first measure was the total amount of cortisol 

the sum of all values for samples 2-15. Individuals 
less then ll samples for a day were dropped from the analy­
lesving a total of 1,106 man-days of studies. More than 90% 

men remaining in the analysis had all 15 samplaa dur~·g 
day they were studied. 

The second mP.ssure calculated for each nan-day wao related 
whether or not an e~isode waa observed. An episode began, by 

u~•••:•o~, with a value that exceeded the pr~vioua value by 2 ~g/ 
Thi• was a conservative eatia&ta as previous investigatora 
2 ~g/100 ml cutoff with 1i1stsntaneoua SUJtlu. llhen a 

~:~o<te sample differ• from G previoue 2D-m!nute aamp!e by 2 ~g. 
hly li~ly that --~etime duriDI that 2G-minute period, the 
may have L~craaaed by ao auch aa 6 or 8 ug/100 cl. £pi­

vera ~lcu!ated froa aa.plaa 5 to lS, aliainatina the firat 
acmplee ib order to !rae the analyoie of any influence of 

Aa epiaode ended when a auboequent uaple was eq..U 
or lover than tha """'Ple def 1n1ng the a tart of the· episode. 

The third measure of cortisol was the number of peakl that 
during the day, and these ranged from zero to three with 

••••roae of .• pproxilutely • ~ pealu for all &B!IIplaa oboerved. 

• 

• 

j 



285 

The fourth measure was the maximum value of cortisol observed 
either during the entire 5 hours or while a man was on position. 

Normalization of Cortisol Data 

0ne of our major goals in collecting the cortisol data was 
to be able to divide men into responders and non-responders accord­
ing to cortisol values. We planned to compare men in ter=s of the 
magnitude of cortisol response to varying workload over the numerous 
times we studied them. w~ were able to study 243 men on three dif­
ferent occasions during the three years they were in the study. 
Thus. 58% of the men could be assessed in terms of cortisol respon­
oivity using three days of data and 316 or 76% of the men could be 
~asesaed on the basis of two days of data. However. since men were 
;tudied both in the morning and the afternoon, it was essential that 
~e find a way to combine the results for these two periods of time. 
It is now well established that cortisol exhibits a very strong di­
•rnal trend, with values in the afterooon averaging approximat~ly 
4 to 5 ~g/100 ml lower. This effect is so strong t~at one finds a 
omsll but significant corr~lation between the exa~t time in which 
a study was started in the morning or afternoon and the total 
amount of cortisol f~r that day. I~ was therefore decided to com­
pare ev~ry cortisol value determined for each individual with the 
average of all cortisols observed for that exact period of time. 
Th~ individual value was thus oo~lized with respect to the aver­
age for that exact period of time of the day. A total of 13,480 
cortisol values· were used in 46 d~ff~rent time blocks to calculate 
normalized valuee. the resulto were expressed in terma of devia­
tion from 100 such that if the normalized value eqiUiled 100, it 
vaa equivalent to the· raw mean of that period of time. We there­
fore could combine morning and afternoon qiaits, controlling !or 
the different times during the day vhen plasma was collected for 
cortiaol dete~inatioa. 

Between Corr.iaol MeasureS 

The four measurement8 of cortiaol reaponaivity duricg the 
d&y "ere significantly correlated with one another' The average 
correlation between total area and peak •rea for viaita 1, 2 and 
3 ., ... 49, The avarase correlation b~tween total area and number 
of p .. ka vaa .29, and the average con:eletion between tile allllll:>er 
of puka and the peak area w.a .62. Kal<im.- cortisol also abovad 

average correlation of .84 vith total cortisol and • 50 vith 
peal< cortiaol. 

Despite the consiatency within a siven visit batwaen tha four 
.U.MU, .. of c~rtiaol reeponae, thare vas relatively lov reliability 

VSJOl.l:a. The only .aaura of cortisol reapon.., that' had a 
ato ... tft•·an·• betv .. en-viaita correlation vaa that for oormalhad 

.. 

) 

• 
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total cortisol. Neither peak-area nor numbe: of p~aks were con­
sistent betwe.en visits. The correlatior. of normalized t:otal area 
from visits 1 to 5 ranaed from a low of .23 to a high of .40 with 
an average correlation .across all 5 vi.Ri.ts of .29. However, the 
first visit did correlate .71 with th~ average of 3 visits, and 
visits that were closer to one another in tL~e were generally more 
highly correlated. Cortisol response on any sir~le visit was ob­
viously not a trait phenomenon, and it was the"Cefore decided to 
aver9ge the cortisol values to obtain a more stable or character­
istic value for each mao. 

Cortisol Responses as Predictors 

We dectded to include only those individuals who had at least 
three studies in th~ 1ield involving blood collection and for whom 
we had at least eleven of a total of fifteen possible samples dur­
ing the five hours they were studied. These criteria were ful­
filled by 231 men. As many of the~e same men hid been studied 
four or five t~es, the average number of studies performed on 
thea! men was 3.~, approachJng a more stable or valid picture of 
the cortisol responses at work for these subjects. 

We assessed three different measures of ~ortiSol response for 
these 231 aaen: average normalized total ..:.ort! HOI;: average normal­
ized peak cortisol; AVerage normalized maximum cortisol while on 
poaition. Table 95 divides the men into lov, middle and high groups 

. aDd translates the normalized values into raw cortir~l levels for 
AM and PM separately for total and max~um cortisol ~easures, and 

.FigureR shows high, middle and low groups throu~hout the day. As 
DOted, values tonded to be higher than reported in the literature, 
especially since these values represented a 20-minute average level 
rather than 1tt.atantaneous values. 

The table also transla~es total cortisol into an average value 
the AM or PM to facilitate comparieon with published data. This 
done by simply dividing total for AM or for rM b7 the average 

of samples (12). 

tt i~ apparent that there was considerable variation in aver­
daily cortisol output among the men studiod. The high AM group 

waa 13.9 to 21 ug/100 ml for tha five hours studied, which 
repr~tea.ts very considerable cortisol eocretory levels, as dooa the 

Pll&l"oup range from 10.2 to l7 ~g/100 ml. Similar varlation 
for .aximum cortisol on position vith impresatvely high 

seen for the hl~h AM and PM groups. Also, as indicated in 
Sand T, the difference• between high, middle and luv g~ups 

not due to differences 1n the rnsponae to venipuncture. Level& 
the first hour, and the slope of the curves do'not ditter 

,~u:ocam:q in Viaits 1, 2 and 3 as th~y would if the groups had 
responaea to '\renipunctul·e. 

i 
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TAJILE 95 

Average Total and Ha~imal Cortisol 
Across All Visl ts ::or Men ~Jho 

Add Three or More Studies 

Group Mean 

100 

231 

13.0 

9.4 

120 

16.5 

I 3. I 

Low Group 

77 ·95 

77 

8.7-11.9 

lt.l- 8.2 

88-112 

IO.J-15.8 

6.7·li.O 

Middle Group 

96-103 

77 

12.1-13.7 

8.6- 9.8 

113-l25 

IS. 8-17.8 

II. 6-13. I 
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Hi~'l Group 

104-140 

77 

13.9-21.8 

10.2-17.0 

126-180 

16.3-29.0 

13.5-25.1 

• 

• 

• • 

• , 
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FIGURE S 

HIGH VS. LOW CORTISOL RESPONDERS 
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The average tot3l, peak and maximum c~rtisol values for these 
231 men were studied as potential predictors or correlates of psy­
chological and physical health change. These studies are report~ 
in Section V. 

Cortisol L~vels and Workload 

Exter~ive analyses were performed to assess any relationship 
between cortisol and varioua measures o~ YOr-k (e.g., number of 
peak planes, rauge of· peak planes, time on position, etc.). Ini­
tiaVy each visit was studied separate'.J' and correlations were 
calculat~d between a man's cortisol rr~pons~s and various measures 
of workload. No consistent relationships across the thre~ visits 
were Eound between cortisol levels and various measures of work. 
Thir # -- • .!on&iatency reflected in turn the separate inconsistencips 
of each of the variables being correlated, i.e., men natther sh~d 
a conol~tent level of cortisol over time nor were they particularly 
cunaietent aerosa studies in the number of planes they <>ntrolled 
or the total tt.e spent on position. The nature of work performed 
is discussed in Sec tiou III B 7, Meaaureaaent of ATC Workload. 

In orde- to control for differet~ces Acro:as visit~, we also 
analyzed the relatioilship between work abd cortisol within a visit. 
Aa shown in Tab!e 96 the maximum cortisol ~lle on position was 
aignific•ntly higher than the value off position Zor all three 
visits. Off position included data poaition as well as being on 
break or assigned to ot:ter details for a short time. 011 position 
included radar, handoff, training, check code ...,nitot. A!~hoOJgh 
statistically highly signi~icant, the actual difference in corti­
ool levels betwtien on.versus off position averaged only five nor­
uli&ed unit• or approximately 1 11MlOO ml of co~tisol. however, 
aa 18 divcuased 1n the predictive sect~~a. ~ show.d aignificAr.tly 
differc~t re5ponsea to increased workload. 

Total c~rti.,l far the day, peak co~tiaol or ~er of secre­
tory epiaodea were r<>t significantly 1\.:.sher while on position than 
while off poaition. 

We also vere able to co~are men on two diff~rant vieits with 
respect to vuyi11g workload. We •"'l"etecl 90 whoar. wo"kload on one 
d&)' waa in the :i.ov'lst quarti'.e and on ai>Dther daly waa in th<'. hi!lh­
•t quartile. Ti>ia lll<!thod of selection 118Ximized the opportunity 
for obael'Viq any influence of chanaina wc.rkload <'D cortisol. The 
reaula are a.-rued in Table 97. Haimua c<>rtiao! was s!~nifi­
cantly highar duri"'! high workload. The difference in actual cor­
tiaol levela beew.en high ancl low workload days Vila 1.44 ug/100 1111. 
(7.10 nomal!n. unita). How.,;or, total cortisol or peak cort~aol 
,..re DOt significantly nigher on h1Sh worlcload days. 

J 
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292 TABLE 96 

Comparison of Cortisol levels When Workl~g 
On Posttton Versus Off Position 

~~~Cortisol Observed, Normalized (controlling) For Time Of Day 

Visit I 

On Position 

Off Position 

N • 227 

Visit 2 

120.71 

117 .2) 

Vi c. It 3 

120.JJ 

II 3.07 

Average Maximum On Position 119.60 

114.59 

Way Analysis of Varia:Jce 
Measures 

/ 

Off Position 

On vs. Off 

Gi ff 5.01 

F • )8,51 
(df 2 ,226) 

p < .0001 

• 

• 
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TABLE 97 

Comparison Of ~aximum Cortisol Response In ~n 
Dur~og Very Rtgh And Very tow WOrkload 

N • 90 

293 

Highest Quartile 
Workload 

Lowest Quart lie 
Workload Dl fference 

Maxinum Cart isol 
(Norma II zed) 125.54 118.34 7.20 

Onb-way Analysis of Variance for Repeated ~easures 

F - 4. 52 p <.05 
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We were surprised that cortisol levels were not more directly 
to workload. Several qualifiers must be addP.d to this 
We have focused our efforts primarily at whoLe day analy­

with the exc~otion of comparing on versus off·podition within 
visit. The.~. .... annlyr3(!& riid support the concluaion that 

11XIao111 levels were higher while working. However, the effect t:as 
large. We were not Rbie within our report deadline to analy~e 
caref,tlly withi·l a day, for e%a11ple, whether or not: cortitlo)l 

following a major rise in traffic. We also were not able to 
for mood at tha beginning of work, amount of sleep in re­

:~iabts, or aubj ect;lve responses to the day 1 s ..,orlc.. tleverthe-
a rather un~pected finding emerged and is discussed under 

lf~~ic:~o,rs of mild and moderate illness. ~en who consistently 
~~ co~tisol responses to work bad significantly more ill­

than those with middle or high cortigol levels. 

In ~UIIIIII&ry, it is apparP.nt that on the average our participant.• 
very substantial differences among themselve4 with respect 

daily cortisul, peak cortisol and maximum cortisol levels 
working. Levels of cortisol wete not related to body weight, 

cisarette or coffee consumption. We found that there was a 
endenc:y for maximum levels to be higher while men were on position. 

respc~es ac work as a possible predictor of health change 
oxamioed by comparing the freque~~Y of illness saong those 
low, middle and high cortisol levels when we studied them at 

This campa<ison is reported in S2etion v. 

A'.~ blood samples from the first and •~eond rounds of blood 
in the field were also analyred for their growth bar­

content, using the labor1tury methods already described. In 
first round of studies, 368 men rartioipated, yielding a total 

S,349 blood samples whose I!GH content was determined. In the 
rou~d of 1tudiea 299 men participated for a five-hour day, 

blond samples taken every 20 minutes. A. total of 4,361 o! 
samples were analyzed for HGH content. As the sensitivity 

the laboratory usays varied, but waa aasurt:d at the tvo nano­
per milliliter lzvel, we decided to consider all HCH valueo 

or below 2 11111/"l u a aingle category. In tbia way, we avotded 
poaaible errors introduced in attempting to ciatinguiah between 
email, clinical urimportan~ levels of HGH. For aany of the 

horMOne data analyeea, fo~r levela of secretory activity were 
... ,,H<Ad 0 to 2 ng/ml, 2.1 to 4.9 ng/ml, 5.0 to 9.9 ng/;el, and 

or gr~ter na/ml. 

Tha dt.tribution of grOt<th hor1!X>ne level& for all plaiiiU an­
of visits on~ and twO are displayed in the table beJov: 

l 
I' 
I 

l. 

j 
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Distribution of IIGH Levels for All Uasma Samples of Visits 1 and 2 

Yilli. Less than 2.0 2.1 to t,.~ 5.0 to 9.9 10.0 plus 

1 91.1% 6.2% 2.0% 0.8% 

2 93.>% 3.8% J..8% 0.5% 

It can be readily seen that the vast maj~rity of blood samples 
f!Ontained minimal or even undetectable levels .. ,f growth hormone. 
Only 2% to 3% of all samples al~ed levels of 5.0 ng/ml or greater, 
the threshold commonly used in the growth harmon~ literature to 
indicate a significant level of secretion. 

The following table shows the waximum level of ~rowth hormone 
experienced by the aen in the course of a study day: 

Percent oi Hen at JL1fferent Levels of Maximum Daily HCH .Secret ion 

.Y!.!ll Less than z.r 2.1 to 4.9 :_ 9 to 9.9 .!2:.. <!...:2!::!! 
1 (368 men) 60.1% 22.8% 11.3% S.7: 

2 (299 men) 68.6% 16.4% 10.9% 4.0% 

Although 90% of the growth hormone samples had concentratiouo 
of 2.0 ng/ml or less, only 60% to 70% of the men completed an en­
tire five-hour shift wit!~ut having a value above that level. 
There was .. lao a tendency for higher IICH values on Round l than 
on Round 2. T~i• wao consistent with the hypothesis that antici­
pated pain or. discomfort, or simply the n<>Vdty of rhe initial day 
of blood sampling created atre•ses that ~, have raised HGH levels. 

Catheterization Effect 

To examine for the pouibility of a ~atheterizatl.on effect, 
all samples collected were sorted by their ordinal pcaition during 
the day for e4Ch man studied. Thu~, r"1!ardleu of the time of day 
when the catheter waa inoerted, the first sample was l~beled 11 and 
the sample drawn one hour later, #4. tor the entire first round of 
atudies only 3.8% of the saspl•• had a HGH level greater than 4.0 
118/ml. Hot~ever, for UL'tplea 3 through 7 of the 15 ... mplea dra"" 
on aach man during ilia first day, the percentase.of values greater 
truL~ 4.0 ranged from 6.1% to 8.5%, the latter b~ins the frequency 
of elevated readings on sample 5. It should b~ noted that the third 
umple vas gatherod 40 Jllinuto<a after· irulertion of the catheter and 
r,present& a moving average of HCR level• from th• period 21 to 40 
ainutea after cath•terization. Or~y 3.6% of the blood oampla. re­
preaenting the accumulation from l to 20 lllinuua att,er catheteriza­
tion were greater than '· 0 ng/ml. l/h&t h aurpridng ia that the 

• 

• 

• 
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lev~l of modest and higher- elevations in UGH continued through 
the 7th sample which r~presented blood gradyally gathered from 
101 to 120 minutes after insertion of the ~atheter. It would 
seea:., therefore, that if in fact these elevations represented 
a catheterization ef feet, the reg·ponaivenesc oi the growth hor­
mone system il) must have raken at least lO minutes, (2) was 
hignly variable from subject to subject and (3) occurred in only 
a minority of all subj ~cts undergoing this proct:!dure. TI1is ele­
vated frequency of higher growth hormone levels fr~ 21 to 120 
•inutea atter cathererization observed for visit 1 did not repli­
cate in visit 2. For this visit only 2.8% of. all sample• bad HGH 
concentration• greater i:han 4. 0 _ng/ral, and the highest percentage" 
~ng th~ five samples 3 through 7 were 3.6% and 3.7%. The two 
ordinal sample numbers having the highest percentages of HCH 

' great~r than ~. 0 ng/ml were samplu 110 and llS which occurred 
toward the end of the day. This leaves the question of wheth•r 

, or not UGH is not'lllally ele,·ated as a function of a cathetetizati.>n 
,effect with rather equivocal results. The modest, occ .. ional, 
•••ewhat delayed set of elevations during visit 1, which might 
be construed as a catheterization effect, clearly did not rapli­

in visit 2. 

next issue we investigated was whether or not there was 
diurnal effect on HG~ aecrecion, such as ~hat consistently ob­

for cortiSol. it was necessary to control for visit numb~r 
order to teat the differen:e between morning ~d afternoon, 

~ ... ~h aa it has been shown that first visit HGH values tended 
be higher than those at the second via1L. We therefore aalected 
groups of m~n: those whose first st~y waa during a morning 
1ecoLd study w•~ during an aicernoon, and th• aecond group 

firet study w!a during an aftecnoor and whose second study 
du<ing th• morning. For each of El,esa IIIAin ln the twO &roupa, 
levels w"re plotted by time of day according to the • .,.. 2D-

1nterval• at w:ticll blood wa• gathered. Figura u ahow• the 
of total samples drawn at each 2o-minute period with HCH 

of S.O ng/ml or sreater. 

~ followinr inference• can be dr~wn froa the iraph: (~) 
high valuu of HGI! were observll<l in the afternoon thaa in 

UQrnina; (2) there were no trerda hour-by-hour within the 
or within tha afternoon; (3) for the two group• ••lact~ 

def:l.nitiona, visit """"'er wu not iaportAUt. The pre­
observed 11 via1t effect" Quat. have cOMe froa peraona wbo 

otudied in the afternoon on both daya or in the mornin& on 
daya or thoae who had only one study aud refused part1cfpat1on 

day•; ~nd, (4) theae twO groupo dif~er~ 14 total paten­
of IIGH •ecretion, 1n that the group vboa" tint study waa in 
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the afternoon .:Jnd second study w.'\s in the morning tended to have 
· lllC're high HGH secreti?n& no m:J.tler what time of day they were 

stu:ditt.d. ThiB may have been either a random phenomenon, 11 the luck 
of the draw," or it may hav~ been due to Home self-selective pro­

.cesa related to who was willir.a to have their flrst study performed 
! during a given shift. 

Consistency of HGH Responsivity OVer Time 

Old the men who obowed HGH apikr• during the first day of 
1tudy, also la~o.·.,e tile aame aeeretory pattern on other days? HCH aa­

.aaya are time concua1n& And cxpenaive and therefore were performed 
on blood oamples of field vi•1t dayo 1 and 2, with a small 

analyaia from ~ioit 3, described later. Two hundred 
ninety-nine men had co~letad HCH data for 2 study days. Table 

98 showa the conaiat:ency of the II&XiJaUII value for these men on e .. ch 
of these two days, It ·•ill be noted that conaiatency ,,I very low 
•nd that the III&XiftUII r~''for molt •n on molt day• ia ao close 
LO zero as to be undat.C~• 1n moat lab analyaea. Even for the 
i5 aen who had one or 110re'HGH valuea between 5.0 and 9.9 ng/ml on 
tl~ first atudy day, G~ had all values leas than 2.0 on the second 
atudy day. Only for the 17 men with a value of 10.0 na/ml or 
areater on the firot day did a mAJority also have at least a 5.0 
na/ ml secretion oo the second day~ The 59 m..n who h•d at least 
one HGH value of 5.0 ng/ml or greater on one (but not bot!>) of th~ 
t110"8tudy days were check-!d to s~e what their ser:retory pattern wa1 
on their third study day, 1f in fact a third dav's blood aamples 
~ been drawn. Complete seta of frozen plasma samples from the 

atudy day w~re located for 54 of the 59 men who had on one 
occasion showed one or more samples with HGH levels of 5,0 ng/ml 
Clr gre•ter. Of these 54 • only S had one or morct •asp lea again a·t 
that eleveted H;H level for the third day, Thio relaUvaly low 
yield again underscored the atrong tendency for usual day-time 
levels of HGH activity to remain very low 1n moat.persona moot of 
tho .~ deopite mentally d~nding taaka. The finding alao under~ 

.scored the low cone1atency of rtlponae patterns on different study 
day a. 

Correlate& of Elevated HGH Secr«ti~n 

Th'l. nut ru.jor aet of analyse• concerned the aearcn for char­
aceeriotica of thoae peraona ohovina the potential for •~cretory 
bun to of l!GH. To thooe 19 men who had IIGH value& of S. 0 ns/•1 or 
10re on both ot the first two otudy days, we added the S men aJIOng 
the 54 who .. third study day pla.maa were analy&ad and who thua 
qusUC!.ed aa having one or 1110re hi&h llGH levalo on two of three 
dayo. Tbio high oeerotocy group (N • 24) wao then compared with 
131 un who hAd no valuu ue .. dina 2.0 ng/ml for the first dayo, 
Unety men vho had ono or aore values groat•r than 2.0 na/ml but 
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TABLE 98 

Hyman r,rgwtb Hormone 

Conslot<'ncy of Haxlm ... Va}ue on Two St;,!!dy Days 

~lth Fifteen Blood Samples Analyzed Each Day 

Haxlmum HGH Value (In nanograms) 
Second Day 

299 

~2.0 2.1 - ~.9 5.0 - 9.9 10.0+ Total 

u 
" .. > ,.., 

''"~ .., 
:z:u 

-~ 

z.o 

-2.1-4.9 

s.o-9.9 

10.0+ 

TOTAL 

• Number of Han 

131* 
7).6:j; ... 

46 
66.7% 

21 
60,0% 

7 
41.U 

205 

31 14 2 178 
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less than 5.0 ng/ml on either of the two days, and 54 men who had 
a value of 5.0 ng/ml on only one of the three days for which data 
~ere available for them. 

A substantial number of physical exam findings were associated 
with the tendency to have at least occasional !ecrctory episodes of 
HGH during waking hours. The 24 high secretors were substantially 
lower in weight at intake than the rest of the mene Their average 
~eight was 170 pounds compared with 183 pounds for the entire group 
participAting in field studie~ (P • .02). Their pulse rates were 
al9o considerably lower at ~8 bpm vs. 72.3 bpM for the entire group 
(P • .02). They also were closer to ideal weight, being only 2% 
overweight, whereas the 131 men who never had a measu~able elevated 
HGH averaged 12% overweight (P • .007). These same fin~ings were 
replicated at the second round physical examination and in addition, 
testing casual blood pressures were studied and found to be lower 
in the HCH secretors. This group had average blood pressures, 
l24/86, whereas the nonsecreting group ~~ presRures of 130/90. 
The systolic blood pressur9 difference was marginally significant, 
(P -. • 07), while the diastolic blood pre.,ure difference was clearly 
si&nificant (P • .02). 

Psyc' .. ,osocial Correlates of Elevated HGH Secretion 

Several psychosocial characteris~ics cf the various HGH secre­
tion groups were also iound to be of marginal or clea:- significance. 
For most analyse~ of variance, the bulk of the F statistic for sig­
nificance came from the distinction between the high secretor& 
(N • 24) and the other three groups with varying levels of low HGH. 
The men with demonstrated capacity for hi~h growth hormune a~cr~tions 
ohowed leas pathology on the PSS aL Rouna 2. They had no instances 
of oignificant alcohol abuse (P • .04) 11nd no insunces of serious. 
work role impai~ent (P • .06). Nevertheless, they teoded to show 
somewhat more deprea~ion on the POHS at !ntaka lnto the study (P • .04). 

Hen with higher HCR secretions tended to report more life changes 
at the Round 2 exa:ninationa. Thia only reached significance for the 
aelf-ratings of how distressing these changes had been (P • .OJ). 
The high aecrecors also vwre the !east likely to use physical acti­
vitiea as a coping .. chanism (P • .03). A number of other findings 
vera statistically oignificant or marsinally oo, but soma of these 
repr81ented curvilinear association& which vere e~un.tially uointar­
protable. 

In &UIIIIIary, men in this atudy who were HGR responders tended to 
be close to ideal weight, to have somewhat lower pulse ratea and 
blood pre~eurea, to show more de?reaaion, and to be more di1treased 
by their recent life chl\ng... Dupite this ttindency to emotional 

q 



• 

301 

sensitivity. they did not let-the~e unpleasant affects lnterfer~ 
with their work role p~rfncwance or lead them into alcohol abuse 
problem&. 

• 
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SL'MiiARY 

Special Interview Ratings of Inves~ent, Coping and Burnout 

On the basis of answers to questio!ls regarding the ATCs' invest_; 
ment in their occupational identity, their methods of coping with 
heavy workdays and their assesscent of their possi~ility of 
burning out, two psychologist interviewers provided ratings f 'H:: 
each ATC on these dimensions. 

It was found that most men were highly invested in their ATC 
identity and were coping moderately well with heavy days. Less 
than 5% were rated at very high lev~ls of burnout. 

The interviewer ratings tapped so~ewhat different facets of the 
investment acd coping constructs than the self-ratings and pro­
vided an evaluation of these aspects. 

) 
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11. Special Interview Ratings of l11vestment, Coping and 
Burnout 

30) 

Because a large number of our ~sychological predictor vari­
ables were self-reports, we added a spe~ial series of interviewer­
rated characteristics. These characteristics were: investment 
in the ATC identity, coping with the stresses of the job, coping 
with very heavy workdays, coping with training duties, overall 
coping, and. overall burnout. In eacl1 area a k.a:Y question or two 
was asked, and then the interviewer followed up responses to 

. clar:tfy his clinical impression of the rating to be made. 

The interview and ratings w~re made by the psychologist who 
·administered the PSS to an t.·ic. The two psychologists who made 
all of these ratings, Or. Th<mas Hefele and Dr. Michael Hurst, 
conducted 20 interviews together and made separate ra~ings. The 
inter-rater reliability was over .90 and ratings differed by no 

than plus or minus one unit on a scale from one to seven. 

Two questions were used to develop a clinical sense of invest-
• Controllers were asked how important it was to them person­
to be an ATC. Their answers were rated from one (not at all 

~><l:ao1t to seven (egtremely importan~). A large percentage 
that it was very important b~cause of the money and the 

but we inquired further to determine whether their rea­
were purely pragmatLc, producing lower ratings, or whether 
involverl the controller 1 s sense of who he w~.s as a person • 

in higher ratings. 

For the second invesoaent question, we asked the controller 
provide six words .;hat would help answer the question, 11\lho 
1?11 the words were recorded in their exact order of present­

If an ATC failed to mention tht! word "controller,. or 
he would put it among the six he presented. 

interviewers then considered the importance a subject 
to being an AIC and the rank order of his placement of 

in r£.aponse to the question 1 'Vho aa I?" A high rating 
&iven if the importance was high and "ATC" was the fitot 

word U. the list of six. A low rating waa given if 
f.apartance was low and "ATC" was •ntioned last or noe at 

Hiddle rating~ were given for responses between these 

The coping ratings vere based on th~ res~onaes to three 
quer.tiona t followed up with whatever questions the 1nte.r­

conaLdered necessary to make the rating with confidonce. 
questio\14 were: 
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1. How do you handle the stresses of t.he job? 

2. What do you do w::.en you have a very heavy day? 

3. How do you handle training duties1 

'ihe interviewers made a rating froa one ("no ·oping mech­
anisms") to seven c•very effective mechanism") for each of 
these qucstjons. High ratings were given for active, problem­
sOlving and effective approaches. Low ratings were given for 
drug use, explosive behavior. and no problem-solving activity. 
For example, a high rating would be accorded to someone who 
did something relaxing during a break, and a low rating would 
be given to someone who obsessed over a difficulty. Similarly, 
one who would take a walk and work out ~he difficulty was 
given a high rating whereas one who tri~ to avoid thinking 
about tte problem because he would get upset was given a low 
rat:lng. TI1e main criterion used to make ratings was whether 
or ·:ot the coping activities were goal-orientea, effective, 
and healthy behavior. 

The three coping r&tings then were used ao the basis for 
as~igning an· ov~rall coping rating. Again the rating was 
from one to seven and· was a total clinical assessment combin­
ing all the information obtained from lead-in and follow-up 
questions. 

Four general questions w2re used to prov~de A basis for 
making a burnout rating: 

1. When things are starting to go "down 
the pipe" for you, how do you react? 

2. Do you find yourself worryiRK about 
your controlling abillty when this 
happens? 

). Do you lllq>ect to laat until normal 
retirement age? 

4. If not, why not? 

these questions, the interviewers eonce~rated on com­
past behavi~rc and expectations with present ones. 

got more upset in the present than in the paot, who 
expect to last until retirement, and ~,ho anticipa.ted 

difficulties were given high burnout rat­
with "seven" the highest burnout ratina and '.'on•" ~lte 
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lowest. M.en who were '".alaaer, lrore coniidenc, and hopf'ful 
about working to retirement we4e gJven low burnout rEtcings. 

TaOle 99 displays the distribution ot ratings for each 
area assessed by the clinical inrervi~wers. Mo~t men werP 
highly invested in th~ ATC Jdentity in the personal psycho­
logical sense. Only 16:;: had very low investvlent. The majo­
rity of men were ratP.d in the mod~rate range ~n the r.oping 
indices with only 9~ to 15: rated very highly. Finally, leo• 
than 5% were rated at very high levels of burnoat. 

Table 100 displays the correlations oi the interviewer 
rcttings With the ID.Cist similar. !ielf-rat~ sca.1.~s from the ATC 
Questionnaire. Interviewer ratings of investment w~re only 
slightly r~lated to self-ratings, indicating very little over­
lap betwePn the two. Bl_trnout ratift6s werP highly related to 
the bo•.l:tCcback-hur~out self-rat~d factor, suggesting that a.n 
external ev~luatc· : s assessment can be quite similar to an 
individual's own aso;essment of burnout. The inter~.rtewer­
rated copi~g variables had little or no relati~nship to ~n 
individual's owt. ;·acing of huW' effective his cop ina mechanisms were. 

305 

Since the investment and coping factors were multi-d13enaional, 
the interviewer ratings provided ir.dependent evaluations of some 
dimensions that were diff~rent from thoee aelf-report~d. The 
lack of correlation becween self-reports and interviewer ratings 
of these factou was therefore understandable nnd the comparative 
Utility of the interviewer-rating• and self-ratings can be evalu­
ated from our predictive findings reporte~ !n Section V. l 
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TABLE 99 

Distributions Of l~terview Ratings 
Of I nves cmen t, Coping, A11d. Burnout At Intake ' 

% Of ATCs Rated At Each Leve I 
Very Low Moderate Very High Number ve: I - 2 3 - 5 6 - 7 ~d-

16.2% 39.0% ~4.8~ 415 

• • 32.8% 56.7% 10.5% 411 

•' 

26.8% 56.6% 16.6% 415 

) 
26.0% 64.3% 9.7% 415 

21.n 69.n 9.1% 415 

65. 1% 20.)% 4.6% ~15 

i l 
I . ' 
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Correlations Between lntervl~wer And Self-Rated 
Investment, Coping Effectiveness And Burnout* 

Correlation 
wl th 

. I 0 
( p4 .05 

-.62 
( p< .0001 

wl th stress on the job .05~.,.--
TN.s.) 

with training 

.09 
( N.S.) 

.08 
( N. S.) 

.08 
I N. s.) 

Self-rated scale on the 
ATC Questionnaire 

Investment Factor 

Bounceback (High)­
Burnout (Low) Factor 

Coping effectiveness scale 

Coping effecti·:eneu scale 

Coping effectiveness scale 

Coping effectiveness scale 

with all tneasures used to compute correlations. 
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I 
I 

) 



I 

308 

St;lfHARY 

Methods of ~easurement 

The data collection system devtsed to ascertain health changes 
included the following: 

l) Health History form 
2) ~onthly self-reports via a checklist of symptoms 

mailed ~o tha ATC and back (The Monthly Health Review) 
3) Monthly self··report of anxiety and depression via 

a checklist of syt::~ptoms (Zung Anxiety and Depression 
Scales) 

4) Physical examinations by a physician at arproxi~ate 
9-month intervals at Boston University Medical Center 

5-) Psychological exa.minl!tions during the sar.:ae visits to 
Basten University Ucdical Center by t1<1o psych.ologists 

6) Audiological examination at Roston University Medioal 
Center 

7) Laboratory tests (blood chemistry. urinalysis) 
~) Serologic tests for syphilis 
9) x-rays ?f the chest 

10) Electrocardiogram 
ll) Tests of puloonary function. 
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The ~ssential central consideration for the Air Traffic Con­
Health Change Study (ATC HCS), or any Qther project in­
the continuing surveillance of health states, was the 

of a 3ystem for ascertaining the full gamut of 111-
injuri~s during th~ surveillance. Many longitudinal 
the health of industrial groups have been performed, 
expected that we would be able to select from a~ng 

weu··eat.'blished health reporting syst<!OlS on one which 
suited to ~his project. A sufficiently comprehensive 

ascertainment systeQ with established validity was not 
but w~ were able to profit by prior vork in our efforts 

le such a system for this study. This section describes 
ge11eral approach to this task. indic~ting some weaknesses and 

to be avoid~d. Later sections describe in detail each 
several comp~nents of o~r !inal health ascertainment sys-

change" is indeed a broad concept." lt includes 
p\Jsitive as w~ll as a negati\·e natur~. In view of 
gooa health enjoyed by all of the ATC HCS partici­

beginning of our project, and taking int~ account 
of ~~~Asis usually present in the medical model 
and treatlnetl.t, our study concentrated on negative 

changes rather than positive one~. 

determination of s. change from a "healthy" or "normal 
1a qu!te simple for clearcut instances of serious di8ease 

The task of determining a change from a healthy &tate 
problematic, however, When one attempts to include 

range of human ills, particularly m.inor condi ttono, 

condltions are consid~red illness or diseases and 
considered merely \'&riations of the "normal state" is~ 

4nalys1s, determined by society. Different social 
in what they cons:.:!~,.. to be illness. This holds, not 

cultures, but also within our oWn aociet.y wh~re 
ooeial classes and ~he t>1<> suu differ eharply in what 
they consider .to be "symptoma of disease" and what cir­
le.d th~ cu take sick leave or to consult a doctor. 

IIIIIU!t>cng a vat'iety t)f sources, including .the work of tha 
Cent~r fer Health Statistics of the Department of H~alth, 

And llelfare (US DUEll, PHS Publication llo. 1000, !lay, 
Qtudy team defined negative health change aa any cond1-
cne or ~re of the following characteristics: 

• 
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(a) it creates unequivocal sustaine~ p~in or d!scowfort 
to the subject; 

(b) it causes "· loss of ability to perform one's usual 
activities for a day ·or more; 

(c) it is d•te~ned by medical examination or laborA­
tory test to pose a threat for the futurv continued 
well-being and normal functioning of the subject. 

If the deleterious healt~ change was attributs.~ie to an iden­
tified physical insult, whether the agent was mechanical, thermal 

chemical, the health cl•ange was termed an injury. Otherwise, 
was termed an illness. 

issue of distinguishing between true illness .nd complaint 
~~::~lc:~r~:~:t~c:~r:!itical one for any study of health ch<onge. Th·• 
l< e would be to be able to diagnose disea&• completely 

of v~rbal report of the study subject. This can only 
for a few conditions, such as hypertension. ior the great 

a1or1<:v of genuine health changes, however, verbal report by the 
subject plays an essential part in the diagnod1s. The larger 

played by ~ore objective findings from medical e~amination 
the more convincing :h~ diagno&is deciR!on. Never­

even if no objective findin~~ are possible, if thP. com­
behavior leads to assuming the "sick role" with its atten-

reduction in occupational and social functi.:>nins, ·we must con­
that we are dealing with gen:tine disease in the hiatori~ ar.d 
definition of the term. The only queotion remaining is 

the disease is somati.c, psychosomatic, or UJO!:'e purely cmo­
For these reasons, as well aa the consequence of our cri~ 
disease (above), we incb>ded as health change& not cnly 

disorders, but poychiatric disorders as well, providing 
created unequivoc:~l auata.:ic.ed pain or diacca:fort, or 

loaa of usual function, or posed a th~eat to the future 
of the subject. Our range of procedure:• for &scertain­
change waa constructed to br appropriately broad to 

this full range of for~• of patholo:y. 

designed for aacertaining health changea in the 
the following attributaa: it relied both upon frequent 
Rnd periodic in-depth .xaainat!on by a physician and 

it employed laboratory testa to detect oub~ltnical 
somatic health and, tn like manner, used quantified 

o<VIl><:•• procedures to determine oubclinical chanaea ih eao­
aocial adjustment; ·it probed ayatematiClllly for indica­

physical illneao, lnjuriea and eDOtional proble.a; it 
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screened monthly in a superf'icial manner for the more <.ommon signs 
and Si~ptoma of health chane~ in order to insure relatively com­
plete detection of tho•c conditions which were mild and of short 
duration. and hence, likely to be forgotten after a month or more; 
it examined at nine-~nth intervals !or more &erious or chronic 
conditinns. This schedule represt!nted an optimum so1ution to 
three different needa: the need to mon!.tor health change closely, 
to keep examination costs within feas!ble limits and to maintain 
participant motivation to continue in the project. The balancing 
of frequency and depth of data collection on health change was 
guided by research from the National Center for Healtb Statistics. 
Reports from llC!IS showed that the relative volume of illness re­
ported per unit of time declined as the length of recall period 
inc"eased. One study found that in sample of persons known from 
physician's office data to have v1sited the doctor. within a two­
week period, 36% of doctor's visits failed to be reported to survey 
interviewers, even though other relatively sensj.tive health Cata 
were often VQlunteered. More serious medical events had a higher 
probability of being recalled over lunger periods (US DHEW, National 
Center for Health Statsitics, Series 2, No. 7, July, 1965). Although 
weekly or biweekly reporting by mailed questionnaire would have 
been desirable in the ATC HCS from the point of vi.>w of reducing 
forgetting, it was decided that a reque:st for .PJIOre frequent compre­
hensive reports would probably lead to greater· subject resistance 
to the study, and thus, to more carelessness in reporting and a 
greater failur" to respond. Similarly~ the scheduling of the com­
prehensive physician examinations was derived by balancing the costs 
of repeated examinations, the yield of newly discovered cv~nts a& 
a functlon of interval, tlu! desire to Nintair. high rates of coop-
eration, and the likelihood of failing to discover important if 
transient health changes if the interval between examinations were 

• too long. 

The data collection procedures whicb comprised the system for 
illness Rnd inJuries in the ATC HCS are listed in Table 

The table specifies what data were collected eech mouth, 
collected at periodic medical examinations, and t~ose special 

!OUretl& of information sought out at irregular t.ttervala from has­
doctors, and other aourceta when ;:artic.ipanta wave indication 

l•••oalJly through the Honth!.y Health lteview) that they had in all 
incurred a health change and hsd consulted one of these 

The non-copyrighted dat~-gathering instruments lia:ed in Table 
are appended as Exhibits to this report. A brief description 

. •eh follows: 
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2. Physical 
Examin.ation 

3. Psychi•trlc 
Interview 

~. Hulth 
Check! ist 

s. 1'\ood Checki ist 

6. Physician and 
Hos~ital Reports 

]. Special Dlogoostlc 
Tests & Consul t•tions 

8. Sleep 
Quest lonna Ire 

9. !lea doc he 
Questionnaire 

~--

P•st medical history 
Famll~ history 
Smoking, eating, drinking habits, 
med[~ations, and review of systems 

Physical findings, SP 
Timed vital capacity 
EJC:G 
Chest films 
Urinalysis, CBC, £SR 
Serology 
Audiological examination 

Psychl5trlc Status Schedule 

Physical signs and symptoms as 
epf *odes, contlnu·ing problems, 
or Isolated event~ 
Accidents and Injuries 
Da~s lost from work and days below pdr 
Visits to physician or hospitalization 

~ 

X 

X 

X 
X 
X 
X 
X 
X 

X 

zung anxiety and depression que~tionnalres 

Records of Illnesses, diagnoses 

As requlr~d to make dia;ncifs 

Characteristics of sleep complaints 

Characteristics of headache cumpl~ints 

...._ 

~ X X 

X X ~ 

X X X 
X 
X 

X X X 
X 
X 

X X X 

X 

X 

X 
X 
X 
X 
X 
X 

X 
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Review of Health History 

Us••ally, the first task facing each ATC participant at each 
of his five examination visits at nine-month intervals to Boston 
University Medical Center was to complete this comprehensive 
health history form. Early 1o the study the questions were dis­
played and t·esponau made at a computer video terminal. Lat£:T, 
however, it was found more efficient for the part~cipsnt to fill 
out a prLtted form and take this with him to the ioterniot at the 
time of his physical examination. This permitted immediate re­
view by the internist of all replies, questions a~out uncertain 
points, and greaLer emphasis on certain rarta ·of the physical 
examination and meJical hiscoty guided by positive answers on the 
health history form. After the participant's visit, the health 
history, as clarified by discussion with the internist, was en­
tered into computer files, enciphered, and added to the rest of 
the participant's health data. The health history conaiated of 
a 12-page fora which dealt with the following categorieo of data 
io oequence: his own and his family history of major diseases 
(after the intake round, only changes in this family history were 
recorded), smoking history, regularity of ~ala, consumption of 
caffetnated beverages, ale£? patterns, une of "over the ~ounter" 
and prescription medications, a symptoms checkljst reviewing the 
followir~ systems: orhths~ic, otolaryngologic, respiratory, 
cardiovascular, gastrointe::ltinal, musculoukelatal, r.enit01Jrinf'ry, 
hematolcgic, endccrine, ctermatologic, ~nd neurologic, allergies, 
expaaure to toxic aubalancea, and surgical interventions. 

these data were storeJ on co~uteY tape and were used 1n a 
number of analyo~s dealing with later development of aymptoma in 
various o~gan systems. The tbility oi the data to predict later 
h~alth change was also analyz*d• ~. were particularly intereated 
in the developme:lt c-f re•piratory, g£atrointeat1nal, ar:i cardio­
vascular conditions -- the categ~r1ea which have proved to be 
moat frequently involved in the health chang~• in this otudy popu­
lation. n\e main ~diate use of thesa data, ~wever, vaa to 
help the physician . to gather a c0111prehenaive pr::.,..ry and i~tterval 
medical hislory, to eugg .. t the need for mor• opecific nun-toutine 
diagno$tic procAdurea, and to aaaist in makina diagoo~eu. Di~3-
ooeea of medical conditione derived froa t~ia data-gatherin& tn­
etrument, aa well aa &11 othera, vera record~d on diagnoatic health 
change forma by the physician and entered into a separate CQD?ut~r 
file. The fact that th• M.olth history contributed data to the 
aaking of the diagnoeis 1a recordad where &pplicab!.e on the diag­
noatic aummar,. lhe protocol• and prcceduroa !or the diagnonia of 
healrh change are ducribed in nctiona of (ha report to follou, 
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Phys1cal Fxamination 

The Physical examination made at nine-month 1nterv3ls was 
guided by au extremely detailed checklist foru wl<ich reviewed ~9 
systems of anatomy and physiologic !unction in a sequence compat­
ible with the usual thorough medical ex~ination. All systems 
were examined at the initial and final visitst the third visi~ 
omitted rectal ex~Jnation; th~ bri~fer Round 2 and Round 4 exam­
inations inclu·ied nnly heart, lungs and abdom-en, in addit10l1 to 
recording vital statiatics- Po.:itive findings were checked on 
the pre-coded forma, or o~casionally, for 1.musual ftnrlings, WTit­
ten 111 space provided. These data W'ere th~n e..'ltered into parti­
Cipants' files in terms of a poesiLle voLaUulary of over 90V 
six-digit entries, each •ignifying a specific type of clinical 
observ4tion. Th~se were, tn turn, enciphered, and in addition, 
the identification number c! the participant was enci~hered so 

.that" doul:le p~ot.><:tion of confidentiality was assured. The 
bulk of tt ... se data fil"a ccntained negative f111dings reflecting 
the g~neral ~o-,d health of the study group. Th" relatively few 
positive ir-· ··,lat'itif's noted reflect a great variety of usually 
minor deviat1ons from tha norm. Many of these deviations ap9ear 
to have no long-te~ implications for health, but they were re­
corded, nev~rtheless, in th~ interests of c~pletene~s and thor­
ougfu,esH. The data within the physical examination which are 
most ~nable to dtatistical trea~en~ are a series o~ continu­
ously distributed variables re-corded on· tne. fac~ al,.eet of the 
exam form. Th.eoe ln!!lude height, weight, pulse, respiration, 
and rdpeated measures of blood ~(essure tn standing, sitting and 
aupine positions. Findi"dO frog the physical examinati~~ and 
medical history at intake were carefullt recorded ana referred 
to pariodically to d~termine whether new medical findings repre­
aented a continuation or exac~rbation of a condition axiating at 
intake o~ vhu!>er the1 represented a n«• health change. 

At each of th• five vtoits participants made to Boston Uni­
veu1ty Medical Cen:e" f~r phyaical a:1d psychological ex8lllination, 
coaprehenaive lGbo:~tory atudies were performed. These testa, 
perfo<Ded on fresh specimens Qbta!ned at aach viait, were erythro­
cyte 8edillontation rate, COIIlplete blood cour;t which inc1.uded auto­
aatsd analy•es o! hemotlobin, hematocrit. red blood 'ell count ond 
lndicaa (mean corpua.:nlar voluae. JDe&n corpuscular heaoglobin, 

c:orpwtcular hemoglobin concantration), white blood cell count, 
ed differcnti~l coYnt of leukocyte v~rietiee. Also perfo~ed was 

urinslya!o, including 4 deocr1ptiun of the oediment of the cen• 
epecia:.~. 
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At the first and last visits, serologic tests for syphi.lis 
were made, as well as poste·rior-anterior and lateral roentgeno­
grama of the chest, standard 12-lead electrocardiogram, and· t~o 
tests of pulmonary function - tota'. vital capacity and first­
second forced expiratory volume. Stool specimens obtained at 
the time of digital examinatio~ of the rectum were testeci for 
the presenca of b:ood. 

A chemical analysis of the blood was also ~ade at the ini-
tial examination. This weas the standard package, ";:,'MA-12'1 (cal­
cium, phosphate, glucose, urea nitrogen, uric acid, cholesterol, 
total protein, albumin, bilirubint alkaline vhosphat~se, lactose 
dehydrogenase, and glutamic-oxalecetic transferase), plus glutamic­
pyruvic transferase. For Rounds 3 and 5, an expan~~d package be­
came available and was utilized -- "SMAC," including .all of the 
above analyses and triglyc~rid.es, iron, sodium, potassium, chloride~ 
carbon dioxide content, creatin ..... e, .e.nd calculated albumin/globulin 
ratio. 

the hematologic examinations and urinaiyses provided not 
only specific data about primary blood cell disorders (e.g., ane­
mias and leukemias) and urinary tract diseases (e.g., nephritis, 
cystitis), but also gen~~al information about the presence of 
other problems (e.g., allergies, diabetes, infections). The ery­
throcyte sedimentation rate is a no.J-specific measurement ~de · 
frequently b~cause of ·its value as a clue to potentially- a1gni~ 
ficant syst30ic problems needing investigation. The group of 
chemical tests provides a PCan for the presence of dysfunction 
involving liver, kidney, endocrine, and other &ystems, dysfunc­
tion that in many cases has net yet created symptoms. The pul­
monal~ function tests se!k to identify individuals wlth restric­
tive or obstructive lung diseases, such as emphys~. 

This schedule of tests had a variety of aims. The initial 
group soughc: to help establish baseline health stat~s with a 
comprehensive array of both sp~cific end non-specific measur~­
mebts, looking for the presence of current conditions or Uiseases 
aa well as for risk factors that might presage illness. The find­
ing of abnormal results (unleu they reflected already-known, 
stable conditi• u) led to r-.peate<! testing and, where "i>l'ropr~ate, 
opecial investigation and consultation. 

The routie<~ followed for all subjects reflecced the kinds 
of changes in ht~alth status most likely to develop in this ?OPU­
lation of ~an, ~nd the frequency of examination was adjusted oo 
as to minimize study costs a~d inconvetUence to participants while 
at the same time assuring UUL~imal ascer.ta!nm2nt of health changes. 

• 
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Monthly Health Review 

Most minor short-term health changes which occur during a year 
cannot be discerned by physical examinations or by laboratory stu­
dies performed six to twelve months apart. Many of these health 
changes do not receive medical attention, and hence records of con­
sulting a physicinn or clinic are also an inadequate approach. 
Final~y, it has been shown that even self-rcpor~ informAtion 
gathered at six to twelve-month int~rvals is sever~ly diminished 
by forgetting (.!enkins, Hurst and Rose, in press)". Therefore, a 
method for more frequent ascertainment of minor health changes 
was needed. To complete this part of the clin::. ·;a! picture of 
health events, two self-report forms were sent to each participant 
each month. The rate of completion and return of ~hese forms was 
exceptionally high, greater than 90% complete data for more than 
804 of the participants. 

The first of these self-report forms, called the Monthly 
Health Review, was a checklist of 30 specific symptoms Ot ill 
health, which included the most common signs and symptoms of dys­
function in the physiological systems most frequently afflicted 
by disease, ?articuldrly respiratory, ga~trointestlnal and muscu­
lcskeletal. Each month each respondent was asked to repgrt which, 
if any, of the 30 health symptoms had occurred and whethec these 

_had occurred as part of an illness episode (a cluster of symptoms. 
occurring together at about the aaiDe time and recognized as part 
of the same disease), as isolated symptoms occurring occasionally 
apart from illnesse~. or as continuing chronic problems present 
on more thdn half the days of the month. In addition, partici­
pants were ask .::d whether eech illnEss• episode or. aggregate of iso­
lated events or cont:lnuing p::oblems was brought to medical atten-· 
tic·n and how many daya below par and days of reduced physical ac­
tivity accc:::::.~~uied each health change. 

The Monthly Health Review also inclu~ed a separate section 
in which to record injuries. Five types of trauma were listed so 
that the specific• of the injury could be reported. Severity of 
the injury was inferred by level of medical care received (self, 
medical professional, inpatier ~ ho!rpitalization) and the number 
of days of restric~ed activit • 

Each month all Monthly Health Reviews which contained checks 
indicating an illness episode, more than occasional isolated symp­
toms, pr a non-trivial injury were revic.wed individually by the 
project internist. Where indic~ted, telephone ~alls were made to 
the participant to obtain further infomat.ion, and such hel.lth 
changes as were determined to be present were recorded on a diag­
nostic sum=ary fo~ and given a ~umeric diagnosis according to th~ 
,lnternati~~l Classification of Diseases, Adapted. 
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further description of the Honthly He~lth Review, evident of 
its validicy, and descriptions of the Seasonal prevalence of a 
variety of syaptoms therein t·eported are pres~nted in a paper by 
Jenkins, Kreger and Rose (submitted for publication). 

• 
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SUMMARY 

Indexing Htalth Changes by Levels of Severity 

Three criteria were applied to riefine a 
and to dt~termine its level of severity: 
restriction of usual activities, and/or 
'uture well-being. 

negPtive heaith change 
patn or discomfort~ 

extent of thrP.at to 

Fou~ levels of severity of illness or injury were established, 
from Lev~l O, cons1dered trivial, to Level 3, considered severe. 
Com~uter assignment of level of severity was made by reference 
to (Ables indicating criteria for asdignment of each ICDA code 
to a level of severity. 
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2. Indexing Health Changes- by Levels of Severity 

·;he value of the ATC Health Change Study, both for administra­
tive 3nd 5Cientific purposes, was greatly dependent on a system in­
volving not only the specific diagnosis of partJ.cular diseases a:1d 
health changes, but also a method for consistent rating of the 
severity or seriousness of .. each health change episode. The charac­
teristics that make an illness undesirabl~, both to individuals and 
society, are its effects on feelings, functioning and future. In 
fact, if a condition d~es not make one feel bad and does n~~ impair 
function and also ao~s not have tmplic~tions for future welfare or 
survival, it is not considered a dis~se or illness. Our system ::or 
sorting hea1xh chJtnges into levels of severity wds based on the 
same criteria used to determine health change: pain, dysfunction, 
and threat to future well-being. 

We were concerned, howgver, that differences in reporting dis­
comfort or pain mlght have an undue influence on judgments regard­
ing the presence of disease or its severity. Persons whose psycho­
logical style was to complain most loudly might then appear to have 
the most frequent and most serious health changes. We were skep­
tical, therefore, about the reporting of pain or discomfort and 
were intent on "validating" such reports by additional evidence, 
e.g •• that the patiant &ought medical care and, preferably, re­
ceived a medical diagnosis from his own physician or the ATC study 
physician. Thus, the receipt of medical care, the giving of a 
diagno~is, the lOss of ttme fro~ uP~l activity due to illnes~. 
and the possiblP. long-term deleterious implications of a medicnl 
diagnosis all went into the assignment of a "level at health change .. " 
Specific definitions of severity relating to each specific medical 
diagnosis (based on the number assigned it from the International 
Classification of Diseases, Adapted} were decided upon 1 taking intr. 
account three possible levels of medical car~ received (self-care, 
ambulatory medical care, inpatient hospitalization), and n~ber of 
days restricted from one's usual activi .. ies due co illness. These 
definitions were entered as tables into the computer and each diag­
nosis rendered by the project physiciatt, ~ccompanied by all of the 
above data (also entered into the computer), was assigned a health­
chanae-level score by the computer. t·our levels of health chanae, 
deocribed below, were identified. The specific rules for assign-
ing health change levels to specific illness episode• or chronic 
conditions are included 1n A~pendix I, Section III c. 

Lev~la of Health Change 

Level Zero was reaerved for symptom complaints ouch as head­
acho, pain in the limb, nausea, and other symptoms to which a more 
specific medical dillgno.ta could not be given. Level Zero wu 
aloo aseignad to rather speeific physical signs, e.s., defot~ty 
of foot, excessive coughing, certain skin and dental cond~tiona 
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which apfeared to represent genuine physical findings whether or 
not brought to the attention of a health professional, but whlch 
were attemded by no days of restricted activit'y. 

Level One was assigned to brief self-limiting illnesses. 
'fhese often resulted in one to six days of restricted activity, 
but if medically at&ended, in many instances were not associated 
t.tith specific numbers of 11days down." Peripheral nerve disease, 
gout. ot.iti;. media. up1--E:r respi'o.atory iaf~ction and gastroenteri­
.tis are typical examples. LevP.l One health changes rarely involved 
$~Vcn ot more days of restricted activity, and never involved hos­
pitalization. The average upper rest-iratory infection, non-specific 
•·i.ral in'tection, or occasional exacerbations of conditions like al­
lergy or back problems ar~ typical of Level One health changes. 
Most injuries treated hy a phy~ician, possibly in an emergency room 
(but not involving overnight hospitalization) were also considered 
Le.rel One. 

Level Two health changes were more extended or aggravated ill­
nesses and injuries, all of which received medical attention. They 
alsv all involved e.ome limitations of activity, usually a week or 
more~ A number of exceptions included conditions which had greater­
than-average chances for cowplications or future health problems, 
su~h as urinary calculus, hospitalizations for cellulitis, short 
episodes of acute hepatitis, t·ecurrence of pain plus day:!l of re­
stricted activity in a previously diagnosed ulcer of the stomach. 
Despite its lack of pain and absence of hospital1zat1on, glaucOMa 
was atways rated Level _Two. Rad conditions like these d~veloped 
into more· sericuu diagnoses, a Level Three would have been recorded .. 

Lavel Tbret!. .. illneRaes were serious ones requiring medical at­
tention, and having in addition at least one of the following at­
tributes: (a) more than 30 days limitation of activity (this oc­
curred a number of times with moderate illnesses which developed 
severe complications, snd with serious injuries); (b) hospitaliza­
tt~ for a life-threatening or career-threatening disease; (c) 
longstanding or permanent disability from injuries; and (d) emer­
gence of arly disease which typically involveG a ~er1ou1 threat to 
longevity or future functioning (even without hospitalization), 
ruch aa Uiacovery of a malignancy, coronary heart dieease, hyper­
tension, gastric ulcer, diabetes. 

Aa might be expected in a healthy populatio~ screened annual­
ly to meet job r~quireoents, the number of Level Three health 
chn.ngea encountet·ed in the ATC i:iCS waa relatively suaall~ and Level 
~!0 and LP:Vi!J. On~ diae.ases vere pro&t'easive.ly more freq• mt. The 
frequencies of the moot common l.llneao or injury condit .ts diag­
nuoed by level of health change are pres~ntad in Section III C, 
Prevalence ar.J Incid .. nce of Physical Health CbaliJee •.. 
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SU:1MAI.Y 

Illness bv Etiological Category: F!'~'·!uer,cy 
of Specific Conditions 

The most common medical problems among the ATCs at entry 
into the s~udy were hypertension (32.5%), hemorrhoids (30.5%), 
hay fever (22.6%), and a combination of skin conditions (boils, 
tinea, pilonidal cysts and sebaceous cysts) that together affected 
almost 39%. Chronic bronchitis was prevalent among 12% of the 
men at intake, and active peptic ulcers were prevalent in 6.5%. 

In order to use the dat.a on health chang-es gathered in the en­
suing three years of health surV•!illance, it. was necessary to 
have. a summary index that would represent each man' a· illness 
experience and that could be used in analyses of possible pre­
dictors. Such an index was calculated for each man by summing 
his Level l and 2 illness and inj••ries during each interval, 
weight~nF the Level 2 events by counting each such event as two, 
then annualizing the interval data to produce a comparable period 
at risk for all men, and fi.1ally, averaging the annut.lized rate 
for the four intervals. This 11 compressed, 3nnualized incidence 
rate" was used in all further analyses of moderate illness and 

Level 3 illnesses and injuries were analyzed separately. 

The most ccmmon diagr.nses during the 3 years after intake were 
re~piratory infection (20% of the total), sprains, common 
non-opecific viral disease and gast~oenceritis. 

average, participants in the· tttt'~~· had 2.5 (compres1ed, 
health changes per year. 

events, 21 severe injuriea; were incurred by 18 men,· 
men were newly diagnosed as hypertensiv~. 25 other Level J 

lia:gnc••••• were in various categories of illness and wete diag~oaed 
2l men. 
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a. Illness bv Etiological Category: frequencv of Specific 
Conditions 

Three paramount oUjectives of this study were: 1) to deter­
mine the hequency, severity, and types of health changes within 
our sample of air traffic controllers, 2) to establish whether 
or not these health changes were related to work facts, and 3) 
to as~ertai~ whether or not h~alth changes among our study popula­
tion could be predicted by psychologi~al, work, ~r other factors. 

AM described in IIIC, a comprehensive system was ~stablish­
ed to monitor a.nd record health. changes &nd- to index their seve­
rity. In this section we will aport first on poysical (somatic) 
disease or Ulness conditi-ons existin!! at entrance i-nto the study 
(prevalence •t intake) and th~ ~n physical health changes diag­
nosed curing the 36 months of· surveillance following intake into 
the study (incidence of illRP.ss). The two most frequent acute 
physical health changes, respira•ory illness and injuries, are 
described in separate sections following the general report of 
findings. The most common chr~ni~ disease, hypertension~ is also 
examined separately. Psychological health outcomes are reported 
in Section D. 

Physical health states anc changes wrre classified by 
physiologieal-anatoaical system into the following categories: 
Respiratory; Nonspecific Viral; Acute Cast:rotntestinal; Non­
infectious Gast:rointeat1nal; Hemorrhoids; Skin; Bol'es ,. Muscles, 
and Joints; Allergieu; Eye; Ear; Dental; Genitourin~ry; Hyper­
tension;. Injuries; and Other. Within these categorit:s, diag­
noses were coded according to the Interr.ational Clss!ificaiton 
of Diseases, Adapted. 

Conditions existing at tha intake examination, as wall as 
illneea in the peat, were recorded by whether the condition 
vao: 1) a &ingle event in the past; 2) a chroni.c condition 
lnactive for at leaat the past two years; 3) a chronic c:onditiotl 
active at the time of intake, or, 4) a probl'"" newly discovered 
at intake. Physical health changea developing after intake were 
recorded by their level of severity aa determined by computer 
alaorithma takins into account ICDA code, type of care received, 
l1ld dayo of restricted activity. Thb systO!IIl 1a described in 
lliC, Indexing Health Changes by Lavell of Severity. 

A total of 6,217 diagnoses of physical illness conditions 
rendered: 31% (1,916) of thea were conditions observed at 

or reported at that time as past ~vents, while the remain-_ 
69% were illn10U episodes and condi:iona thst developed after 
beginning of ths study. 

• 
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Prevalence of Illness Conditions at Intake 

The illness conditions r~corded at entry were categorized 
by their chronicity and r.urrent status, and were distributed 
as follows: sinHle illness events in the past (approximately 
22% of the 1,916 intake diagnoses), conditions reported as 
formerly chronic in the medical history but inactive for at 
least two years prior ~o the initial examination (6%); chronic 
conditions active at th~ time of the initial examination or 
recently active (48%) and problems newly found at the initial 
·examir~tion (24%). 

We were interested in the illness conditions experienced 
by the men before entrance into the study primarily because 
of their pos•ible value in predicting future illness. The ill­
ness conditions existing, and those discovered, at the intake 
examination also provided a base measure of the general health 
status and the prevalence of specific conditions among ATCs 
at entry into the study. This permitted us to distinguish bet­
ween continuing heslth difficulties and the development of new 
disease in the ~nauing three years. 

Certain illnes&,.~s and illness conditions· were prominent 
in the profiles of the ATCs at entrance into' the study. These 
conditions are shown in Table 102 with the number and percent 
of the study participants who reporteod them as "currently in­
active conditions" (i.e., single events or chronic but inactive 
conditions) and the number and percent experiencing them as 
chronic and active, or new-found at intake.· 

Examination of Table 102, "The Hoa~ Coi!IIIIDn Medical Diag­
noses Among 416 ATCs At !'ntake Into Thq ATC HCS, 11 reveals a 
substantial excess of chronic active and newly discovered con­
ditions as contrasted with currently inactive conditions. Care­
ful methodological studiea have shown substantial underreporting 
of illness condiUons in .tile past, particularly of minor aeli­
liaiting illnesses. Furt~ert3re, many minor conditions which 
do not have a name uaed in common parlance (e.g., varicocele) 
are unlikely to be named even if their prior existence waa 
recollected. Although the infonoation about paot illnesaea 
or conditions inaetiva at time of entry into the atudy, to 
whatever extent it vas recalled. was of interest to us fer 
our predictive analysea of future health ch4n&e, tne prevslence 
of each condition, by definition, was determined. by those con­
d1t1ona which were documented by the exsminin& phyoleian au 
present (chron~c or n .. ly-found) at the time of intake into 
the study. 
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R£Sr1RATORY 
Chronic Bronchitis 490-491 1 '9 50 12.0; 

NO~- INfECTIOUS CASTliOINTESTlN.U. 
Peptic Ulcers 531-533 13 27 loO 9.6% 
Chroaic Ent~rir.i• 563.9 - 15 15 3-6~ 
Irritable Coi.oo 564.1 1 13 14 3-~% 
Liver lnfla~tton . 573. 2 21 23 5-5~ 

HE!!ORRHOIDS 455. 25 102 127 30.5\ 

S~IK 

Boils (all lites) 68~. 16 27 41 I0.3t 
Tlnea pedis, cruris 110.1, 110.9 - 40 40 s.6l 
Pilanid.al cylt 685. 23 11 34 8.2~ 

Sebaceoua cyst 706.2 24 • 21 45 10.8\ 

BONES, I!IJSCLES, JOINTS 
Varicose veins, leas 454.9 I 26 27 ~.st 

Low bacJc. p~ln 728.7-.9 -- 40 40 9.6% 

.U.LERCH;S 
Asthola 493, 2 17 19 4.6% 
Hay Fever 507 4 90 94 22.6t 
Adverse Effect: 

Penicillin 960. l ll 14 3.4% 

O.ENJTOURINARY 
Gor.or-t'hea 980 43 1 44 10.6% 
\'aric(~cele 456.1 -- 30 30 7.2t 
Pros.tdte Problems 600-602. 11 30 41 9.9t 

OTHF.R SYSTEMS 
, ":-1guinal Hernia 550 • 27 5 32 7.7t 
• 

HYPERTENSION 401 3 132 135 32.5% 

llit9Pfftd aii:.l~?'*dr?Weiilirtttlrt': ••u n•a #M """""~" ·---- ------·-----···- ---

w,;.;k.._"--... ~:~ . ..::' •• ;_. ~-; ~~- ... _ 
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The most common medical prcblem prevuiling among ATC study 
participants wa-s hypertension. By the diagnostic criterion 
adopted for this study, 135 men (32.5%) were diagnooed as hyper­
tensive at i~take. As our dete~ination of cricert~ for diag­
nosia of hypertension was complex and involved compari~ons with 
other studies, a complete discussion of our diagnosis of hyp~r­
tension among the study sample, comparisons with other popula­
tions, and the implications of the findings are pres£nted sep~­
rately following the discuss•.on of general findings. 

The second most prevalent chronic medical problem among 
these men was hemorrhoids. Approximately 31~ of participants 
suffered from this problem at intake, with the majority of these 
reports verified by physical examination. P.ay fever, teported 
by almost 23% of the ATCs at intake, was next ~ost co~n. 
Hypertension, hemorrhoids, and hay fever were the only specific 
conditions with an intake prevalen<e of more than 20%. Taken 
together, four dermatologic conditions (boils, tinea, pilonidal 
cyst, and sebaceous cyst) affected almost 39% of the s41!1ple. 

Chronic Oronchitis among our sample of air t~affic con­
trollers was more prevalent than we had expected,-with 12% of 
subjects thus diagnosed. Although comparisons of the rates of 
chronic respiratory diseases among our sample with those of 
Other studieR would have been desirable, they are problematic 
becausC: of the wide variety of diagnostic procedures and crit­
eria used. A review of tt;e epide'miology of c:hlionic respira­
tory diseage by Or. r.T.T. Higgins (mimeograph, Department of 
Epidemiology, Universi.ty of lUchigan School of Public Health, 
Uecember, 1970, p.9), stated, "Epidemiologic studies have in­
dicated that the prevalence of chronic reftpiratory disease of 
all degrees of severity varies f"rom under 10% to over 40% of 
the population, deper.ding on age, sex, and the definitions of 
chronic respiratory Jisease which are used." 

The earlier Cobb-Rose report (1973) foupd peptic ulcera 
to be exce&sively prevalent in air traffic controllers when com­

to a group of license~ airmen. In the present study, gas­
and duodenal ulce:.1 active at intake had a combined preva­
of about 6. 5%, -and an a<lditiorual J.U: of ATCs l.n the group 

repor1:ed ulcera that were no longer active. The combined report­
prevalence at intake waa, therefore, just under 10% 

,000) for these men aged 25-45 years. Of the 27 currently 
.ulcers, nine were of the Juodenum, aad the rematniag 18 

of unspecified Rite (ICDA 533). 

findings suggested an elevated morbidity for these 
~,1t:Loo~ among the air traffic controllers when comp~red alao 

pr••v••4•~c:e d~ta from the general U.S. population. U.S. 
•<•~•4 Health Survey data derived from interviews during 1975 

·' 
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indicated a combined gastric and duodena~ ulcer prevalence of 
23 per thousand oales ag~d 17 to 44 (U.S. DHEU, PHS communica­
tion of unpublished data). The prevalence of 65 per 1,000 
of currently active peptic ulcer conditions among our study 
sample a;..:-ears, thereforef to have heen almol't triple the 
national r~te. However, the national figure would be expected 
to be aomew.lat lower bec.ause the national survey included men 
from 17 to 25 years of age who would be eXpected to have a con­
siderably lower prevalence of ulcers. Since rigorous dia8nos-

. tic: criteria and cross-examination by the physician were :1'\te-
: gial to the diagnoses in our study, whereaa the !l&tional diag­

data were based on le~a string~nt interview ~riterla. 
oJ.ases may exist in this comparison. To thP e."<tent that survey 

in the general public may ov~rreport peptic ulcer 
·dl••••e. or 1nclude under that label a vsriety of other gastro­
intestinal disorders, the likelihood io increased that our 
ATCs may really have had more than the 3 to 1 relative risk of 
peptic ulcer. disease suggested by the data cited above. 

Physical health changes (illnesses and injuries) were moni­
tored for each participant from the date of his entry examina­
tion into the ATC HCS until his final examination approximately 

y:ars later. The first AICs entered the study in February, 
and the last on~s were tlUstcred out io October, 1977. A 
of 4.300 health change events were certified in the interim 

study physician. The information from which these diag­
decisions were made caMe from a variety of sources. For 

of the- diagr.oses, informat.ion calfle in whole or in ·('Jart front 
Monthly Health Review. For 6% ot the c:1anges recorded* • the 
himself was involved in provi~~ng info~tion, either by 

oel••o~~ne or at the time of his regular examination. Additional 
~urc••• of information included the physical examin&<ion its~lf, 

findings and the participants' physicians. The 4,300 
b~lth changes coatprised 3, 6:1 acute illn-ess and ir~jury 

(84X of the total) and 433 recurrencus or reactivations 
diagnosed conditions (10% of the total}. The 
tvents were aLmost entirely the clinical emergence 

of chronic disease problema. 

Of the total health changes developing after intake tnco the 
61% were cared for by the participant h~elf without pro­

~llli<m•o1 assistance. Thirty~seven percent rG=eived rhyeician or 

percentage. total more than 100% because some diagn~••• 
were made On the basta ·at several aources of information~ 
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c-linic attention con an outpatient basis, and the r~mal.n.lng 2: 
(90 events) were created by admission to a hospital. 

The distribution of days of limited activity attributable 
to these health changes is displayed in T~ble 103. The median 
event for which a specific number of restricted days could be 
ascertained cost the participant between three and slx days 
of disability. For 344 of events, days of restricted activity 
could not be ascertained from the information receiv~d. 

The health changes were categorized into broad diagnostic 
groups representing the anatomic-physiologic system involved 
and/or its etiol~~ic type. The distribution of health ~hanges 
after intake among these diagnostic categories is di~played in 
Table 104. In the ATC HCS, as in most other extended studies 
of illness experience in normal populations, the most common 
health problem was respiratory disorders. These accounted for 
36% of all health changes. Injuries were second most common, 
with 12.5% of the total of all diagnoses. Acute gastrointestinal 
problems, and complaints r~garding b~nes, muscles, and joints 
were the next most common health changes. The frequencies 
di~played in this table include all 4,300 recorded health 
changes, including 1,'"•5 "trivial,. (Level 0) changes, 2,523 
minoc health changes (Level 1), 250 moderate health changes 
(Level 2), and 82 sevP-re health changes (Level 3). ~See Sec­
tion IIIC, l:-tdexing Health Changes By Levels ~f Severity, for 
explanation of crit2ria used.) It was often difficult to dis­
criminate between complaint behavior and actual physical nealth 
changes in those diagnoses classified as trivial. This is 
documented by the fact that only 72% of Level 0 events were 
self-treated and 917. were designated as having indeterminate 
or no days of restr~.cte~ activity. In addition, there was a 
profound decrease in the frequency of certification of Level 
0 changes as the study progressed. We therefore decided t.hat 
the Level 0 health changes were not medica-lly important and 
not consistently reported; hence they were omitted from all 
calculations of incidence of the various health changes and 

from predictive analyses. 

Examination of the specific diagnoses entering into Level 
1, 2, and 3 health changes, ana the probabilities of receiving 
medical care and hospitalization associated with each diagnos­
tic entry for each level of health change revealed that tr_e 
2,773 Level 1 dnd 2 health changes were composed of a similar 
set of conditions. The main difference between Level 1 and 
Level 2 was the severity of the episode, particulatly in terms 
of days of disability. In contrast, Level 3 illness events 
and Level 3 injuries were qualitatively quite different, po~ing 
either a thr~at to a normal life expectancy or a lengthy dis-
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I of Days 

NonP. 

1-2 

3·6 

7·14 

15·30 

More than 30 

Undetermined 

• 

TABLE 103 

Distribution Of Days Of Restricted 
Activity For All Oiaqnosed Health~ges 

In The ATC HCS 

.4 of Event•_ r'..-.rcentage 

879 20% 

807 19% 

760 18% 

232 5% 

107 3% 

41 1% 

1474 34% 
---

4300 100% 
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TABI.E 104 

Distribution Of ATC Health Chanq~s \fter Intake 
Among Oiaqnostic Categories 

Absolute Rei at ive Etiological Group 
Freguf"ncy Frequency 

RESPIRATORY 
1557 36.2'1; 

358 8.n 
IFIC VIRUS 236 5.5~ 

INrECTIOUS GASTROINTESTINAt 100 2. 3% 
IDS 

79 1.8% 
DISORDERS 

19~ ~.5t 
, MUSCLES, JOINTS 317 7.4% 

172 ~.ot 

~7 I. I 'I; 

110 2.6% 

219 5.1t 

536 12.5% 

66 I • S't 
ION 

36 0.8'1; 

273 6.3'1; 

43oo 1oo.ot 
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ability. 

For these and other reasons, it was decided to combine 
Leve! 1 .and Level 2 health changes into 4 single series. of data 
analyses for both descriptiV£ and predictive purposes. The 82 
Level 3 health changes were treated se~arately and further di•ri­
ded into three diagnostic groups: hypertension (36 new cases), 
severe injuries (21 cases}, and all other serious somatic 111-
n~sses (25 cases). 

The basic summary statistic used in analyses of slight and 
moderate health changes {Levels 1 and 2) "Jas "the average annual­
ized compressed illness rate .. " This lengthy term descrfbes how 
t}Jis illness index was calculated. Level 1 and Level 2 illnesseS 
and injuries were compressed into a single index by counting 1 
point for each Level 1 health change and 2 points for each Level 
2 health change. This was done on the basis that the median days 
of disability associated with Level 1 changes was 3-6 days, whereas 
the median days of disability for Level 2 changes was 7-14 days, 
an approximate ratio of 2 to 1. Similarly, Level 1 health.changes 
received medical attention in 39% of cases, whereas Level 2 events 
received medical attention in 85% of cases, again close to a 2 to 
1 ratio. 

The intervals between successive medical examinations at 
Boston University differed considerably across meD for the four 
prospective intervals of follow-up which were terminated by 
Examinations 2-5, respectively. In order to compare illness 
rates across men for different periods at risk, each interval's 
illness experience was adjusted to an annualized rate. S~i~arly, 
although the rate of return of Monthly Health Reviews - the basic 
information source for health change decisions - was 9C 15% (more 
fully described later), we felt that some adjustment was necessary 
for individuals who returned fewer than the full number of re­
ports, and thus were less at risk for having acute illness 
events reported and certified. Accordingly, the rate of return 

• of Monthly Health Reviews as well as the period of risk was 
taken into account in the calculation of annualized illness 

Examination of annualized illness rates by each of nine 
lajor diagnostic categories plus the total of all fifteen diag­
nostic categories revealed uniform correlations between illness 
rates for corresponding diagnostic categories across·intervals, 

the total annualized illness rate acrDss categories, and 
each of these with the gr~nd total of all illnesses for the 

study period (Table 105). This led to the conclusion 
each interval of observntion (i.e , each period at risk 

)etween successive medical examinations) was an unbiased 
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TABLE 105 

Correlations Of Avera e Annualized Illness lnciden~e R3tes 
(Totals For All Dia9.nostic Categ<>ries ~or Each Interval With Th~ Average For The 

Entlre Stud Period And l;le Number Of Intervals Each Han Particl ated Ac~ 

Annual Jzed Incidence for: 

lnt. 1 Int. 2 lilt. 3 Int. 4 Entire Study 
Annualized Incidence for: 

Interval I --- (320)* (284) (261) (358) 
Interval 2 .372 --- (293i (272) (339) 
Interval 3 .308 .375 --- (273) (298) 
Interval 4 .319 .415 .348 --- (276) 

- - - - - - - - - - - - - - - - - - ~ - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - -
Ave~age fncidence for 

Entire Study .759 • 765 .712 . 711 ---
Numbe1· of Intervals of 

Participation .085 .034 .087 -.009 .083 

.. umber 
of 

Intervals 

(385) 

(339) 

(298) 

(176) 

(378) 

*Numbers In parentheses represent sample sizes from which correlation ~oefficients in lower left trtangle were computed. 
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estimate of the total illness exj)er1.ence for each man. There­
fore, the mc.·st stable, unbi-ased estimate of his total illness­
proneness by diagnostic category and overall, would be the 
annualized illness rate averaged for four intervals. lhis 
statistic became our major dependent variable for slight and 
moderate health changes. In addition, it was found that the 
number of 1ntervals in which a man·was active in the study 
did not correlate with average annualized illness rates. There­
fore, no bias was introduced by including men with only one or 
two scorable intervals in the analyses along with men who were 
full participants in the study throughout all four inter­
examinatio~t intervals. 

A further word on the completeness of the data is in 
order. Men we~e sent Monthly Health Reviews each month that 
th~y were active in the study. Hailing& continued until parti­
ci.pants were promoted, transferred, medically disqualified 
from ATC work, or until they gave notice of their desire to 
withdraw from the study for personal reasons. The amount of 
drop-out was very low, and the reasons for it are described 
elsewhere. Nearly 90% of all MHRs mailed out were returned to 
the study. There was no decrement in cooperation as the study 
progressed (see Table 106). There were, nevertheless, a few 
men who tended to be remiss in their return of Monthly H~alth 
Reviews. We decided that for men with data clissing on ·..>ccasional 
months, a fair representation of total illness experience could 
be obtained by prorating the•reported illness experience of che 
reported months. We decided further that at le&st half the 
months in an interval had to have data or proration would be 
subject to too great a possib.i.lity of error. Since the average 
interval betw~en examinations was nine months, we set a lower 
limlt of five returned MHRs to qualify a man as "scorable" for 
annualized illness rates for a given interval. Men ~eturning 
fewer than five MHRs 1n an interval were not scored for that 
interval. 

Thirty-eight of th~ 416 entrants into the study had uo 
interval iu which they returned 5 or more MI!Rs.. They thua had 
:ero scorable intervals and were excluded frQm all analyses 
using average annualized illness rates. Tb.tt remaining 378 men 
had one or more scorable interva:..B. Since --nWilber of scor:able 
intervals did not correlate with average annualized illness 
rates for any diagnoetic category or for the total of all 
categories, all of these men were included in th~se analyaea. 

The amoqnt of proration that took place for men scored 
for each interval was very small. Table 106 shows the r.ate 
of Ml!R return, from 94.l% to 95. 8%, for all scorahle men in 
each interval. Thus, for the "fully active participants in 
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Study 

Interval I 

Interval Z 

Interval 3 

Interval 4 

TABLE 106 333 

Rate of Return of Monthly Health Reviews 

Percentage of HHRs Returned 

From All Participants 
Receiving HHRs 

87.8% 

88.5% 

90.8% 

89.6% 

From Active Participants 
Contributing to the 
Annualized 111ness Rates 

95.8% 

95.0% 

95.7% 

94.)% 

li 
:, ,. 
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the study,'' - the 378 men who entered into the data analyses 
for average annualized ill~ess rates - the illness rates are 
based on 95% compl~te data from the primary source from which 
slight and moderate health ~hanges ~ere ascertained. 

The Most Common Health Change Diasnosea 

The study physician who certified the 4,300 health changes 
after intake utilizeu 318 specific diagnostic codes to classify 
the diagnoses. Many of these marked only one or two events 
ea~h. and only 16 types of illness or injury occurred more than 
50 times among the subjects (including Level 0 health change). 
These 16 conditions are displayed in Table 107, with number 
o! men affected at each level of severity and total number of 
d'iagnoses. The most cof!IDon diagnoses were upper respiratory 
infection, accounting for 20% of the total, sprains (all loca­
tions collectively), common cold (nasa.! symptoms only), non­
specific viral disease, and gastroenteritis. 

As stated before, Level 0 health changes were considered 
medically unimportant as well as ineonsistently reported. 
I.evel 3 health cha·nges were of sufficient severity and rarity 
to warrant separate a1talysis. We then c~lculated average 
annualized compressed illnes& r~tes based on the 2,773 diag­
noses categorized Level. 1 or 2. This became f'"ht! summary 
measure of morbidity for minor ~nd ma~erate illnesse~ and 
injuries. The following findings emerged: respiratory dis­
orders were the most common h~alth change, occurring, on the 
average, 1.33 times per person per year. Eighteen percent 
of the men reported no respiratory problems at'all, while 

.24% reported an average of two per year or more. Injuries 
were the next most common, with a r~tP of 0.~0 per man per 
year, with 60% of the ATCa reMaining free of injuries through­
out the study while thP. remaining 40% averaged.from 0.2 to 
4.3 injuries-per man per year. Fourteen. percent av~raged 1 
injury per yea~. or more. Acute gastroiQtestinal problema 
occurred to the average man 0.29 times per year. Sixty-one 
percent had no ~astrointesttnal probleES during the entire 
l years, whi '! • .s amoet 7% averaged at least; 1 per yeo.r. Non­
specific viral diaeafte struck 25% of the ~n each y~ar oa the 
average. For 6% of the men, one episode of viral disease was 
recorded for each of th~ 3 yeara of participat!on. For 64%, 
no evP.Dts occurred. Allergies, though common among the men 
at intake, had a tendency to mcrP- frequent recurrence and 
were observed ~.17 times per year for the entirG population. 
This amounted to an average of 0. 71 times per year tn the 90 
aen who were aub)ect to any allergy at a~l during the cours~ 
nf the study. Problems \lith bonea, musclea, or joints of 
Level 1 or Level 2 sevetlty occurred an average of 0.12 
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TABLE 107 335 

l~cidence Of The _16 Host Fre9uentll Diagnosed Phlsical 
Health Changes After lnta~e Into The ATC Study By 

Oiagnost ic Code And Number Of Men niagnosed At Each Level Of Severity:~ 

Number of Hen With 
Health Change By Total Number 
Level of Severity Of 

ICDA Code 0 2 3 

4Go.o 108 73 4 
re Throat 462.0 101 51 

r Respiratory 
Infection 465.0 296 

Elu·l ike Syndrome' 
and Flu 470 • 472 138 

Oil 401.0 36 

009. I 62 50 2 -.. 
009.2 141 5 

079-9 139 13 

455.0 44 12 2 

JOINTS 
728.7 69 8 I 
728.9 34 21 8 

507.0 71 3 

)84.9 50 20 

525.9 108 7 

840 • 848 112 62 52 6 
Injuries 910 918 49 53 4 

Individual ATC for whom repeated episodes of the same condition were 
ot ~ifferent levels of severity will be represented In the 

Jt ea~h level o( •everlty forwhich he received • diagnosis. 

Events 

249 
186 

866 

207 

142 
213 

236 

79 

104 
73 

125 

84 

171 

255 
'124 

I 
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t~es per man per year. All other diagnostic cat~gories occur­
r~d much less frequently. 

When all of these categories ~re considered together. a 
total illness incidence rate can be ~omouted for Levels 1 ~n~ 
2 events compressed and annualized as described. On the Aver·· 
·age, participants of this study hacl 2. 5 such health changes 
per year. Only about 6% of participants reported no health 
changes at all. Comp.lete absenc.e of health changes would be 
statistically improbal'le, 2nd we are reassured that the small 
number of persons in the "no health change category11 reflects 
the honesty and completeness of reporting by our participants. 
There was great variation in the frequency of reported health 
changes, ranging from 0.2 per year to 12.3 changes per year. 
Section V, Predictive Findipgs, contains a discussion of psycho­
logical and social factor$ associated with varying level fre­
quencies of health change, overall and for various physiologic 
systems considered separately. 

Serious Illnesses And Injuries During The Study: A Summary of 
Level 3 Physical Health Chanscs 

The most severe of aJl health changes were labeled Level 
3. This diagnostic ltwel requixed eitl"ter a sustained pertod 
of disability (usually 15 d"Y" or :o:>re) or the emergence of 
a disease ·.;hose consequences might threaten future ability to 
work or shorten life expeccancy. Although hospitalization wa& 
involved in r.tany of the Level 3· illnesses, hospitalization it·· 
self without at least seven days of disability did not werrant 
a L10vel 3 rat1:1g of se•eH ty unless an illness of life-shorteninr 
potential was involved. Certain illnesses such as hypertension 
and angina pectoris were always considered I.evel 3 en the basis 
of risk of end organ damage. and others, such as ulcers of the 
stomach and duodenum, gastritis, diabetes mellitus and liv~r 
inflammation were rated Level 3 if they involved hospitalization. 

All Level 3 health changes were categorized into four 
types: hypertension, injuries, psychiatric disability (which 
wac graded Level 3 only if it !ovolved disability and hospitali­
zation), and All other physical illnesses ~oneidered ~ollectively. 
Discussions of the incidence of hypertension and psychiatric 
disorder are presented itt ~ther section•. Level 3 injuries 
and other physical illnesses ar.e described below. 

LF.Vel 3 Injuries 

During the course of the study, 21 severe injurie& were 
incurred by 18 men, three of them having two severe injuries 
each. In o~der to q~l1fy for Level 3 severity, an injury had 
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to result in greater than one month of limited activity with 
much of this usually i~volving time lost from work. The complete 
list of severe injury diagnoses and the number of times each 
occurred is listed in Table 108. 

Ten of the sevP.r.e injuries resulted in hospitalization, 
and the remaining 11 were treated on an outpatient basis. These 
injuries included 9 fractures, 3 dislocations, 6 sprains. 2 cases 
of internal C.erangement of joint~ and 1 non-specific injury. 

Level 3 Physi~al Illnesses (Excluding Hypertension) 

Hypertension, newly diagnosed in 36 men after the study 
began. was the most commonly occurring serious physical illness. 
It is discussed separately in a section following. Diagnose~ 
were renderea for 19 ocher specific conditions aifecting ATCs 
with sufficient s~verity to be rated Level 3. These 19 ~ondi­
tions affected 23 men at the severe l£vel. Aa 2 of these men 
had 2 such diagnoses each, thtre was a total of 25 diagnoses 
of Level 3 physical illnesses, excluding those for hypertension. 

Twenty of these illne'ises required hospitalization and 
five wer~ treated on an outpatient basis. E~amination of the 
table may raise the question why certain illness ~f seemingly 
moderate severi~Y sud. as cellulitis of the leg, shoulder 
bursitis, anu esophagospasm ~re considered severe enough to 
be rat~d Leval 3. ln each of chese instances, ~~~ev2r. the 
particular 1llness episode was suffic!ently sev~re or co~licated 
as to war~ant hospitalization and, in the case of the shoulder 
bursit13 and the one severe instance of cellulitis, disability 
for greater than 30 day• was also involved. Three of the 13 
c:as.ea of pep.tic ulcer disease diagnosed during the course of 
the study wer~ considered to be severe. 

The reaainin' Level 3 physical illu~ases covered a broad 
aamut which can be consider.ed fairly typical of m~n aged 25-45. 
The complete aeries of di~gnoaes together with level of care 
received and days of disability are presented in Table lC9. 

• 

• 

• 

i 
J 

I 
I 

I 

f 

''•I 



338 

TABLE 108 

level 3 Injuries Amon~ Air Traffic Controllers Our in~ 
3 Year. Of AT~..!!fl 

# Cases 1 
~ Oiagnosi!_ level of Care 

2 
Oals Restricted 

3 

I 724.0 Internal Oerang~ment of Joint~ 3 I ]24.5 Internal Oer~ngement of Joint 3 I 809.0 Hultlple Closed Fractures, Tr~nk 3 I 812.0 Closed Fracture, Upper Humerus 2 
I 814.0 Carpal Fr!lcture 2 
I 816.0 Finger Fracturel 3 2 822.0 Patella Fract~Se 3 I 824.0 Ankle Fracture 2 All required I 825.IJ Tarsal/Metatarsal Frac.tur~ 2 31+ I 825.0 Tarsal/Metatarsal Fracture 3 days down I 836.0 Knee Dislocation 2 2 836.0 Knee Dislocation 3 2 844.0 Sprain Knee/leg3 2 I 845.0 Sprain Ankle3 2 I 846.0 Sprain Sacr~lllac3 2 
2 847.0 Sprain Neck 2 
I 996.8 Injury. c~thqr3 3 

Those 2! l3 Injuries were Incurred by 18 men, 3 of whom had 2 l3 Injuries each. 

level of Care cata2Qrles are: 2 • me~lcal amulatory care and 3 • hospitalization. 

Only a min~rity of the Injuries In this diagnostic cate1Qry were of •ufficlent 
severity to be rated level 3. 
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TABLE 109 

level 3 Phy~ ical 11 ine5ses Diagnosed Arron·.J 
~affic Controllers During 3 Years o·f ATC HCSl 

33'] 

ICDA Diagnosis Level of C::!!.!.3 

012.2 
162.' 
410.0 
410.1 
413.~ 
503.9 
530.9 
532.0 
532.0 
SB. 9 
5.').0 
540.0 
540.0 
5141.0 
SU9.9 
574.0 
574.0 
575.0 
592.0 
592.0 
682.4 
725. I 
731.1 
401.0 

Pleurisy with Effusion 3 
Malignant Neoplasm 3 
lsr.hemic Hea!"t Di5ease w/Hypertension 3 
Acute Hyocardlai lnfaTction 3 
Angina Pectoris 2 
Chronic Si~u•i,tis 4 3 
E sophagospasm' 3 
Duod~nal Ulcor·Bieedir.g 2 
~uodenal Ulc~r-Bieeding 3 
r:.eptic; Ulcer 2 
Gastritls/Ouodenitis4 3 
Ap~end I c i t is 3 
AppendicitIs 3 
Append I c i t is 3 
Intestinal Disease, other 3 
Acut~ Cholecystitis/Lithiasl, 3 
Acute Cholecy!ltitis/Lilhiasis 3 
Cholecystltis/Cholangi~is 3 
Calculu•·~idney/Ureter4 2 
Calculu>·~idney/U,eter ) 
Cellulitis of~·~ 3 
Herniated [lise; 2 
~houiUer 8ursiti:;4 3 
Hypertension 3 

Level 3 Psyc.hLttric i llnesse:s. all of whict, involve hO$plt•l ization. are 
repor.ted under Psvcholc;; ... : i-teal th Changes. 

Th~~e w1re 25 ll dia~note~ in(~rred by 23 men. two of whom had two such 
d i agnose1. An'IOioJ i 11 ne-s s~ts oth.ar than hypertension. 

Days of 
Restricted 
Activity 

15-30 
31+ 
31+ 
31+ 
)I+ 

15-30 
7-14 

IS· 30 
31+ 
7·14 
7·14 

IS·JO 
31 + 
31 + 

:s-Jo 
15·30 
31+ 
31 + 
7·14 
7·14 
31+ 
31+ 
31+ 

0 

level o! C•re c.ategorie~ are: 2 •mecJic•l ambulatory care and 3 • tKs.pitallzatior1. 
~ 

Onty • iftinority of C.JJ'ies in diagno~tlc categories marked thu~ were or 
svfficient severity to be rated Levot~l ). 
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SL'HMARY 

Upper Respiratory Infection (URI) and Influenza (Flu) 

URl was diagnosed on :.:.he ba"iiS of self-reports, via the Montl'.ly 
Health Revie\'1, of clusters of symptoms l.ncluding, as a mi'.:1imut1, 
sore throat <lnd sneezing, dtuffy or runn'' nose. Other sy:nptoms 
adding cert~.inty to the diagnosis were: temperature of 100° or 
more, dry cough or coughing up substancee other than thin phlegm. 

Flu waft diagnosed upon self-rep<>rt of either ,f ttt'O mini.-nal 
clusters of symptoras: certain pains and ctJugh and fC!Ver, or the 
pains and cough and nau.sea/vol!liting. Additional symptoms, such 
as painful or burning eyes, or excess latlgce, aUded certainty. 

Except for the spring months of 1~74, the monthly incide.rtce of 
Ul\.! amo~s the ATCs over the three-year study ranged fro:n 1% to 
10% for 11 possible" L"RI and also for "probable" URI. Honthly 
incidence rates ranged from ') !"o 3% for- "possible" an-i also 
"prob&.ble" flu. 

Altogether 866 episodes of URI affecting 296 men, and 207 episodes 
of flu affecting 13B men were di~gnosed. URI and flu together 
account~d for 25% of all diagnos~s during the three year study. 

• 
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b. Upper Respiratory lnfectioa and Influenza 

Respiratory symptoms are commonly reported as the most 
frequent of all physic~! complaints. One study of thvusands 
of persons in a prepaid medical care plan found that respira­
tory diseases among men aged 25-44 years accounted for 28% 
of all diagnoses. both acute and chronic, a figure more than 
twice that of the next most common category of diagnose~ 
(Avnet, 1967). National data gathered by continuous sampling 
surveys of the National Center for Health Statistics provided 
an est~te that respiratory conditions accounted for 544 of 
all acute conditions for the total population during the year 
July, 1975 through June, 1976 (DHEW Publication No. (PHS) 
78-1548, January, 1978). 

Proredures and Defin-itions 

The data indicating ~he large contribution of respiratory 
ailments to any total count of illnesses caused us ·to pay ·p~r­
ticular attention in this study both to establishing rigorous 
criteria for assignment of diagnoses and to the certainty with 
which the diagnostic label could be applied. 

As described in the section on methods of measurement 
(IIIC), the Monthly Health Review .(MHR) mailed each month to 
the ATCs in the study was the main source of information con­
cerning transient or acute illnesses. 

Information on upper respiratory infection (t"RI) was elicit­
ed through five items listed in the MHR: temperature of 100° 
or more; sore throat; sneezing, stuffy o~ runny nose; dry 
cough, more than occas~onal; coughing up substances other 
than saliva or thin phle&Q (see copy of MHR, Exhibits). 

Information on influenza (flu) was elicited through e1ght 
items (either alone or in combination with various other s~ 
toms) listed in the MHR.: frequent dry cough; productive cough; 
fever; nausea o1.· vomiting; painful or burning eyes: headache; 
stomach or abdominal pain; general myalgia (naches or pains in 
muscles or joints other than the back"). 

ATCs were instructed to check whether their symptoms 
appeared as illness episodes, isolated events or continuing 
problems. 

The symptoms checked were then assigned a diagnosis of URI 
or influenza on the basis of patterns or clusters conforfting 
to definitions established for these illness as follows: 

i 

u 
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H!!R ITEM REPOR'J.:_ED (sec code below) 
Possible URI 

7 and 8 
Probable URI {3-point) 7 and 8 plus one of l, 10 9, 
Probable URI (4-point) 7 and 8 plus two or more 

of 1. 9. lO 

1 • Temperature of 1000 or more 
7 • Sore throat 
8 ~ 

9 • 
10 • 

Sneezing, sttlffy or runny nu~e 
Dry cough (more than occasional) 
Coughing up substances other than thin phlegm. 

A definitic~ of influenza was derived after considerable 
discussion withl.n our medical team and informal consultation 
with Or. H. Bruce Dull of the USPHS Center for Disease Control 
and Dr. Neil Blacklow, then of the Adult Infectious Dise~se 
Section, Department of Preventive Medicine and Epidemiologr, 
Boston University School of MedJcine. Although positive diag­
nosis of influenza can only be made by laboratory studies, 
this procedure is infrequently followed in clinical practice. 
In lieu of laboratory dia-gnosis. thert!fore, the following defi­
nitions of influenza were accepted: 

!'os•ible flu 

Probable flu 

a) Pain (any of the following: headache, 
stomach pain/abdot Lnal cramps~ aches 
and pains in muscles and joints), ~~D 
cough (either of two: dry. cough - more 
than occasional, or any productive 
cough), AND fever. 

- or -

b) Pain (as defined above) AND cough (as 
defined above), AND n&usea/vomitiug. 

a) Either triad above plus either the 
remain ins major symptolluf (fever, 
nausea/vomiting), OR painful or 
burning eyes, OR excess fatigue. 

• 
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,\ccuracy of Reporting and Validity of Definitions 

The relidbility of using the MHR to obtain health change 
information was d~monscrated by Dr. Bernard Kreger's tele­
phone interviews which checked the accuracy· of the reporting 
(see IIIC). tn addition, a furth~r analysis was made of 
three months' MHRs (February, March. and April, 1975) to de­
te~ine whether or not the patterns of aym~toms reported 
were reasonable reflections of the clinical observations of 
these illnesses and whett,er or not the procedure and defini­
tions us~d produced overreporting or underreporting of illness. 

The analysis showed a s~rong pattern of clustering among 
the five URI symptoms listed, and indicated that the combina­
tion of nasal symptoms with ~ore throat in effect definEd 
"possible'" URI. The additional presen<:e of fever or frequent 
(dry or productive) cough gave the diagnosis greater certainty 
("probable URI"). 

The three-month analysis also h~lped to resolve the que9-
tion whether the symptoms sel~cted ~s defining the flu really 
had a grea~er-than-chance association ~ith one another.• Stat­
istical tests of the probabi.Uties of defining "flu Pattern" 
by chance in th~ Atcs• ~a revealed that tbC tri~da of symp­
toms occur=ed more frequently than would be expected by chancti. 
Other internal analyses of the data were performed. All results 
sUggested that the definitions established for a flu diagnosis 
=-~~ear:<ed to be valid indicators of !enuine illn~sa AIIIDng the 
study subjects. 

Additional info~tion regard!ng the three-~nth ana~ysis 
of respira~ory symptoms reported in the MHR can be found in a 

*If the definitions ueed adequately airrored the natural 
clustering of symptome of these illnesae•, one \IOuld upect the 
clusters to occur "DOre freq'ul!:ntly than they would by chance. 
the probability of the oec~rrence of clusters by chance are 
calculated as the product of the occurrence of the individual 
symptana in the population. Thus, if haadachea are reported by 
20% and athlete's foot by 10% of the population, the heAdache­
athlete's foot combination could be expectet to occur in 2% of 
the pop~lation by chance alone. This type of analya1a was appl­
ied to various triads of syaptomo defined aa flu. All of the 
triads tested occurred fro2 2.5 to 3.5 timaa as often •• would 
be expected by chance. T~ese ratioa were usually, but not always, 
atatiatically a1an1ficant, the expected tiUIIber of event• bei111 
sometimes as small aa one and the observed number around fiVe 
(thus cre:ating violAti.on• of the atatistica). ••aumptiona for moat 
tests of significance). 

,.. - ~· ., .. -



344 

pa.per prepared for publication, "Use of a Monthly Health 
Review to Ascertain Illness and Injuries in the Air Traffic 
Controller Health Change Study," included in Appendix II. 

li.lcidE"nce of URI 

A monthly incidence of URI was calculated for the period 
fr011 March, 1974 (at which time 60 men had been entered into 
the study) through February, 1977 (at which time 269 men re­
turned MHRs). This period included the full recruitment phase 
when a peak of 372 participants (January, 1975) retu~ed MHRs. 

Over this 36-month period, a total of 10,549 MHRs were 
returned, or an average of 293 per month. Monthly incidence 
was calculated on the basis of the specific numbe~ of returns 
eiJ.ch month. 

Figure V displays the monthly frequency of "possible" and 
"probable" L1\l. Except for the spring months of 1974, the ·inci­
d.;,nces of "possible" and "probable" URI each ranged between 
l% and 10%. 

The three-month data on days of restricted activity and 
frequency of medical care, gathered for our earlier analysis, 
suggest that the definitions of "possible" and "probable" URI 
relate not only to degree of certainty of the diagnosis. but. 
also to degree of severity of the illness. 

Figure V shows that the relative fr.equencies·of "possible" 
and ''probable" URI follow one another quite elosP.ly with peaks 
in the fall and winter. The spring and early s~er of 1974 
present certain exceptions to these generalizations. First of 
all. the rates of 1llness are considerably higher than during 
the rest of the three-year period. Secondly~ the relative fre­
quency of "probable" URI is much greater than that of "possible" 
URI; and finally, a seasonal shift to high fr,!quenc:tes in late 
spring is noted. There are four possible explanations for this 
variant pattern. The first is that inasmuch as these data were 
sathered at the beginning of the study, the respondents may 
have had a tendency to overreport their s~toma. If overreport­
ing were responsible for this apparent peak, on& would expect 
to find overreporting of symptgme in other physiological sys­
teaa as well. A number of analyses were done separately for 
a variety of diagnoses and for a variety of symptoms on the 
Konthly Health Review. As overreporting of other symptcms 
tended to be minimal, we concluded that the high rate of re­
ported URI symptoms was primarily attributable to other factora. 
A second possible explanation was that the MHR used during 
the firat eleven months of 1974 was different from the re-

,;."":;...,--
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vised form used during the remainder of the study and pre­
sented in tl.e Exhibits appended. Alhough the same symptolliS 
were included in both forms of the MHR, the fo~at was differ­
ent iu the 1974 early •Jersion. This may have influenced the 
frequency of URI, and as we shal!_ note later, of influenza, 
during the spring. A third possibility is that the few men 
who ent.ered the study in the first rwo months may either have 
been more prone to respiratory problems than other ATCs, or 
that the small numbers provided an e.'C:tremely unstable basis 
for multiplying percentage rates and hence a very few URI 
events ~~ould project into a high rate. A fourth p-ossible in­
fluence on the high rates was what appears f.rom clinical anec­
dotes to have been a Senuine epidemic of URI and influenza 
during the late winter and spring of 1974 in the Northeastern 
u.s. 

Incidence of Influenza 

The frequency of flu, relatively small in this healthy male 
population, over these 36 months is displayed in Figure W. 
'lpossible" and "probable" flu ench had monthly incidence rates 
ranging from 0 in the summers of 1975 and 1976 to 3% in the 
course of each winter. Again, the spri~ of 1974 appeared to 
be an exception, with monthly rates of 9.5Z' far uprobable" 
flu and 2% fer "possible" flu. The four possible contributing 
txplanations discussed above for URI also apply to these data. 
The format of the original MHR form, the small sample partici­
pating in the first few months of the study, and a p~ssible 
genuine excess of influenza during the early spring of 1974 
appear to have contributed in unknown proportions to the high 
rate observed. From the summer oi 1974 onward, hawever, the 
graph (Figur<'. W) shows a cor.3istent rhyt"m with "possible" and 

., "probable" flu occurring in sillilar frequencies, and higher 
incidences occurring in winters with virt.oaJ.ly no <l1.sease 
occurring iD summers. 

Altogether 866 episodes of URI affectin& 296 men, and 207 
episodec of flu affecting 138 •~n, were diagnosed durias ~he 
three-year scudy. URI a1on~ accounted for 20% of all diagnoses 
render•ld after intake, and tosether with flu, accounted for 25%. 
of all dtaguosea durina the three yeara of surveillance. 

.. 
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SUHl1ARY 

Injuries 

[hformation regarding injuries was gathet-ed from the monthly 
self-reports (Monthly Health Review), the examinations at 
Boston University Medical Center and outside medical reports. 

A total of 325 injuries, mostly mild or moderate, were diag­
nosed over the th~ee years, producing an in~idence of 34.4 
injuries per 100 man-years and accounting for 11.4% of all 
mild, moderate and severe conditions diagnosed after intake. 
Injuries contributed disproportionately to the most sevLre 
conditions, comprising 25.3% of all Level 3 diagnoses. 

Sprabts were the moat frequent type o£ i11jury, followed by 
contusions and superficial injuries, fractures and disloca­
tions, other injuries including burns and concussion, and, 
finally, wounds and lacerations. There were ·only 21 in~uries 
designated severe, and the majority of these were fractures 
or di~locations. 

Anong the 416 men, 30 (7%) had three or more injuri€s each, 53 
had two injuries each, and 89 had one injury each. 

Generally, the ATCs had a slightly lower rate of injury than 
males in the general U.S. populcation, and a somewhat longer 
recovery period. 

• 

• 

• 
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Along with our efforts to determine the extent rlnd sever­
ity of illnesses, we also monitored injuries that occurred 
during the three years of the study. We w~re interested ill 
learning whether the hTCs incurred more or less injury than 
others in the general population, what types of injuries they 
suffered, and whether or not proneness to injury was associa­
ted with, or predictable by. any of the p~ychosocial, biographi­
cal or physical factors that we were investigating. 

Data Collec.tion and Recording 

Inforn~tion concerning injuries was gathered primarily 
from self-reports of the controllers on the Monthly Health Re­
view. Additional information was obtained at the Periodic 
Examinations (approximately 9 months apart) at Boston University 
Medical Center and through outside medical reports. 

Injt~ry diagnoses were recorded by Inte:national Classifi­
cation of Diseases, Adapted N code, and by level of severity 
(see Section IIIC for explanation of the development of sever­
ity levels). 

Incidence 

A total of 325 injuries, Levels l, 2 and 3 (mild, moderate 
and severe), were sustained during the 36-month surveillance 
period, producing an incidence of 34.4 injuries per 100 man­
years. Aa with the analyses of illnesses reported in the prev­
ioUs sections, the trivial, Level 0 injuries were excluded from 
all analyses. 

The 325 injuries accounted for 11.4% of all Level 1, 2 
and 3 conditiona diagnosed after intake into the st.4y. How­
ever, injuries contributed disproportionKtely to th~ most severe 
conditions, accounting for 25.3% of all Level 3 diag~oses. The 
number of injuries and the number per 100 man-years in each cate­
gory of injury is displayed in Table 110. 

AithoLgh exact comparisons with injury dat~ for the general 
population are not possible because of differences in age group­
ing and criteria for in~lusion in the injury count, it is appar­
ent thst the incidence of injuries among the ATCs in our study 
was scmewhat lower than the estimated 39.4 injuries (not age 
specific) per 100 males per year in the u.s. When the ATC rate 
was adjusted to refl~et the same inclusion criteria as'that of 
the government data, the adjusted ATC rate of 37.5 injuries per 
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Type of Injury 36-Month Total Nuaber NUIIber Per 100 Level of Severity Percent oi 
of Injury Events Nan-Years! (No. of Injuries) Total Injuries 

1 2 3 

fractures, Dislocations 41 4.3 15 14 12 12.6\ 
(lCIJ 802-838) 

Sprains (ICII 840-848) 131 13.9 70 55 6 40.3\ 

Lacerations and Wouu~s 20 2.1 16 4 0 6.2\ 
(lCD 870-907) 

Co~tusions ~,d Superficial 102 10.8 89 13 0 31.4\ 
Injuries (ICO 910-929) 

Other (lCD 374, 724, 724.5, 31 3.3 19 9 3 9.5\ 
738.3, 850, 944-949, 996-
996.8) 

Tota! Injuries 325 34.4 209 96 21 100.0\ 
' 

1 Nan-y~ars " avera~e number of Monthly Health Revlews received over 3b-aonth surveillance, or 11,336 7 12 • 944.67 

~----~ 
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100 man-years approached the general U.S. male population rate 
even more c~osely.* 

£mployed ~leo in the U.S. sustained a higher rate of in­
jury (44.5 injuries per 100 employed males) reflecting the fact 
that work-related accidents are an imp~rtant source of injuries 
among the gene~al male population. The air traffic control en­
vironment, however, is not particularly conducive to accidental 
injury, and one would therefore expect a somewhat lower inci­
dence among this occupational group. 

!ype and Severity of Injuries 

As shown in Table 110, the most frequent type of injury was 
sprains, accounting for 40.3% of the total. Contusions_ and super­
ficial injur!es were next most frequent (31.4%), and the remain­
ing types were fractures and dislocati<>ns (12.6%), other injuries, 
includir~ burns and concussion, etc. (9.5%) and wounds and lacera­
tions (6.2%). 

Predictably, the largest number of injuries were relatively 
mild, with only 21 (6.5%) designated Level 3 (severe). A majority 
{57.1%) of these were fractures or dislocations, and the largest 
number of the remaining severe injuries were sprains. Sprains 
accounted for 57.3% of the moderate, and 33.5% of the mild ~njuries, 
whict. were mostly contus_ions anci superficial injurietJ. 

Inju!Y Repeaters 

The number of ATCs reporting repeated injurJ, and the nam­
ber of injuries reported per man is shown in Table 111. Of the 
416 men in the study, 89 sustained one injury each, 53 had two 
injuries each, and 30 men (7%) sustained l or more injuries each. 

Factors predictive of inj'.lries are discussed in Section v. 

Days of Restricted Activity 

Thn total days of restricted activity for ail injuries was 
fo~ to be 3,198, or 338.4 days per 100 man-years. In compari­
son, the estimated number of days of restricted activity caused 
by injurie~ for males aged 17-44 years in the g~meral u.s. popu­
lation (J~ly 1974- June 1975) was 298.7 per 100. 

• (DIIEW Publication No. (liRA) 77-1541, Februa•-y 1977, pp. 9 and 
17. 
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Sine~ the rate of injury for ou·r ATC group was somewhat 
lower than that estimated for J.S. males of reasonably com­
parable age, the higher rate of ''da.ys down" for the ATC group 
could indicate more serioud injuries or slower recovery from 
injury. The fact that a larger proportion of the inj,uies 
among the ATCs involved the more serious categories of £rae­
teres and sprains also helps to cplain the greater number of 
days down. 

Table 112 shows the level of care involved in the injuries. 
Slightly more thon a quarter (27.7%) received no medicPl atten­
tion, approximately ~thirds (67.7%) receive~ doctor's care, 
and 4.6% required hospitalization. 



Level of 
Care 

Selt" 

~edical 
Ambulate 

Hospital 
Inpatien't 

All Lavela 

• 
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ATC Injuries ey Lave1 of Caro and Type of !.njuey 

Fractures 
and 

Di~locaUon 

3 

31 

7 

41 

3prainu: 

49 

81 

1 

131 

lfumber of Inju.riea 

Lacerations 
and 

Wounds 

3 

15 

2 -20 

Contusions 
and 

Superfioia1 
Injuries 

27 

75 

0 

102 

Other 

8 

18 

5 

31 

• 

• 

Total 

90 • • 
220 

15 

325 
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SU:IMARY 

Hypertension 

After examination of criteria for determination of hypertension 
used in several other studies, ~~ ~as decided to adopt criteria 
more suitable for this study. Pre·:alen,.:e cases of hypertension 
were those whose systolic blood pressure was equal to or exceeded 
140 mm Hg or whose diast..,lic pressure was equ.~o.l to or exceeded 
90 mm Hg at both the intake and the next ex&m.ination, normally 
9 months apart. At each examination, two readings of the blood 
pressure were averaged to produce the recorded pressure for that 
examination. Incidence cases were new cases developing from 
among the pool of those free of symptoms at intake, using the same· 
requirement that the elevated blood pressure be shown at two suc­
cessive examinations. 

By app~_ying the criteria of other stud.;.es teo the ATC U.CS data, 
comparisons could be raade of prevalence and incidenct! in the dif­
fering population groups. 

Using the ATC HCS criteria, 135 men, or 32.5: were found to have 
hypertension at intake. Thirty-six additi.onal men (5.7% annualized 
rate) developed hypertension over the course of the study. 

Applying the criteria for determining the condition used in each 
co~parative study to ATC data, the following comparisons of pre­
valence and incidence emerged: 

1) By ~~~ES (U.S. Heclth and ~utritiori Examination Survey, 
1971··74) criteria, 55~ of the ATCs were hypertensive 
(both borderline and definite) at intake, a rate 1.5 
times that of the white U.S. males of the ~~ES population. 

2) By Framingham Heart: Stu~y criteri.a, 64% .of the ATCs were 
hypertensive at intake; for the category of definite 
hypertension alone, this was a rate 1.5 times that of 
males· of cotaparable age in Fz:amingha.a, Massachusetts. 
Ur:der the same ·criteri·a, 64: became hypertensive over 
tl1e 3 years of the ·study (all categories of hypE:rtension) 
producing a ~ate 4 times that of the Framingham males. 

3) ?.y FAA criteria, which aliowed high~r blood ~ressures 
with increasing age and measured the ~load pressure wi:h 
the person in a supine position after ·rest, only 11% of 
the ATCs were hypertensive at intake. 

4) Comparisons with th~ Western Collaborative Group Study, 
1964, apply.ing the Framingham criteria for definite 
hyperteasion, showe1 that the ATCs prevalence of hyper­
tensicn may be 2 to 4 times tnat of the Western Collabor­
ative D"'pulation of middle class men working tn above 
average JObs. 

:;a 
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The various comparisons led to the conclusion that air traffic 
controllers have a substantially ele;:ated risk of' hypertensi.on. 

-~+--·--- ---
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d. Hypertension 

Hypertension is knvwn to be a ccndi.tion having the p>otential 
for future very serious end-organ damage and even the shortening 
of life P..xpectancy. Its prevalence* was prr.viously reported to 
be considerably higher among air traffic controllers than among 
second-class airmen (Cobb and Rose, 1973). We therefore selected 
our methodology carefully, utilizing the- experience of our pro­
ject physician who had been, and is still, a med-ical examiner 
for the Framingham Heart Study. We selected s~veral criteria 
for the diagnosis of hypertension in order to enable us to com­
pare our findings with those of two major epidemiological inves­
tigations of blood pressure levels and hypertension: the 1971 -
1974 Health and Nutrition Examination Survey (HANES) conducted 
by the U.S. Public Health Service using a nationwide probability 
sample of the population (DHEII Publication No. (HRA) 78-1648, 
Sept. 1977, pp. 2-4, 18) and the Framingham Heart Study (Kannel 
and Gordon, 1974, Dec. 30, pp. 31-32), a longitudinal surveil­
lance of a sample of the adult reside!·.t5 of Framingham, Massachu­
setts. We also utilized, for comparison purposes, the diagnostic 
criteria for hypertension established by the FAA for recertifica­
tion of ATCs at their annual medical examinatio,. In addition to 
these three sets of diagnostic criteria from other groups, we 
developed our own diagnostic criteria for'the ATC HCS. As des­
cribed later, these criteria gave us a more stable diagnostic 
decision based on brief anq well specifie~ examination procedures 
which are equiyalent at S:ll ages. The me~hods of exam.tnatio.n 
and rules for making of ¢iagnoses according to these four di£­
fereut criteria are detailed in Table 113.· 

Some comments on the strengths and weaknesses of the various 
diagnostic criteria are in order. The HANES criteria relies on 
a single reading of blood pressure at a single examination for 
the determination of hypertensive status. It therefore would be 
expected to generate the highest percentage of prevalence cases 
if, as ia usually assumed, first reading of blood pressure tends 
to be higher than subsequent readings. On the other hand, when 
more than one reading is used. and the elevation o·f any reading 
can result in the diagnosis of hypertensive status, such as ob­
tains for the Framingham Heart Study criteria, lability of blood 
pressure would prod~ce a l~rge enough number of borderline pre­
valence cases. 

* Any study participant who had experienced the conditions 
listed in Tabl~ 102 at any time before entry into the study, 
or for whom the cc.ndition was diagnosed at ~try. was con­
sidered a rrevalence case. 
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TABLE 113 

four Sets Of Crl teria for Determination Of Hypertension 

Readings 
{ ,_,J:31,o D UtG;,Io.o/ ........... ..... ,,, derl · T ........ """'' 1 011 ... II I N .......................... 
2 Seated, left El ther syst. ~ 160nvn Hg Any combination of 8oth syst.< I~Onvn Hg 

I arm, or 1 If or dlast. ~95mm Hg on two readings other and diast. <.90mm Hg 
Framinr.:~ham second readir.g both readings than those meeting on both readings 

not available, crl teria for deflnl te 
at one exam. hypertensive or 

norrootenstve 

I seated, Either syst. >,loOmm Hg syst. < J60mm Hg and 8oth syst • ..: I~Onvn Hg 

HANES2 
right .-trm, or diast.~95rrrn Hg · di a st.<:" 95rrrn Hg but and d I ast. < 90m Hg 
at one exam not both (140m Hg 

syst. and 90mm Hg 
diastolic 

I Not sp~cifled,. Hust require no medication for control of blood pressure and must 
reclining BP used demonstrateD~ levels no greater than the following maximum 

FM3 
reclining values: Systolic Diastolic 

Age 20-29 140mm Hg 90m Hg 
30-39 ISOmm Hg 90mm Hg 
~0-~9 150mm Hg lOOm Hg 
SO-over 160mm Hg IOOmm Hg 

Average of 2 Eithersystolic.~I4Cmm H~ or diastolic 
seated right ~ 90rm1 Hg on two. successive vi"s its 

ATC HCS arm teadfngs approximately 9 months _apart 
at each of 2 
successive 
examinations 

---. 
Kannel and Gordon, Feb,, 197~. Se=tlon 30, pp. 31-32. 

2 
OHEW Publication No. (HRA) 78-1648 Sept. 1977, pp. 2,3,4,18. 

3 

Any ATC who does not 
meet the criteria 
for diagnosis of 
Hypertension. 

w ... 
"' 

Air Traffic Control S~eciallst Health Progra'!l, Dept. of Transportation, FAA, Order 3930.3, Hay 3, 1977, Appendix I, p.S-6. 

--~-~---,--- --------·· ---· 
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Blood pressures taken of persons lying down are systema­
tically lower than those taken in the sitting position. Extend­
ing the time of recumbent rest before taking the blood pressure 
would also lower the readings further. For these reasons, the 
FAA criteria would tend to generate fewer cases. In addition, 
the usually observed increase in hyper~ension prevalenr.e by age 
would be negated, if not reversed, by the. different blood pres­
sure elevations required at different ages for the diagnosis of 
hypertension by FAA criteria. In general, FAA. criteria would 
designate few~r people as hY-t-~ertensive than either of the other 
criteria described above. 

The· ATC HCS criteria developed by the investigators of this 
stuQ.y calls for the averaging of two re.:dings of the blood pres­
sure, thus reducing the likelihood that novelty effect or lability 
will falsely lead to the diagnosis of hypertension. The observa­
tion in this study and elsewhere that blood pressure shows vari­
-~ility from day-to-day also led us to set the requirem.ent that 
blood pressure must be elevated at two successive examinations 
in order for a diagnosis of hyper,ension to be made. All these 
provisions of the ATC HCS diagnostic criteria tend to reduce the 
frequency with which hypertension is diagnosed and hence, for the 
same group of blood pressure readings, the rates of prevalence 
and incidence of this condition would be lower than obtained from 
either the WU~ES or the Framingham criteria. 

For all of these diagnostic criteria, the incidence rates 
for hypertension 'Would be expected ·to be influenced by the preva­
lence rate ln that the numbe1: of normotensives rem.aining at risk 
for the detet~ination of incidence WQUld be teduced by the number 
of prevalenc'! cases designated at intake. Ir, addition. criteria 
like the HANES, which tend to designate person~ with normal but 
higher and more labile blood pressures as "borderline hypertensives11 

remove these high risk people from the group to' be followed and 
hence, may tend artificially .to reduce future incidence ~ates. 

The comparative findings regarding the prevalence of hyper­
tension in the ATC HCS using the four diagnoatic criteria des­
cribed are displayed in Table 114. The high prevalence rates of 
hyperten£ion as judged by the ~~~S and the Framinghsm criteria 
were very striking. By the HANES criteria, 27% of the men were 
borderline hypertensive and an additional 28% are definite hyper­
tensives for a total prevalence of 55%. The Framingham criteria 
developed an even higher prevalence of hypertension but two-thirds 
of it was in the bor.ferlint: category. Fo:.::ty-four percent of men 
received this diagnosis and nearly 20% addition.:;.l were couside.red 
definite-hypertensives for a total of nearl~ 64%_ prevalence by 
this system. ~either the FAA criter~a nor the ATC HCS criteria 
distinguish between borderline ~nd definite hypertension (see 

• 
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TABLE 114 

Comparative Prevalence of Hypertension Arn:>ng ·Air Traffic Controller 

Sample at Intake to ATC HCS by Four Alternative Sets of Criteria 

Criteria Applied to Prevalence umon ATCs In Sam le ATC HCS blood pressure Border I ine Definite Tot~i Hypertensive data Hypertensive Hypertensive at Intake #Men % #Men % # Hen % 

HANES 113 27.2% 117 28. 1% 230 55.3% 

FRAMINGHAM HEART STUDY 184 44.3% 81 19.5% 265 63.8% 

FAA N/A ti/A 47 II. 3% 

ATC HCS N/A N/A 135 32.5% 

.. 
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Table 115). By the FAA criteria, only ll% of men were hyper­
tensive, but by the ATC HCS criteria 32% received this diagnosis. 

Further st.udies of blood pressures ~d of different criteria 
for diagnosing hypertension were done using blood pressure deter­
m.inations from the sec.ond through fift:l medical examinations con­
ducted at BUSM. This provided the ~eans for checking the stabil­
ity of the diagnoses made by different criteria. Application of 
the·HANES and Framingham criteria to our data demonstrated the 
instability of prevalence and incidence rates for borderline hy­
pertension generated by the use of only one bloOd pressure reading 
or t!Je higher of two such readings _at a single- examination. Use 
of the first; readin& alone produced many "hypertensives11 who were 
responding to the novelty of t~e examination- procedure with .an 
elevation of pressure and whose blood pressures at ensuing exami­
nations were norQal. Two_ readings <'f blood pressure_ at a single 
exam and application of the Framingham criteria, produced many 
cases of "borderlihe hypertansion" on the basis that one of the 

·readings was above the normal cut-off, even though the other was 
clearly in normotensive rang~. ~nations on later dates 
showed a consistent return to normal pressures in most of these 
men. Definite hypertension diagnnsed on the basis of systolic 
pressures 160 ~ Hg or greater or diatolic pressure of 95 mm Hg 
or greater was identified a grPat deal more consistently under 
any of the diagnostic criteriaM 

Because we inte.nded to pel.iO<""m additional predictive studies 
of those Who became ~yperten~ive- duririg the course of ·che ATC 
HCS, we sought a more stable and conservative indicator of hyper­
tensive status. Hence, we adopted the AIC H<.S c-riterion which 
specified that hYFertension would be diagnosed only upon elevated 
b!cod pressure (the average of two readings while sitting: sbp 
equal t~ 140 mm Hg or greater or dbp equal to 90 mm Hg or g~~ter) 
at two consecutlve examinations, which no~lly o~curred approxi­
mat~ly nine months apart. Additional grounds fo~ the diagnosis 
of hypertcn91on ~ intake were the determination by our study 
physician that tht participant {l) had a lthtory of being diagnosed 
as hypertensive by a physician and at intake han eievated blood 
pressure {140/90 as defined above); or {2) had a histvry of being 
diagnosed aa hypertensive by a physician and was currently adher­
ing to a regimen of anti-hypertensive medication. Our ATC HCS 
criteria for diagnosis of hypertension were therefore considerably 
more stringent than either t.he HANZS or the Framingham Study. In 
addition, they differed qualitati,•ely from the criteria designated 
by FAA regulations. 

We decided not to adopt, for our research purposes, the-FAA 
criteria used for recer!ification of controllers upon annual exami­
nation. Our decision w~• based partially on the fact that the FAA 
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acceptance of elrvated blood pressures as normotensive among 
older controllers was not a?propriate to our study goal, which 
was to identih• those: controllers whose blood pressure levels 
becane ele•Jated during the c.oursP of the study and to discover 
the antecedents of this pr~ces~. AnotPer reason for not using 
this criteria was that the use of supine blood pressures and 
the lowest of an unspecified number of i·eadings made comparisons 
with other studies difficult and the resemblance to daily blood 
pressures at work too remote. 

The incidence of new cases of hypertension developing among 
men judged normotensive at intake in·to the ATC HCS is displayed 
in Table 115. In view of the very high prevaler.ce rat~ of hyper­
tensi0n judged to be present when the Framingha~ criteria were 
applied. only. 150 of the 415 men .for whom con:plete Ji.a.gn.Jst:ic 
data at intake was available were considered normotensiv·:'! and at 
risk for new disease. Of these, 14 developed definite hypertension 
and 83 deve~oped borde~line hyp~rtension over the course of the 
next four examinations utilizing the Framingham c~iteria. This 
':'epresented a combined incidence of 657. over a three-~·ear risk 
period. This seems definitely out of keeping with clinical exper­
ience even with presumably h~gh risk sroups. I:: must be r,.!tllem­
bered,. however, that "borderline hypertension" would be diagnos€:d 
by these criteria if either of t-wo rcadi.ngs at any of tht:! four 
subsequent examina~ions ventured above 140 or 90 rE>.spectively. 
But this diagnostic critea.:icn do~.q not seem appropriate for_ clini­
cal or administrative guidanc~ regarding· whdt is clearly a serious 
problem. Still, these data do provide the basis fer comparison 
with other groups of men who were examined repeatedly using the 
seme methodology and decision rules. 

Use of the ATC !ICS criteria yield~d 36 new cases of hyper­
tension over the ·ensuii'Ig four a.xaminationn. When one considers 
that a DJan must have been normotensive at. the intake examine.tion 
and hypertensive at two successive ex~inations to qualify under 
this criterion, it becomes apparent. that the «ctual period at 
ri~k wa.s not three years, but rather about 2.25 yenrs. This is 
tr•Je because hypertension W\!ld h."We to be first diagnosed at 
exam 4 in order to b~ confirmed by the time of the last exaQ1na­
t1~n of the study. This generatP.s an annualized incidence rate 
of ~- 7:: per year which is still quite substantial considering 
the stringency of the diagnostic criteria. 

Comparisons of Prevalence of Hypet;"tension with Other Populations 

Although many studies have been published with data on pi"e­
VR.lence of hypertension among d!ffert!-:lt cor>l.".-lnity and industrial 
grou?s, th~ differences in diagnostic criterja and the age, sex 
and race distributions of the c;tudy population (or lack of spec!-

• 
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TABLE 11:; 

Comparison Of Incidence Of Hypertensi~ 
ATC HCS Study Vs Men Of Comparable~ 

Framingham Study 

Framiilgham 
Study 

ATC 
Study 
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Age Range in 
This Analysis 30-39 years 

N/A 

Medn age: 36 years 

Total Hen Examined 

Hypertensive at 
Intake 

Framingham Criteris 
"Definite" 
"Border I ine11 

Normotensive at 
Intake 

Normotensive 
Bordi!rl if1e hypertenS"fve 
Def-1nite Hypertensive 

Annuali~ed Incidence 
Rates/100 

&orderline Hypertension 
Definite Hypertension 

Total Hypertension 

362 

Status after 
6 years 
Bienrdal Exams 

253 
100 

9 

4.6 
.4 

5.0 

415 

"81 
184 

150 

Stat:.~s after-
3 years 
Nine monthly 

53 
83 
14 

18.4 
3. I 

21.5 

Prevalence 
19.5% 
44.;; 

exams 

.. 

J 
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fication thereof) make it very difficult to derive comparisons 
that would be even partially satisfactory. The most adequate 
sources for comparison remained the DHEW's Health and Nutrition 
Examination Survey (HANES) of 1971 to 1974 an~ the Framingham 
Heart Study. In vietJ of the fact that we bad recorded separately 
each of the several blood pressure readings at each examination, 
we were able to make rather precise comparisons of our findings 
using diagnostic criteria to fit the comparison study. Inasmuch 
a3 our sample consisted totally of ~es, 99% of whom were whit~, 
we cvuld make comparisons with sex-race specific data from these 
epidemiologic studies. CaRpariso~s of hypertension prevalence in 
the ATC HCS with that of white males in other populations by dif­
ferent diagnostic criteria are present"ed in Table 116. These 
data reveal a considerably greater prevalence of hypertension 
among our ATC s.unple whenever similar criteria are used to deter­
Uine cases. This is true no matter which criteria a-e applied. 
The ATC prevalence of hypertension (both definite and borderline) 
~as 1.5 ti~Js that of white males in the U.S. (a\NES data). The 
prevalence of definit-e!: "hypertension, the more·· seve1:e segment of 
the total hypertensive group, by HANES criteria was 1.6 times 
higher among ATCs than men in the general population. Use of the 
Fr-•ingham version of "definite hyperttansion" yielded a 1.5 times 
excess a=ong ATCs as compared with· the populati~n of that Massa­
chusetts town. 

The Western Collaborative Group Study (Rosenman ee al., 1964) 
also measured blood pressure levels in 3,524 ~en employed in white 
collar, engineering and manngerial positions in ten large indus­
tries in California. The WCGS pop•~lation was similar in occupa­
tional prestige, but somewhat higher on the average in education 
as compared to the ATC study group. The WCGS men, however, were 
considerably older than these ATCs. Ueing the Framingham criteria 
for definite hypertension, WCGS men aged 50 - 59 years &t intake 
(average age 53.7 years) had a hyp~rtensive prevalence of 13.9% 
and men ages 40 - 49 y~ars at intake (average age 43.2 years) had 
a hypertensive prevalence of 8.47.. If one then make~ a linear 
extrapola.tion to the average age of 36.2 years (which was th~ 
average for our ATC group)-~ne can estimate by graphic extrapola­
tion what the prevalence rote of hypertension would have been 1.n 
the WCGS if their younger gr~ap had averaged 36.2 years rather 
than 43.2 years. The rate derived by this estimation is a preva­
lence of 4.8%. The observed prevalence in the ATC study using 
comparable diagnostic criteria, vas 19.5% o~ 4.0 times the age 
specific: estimate derived fr01n the very large WCGS study. Ev~n 
if linear extrapolation is noC an accurate procedure, it should 
be noted that prevalence of definite hypertension in the ATC study 
is still more than twir.e the rate of that observed for the WCGS 
men ages 40 - 49 years cYen though the latter group averages 7 
years older than the ATC gr~up. This set of comparisons suggP.sts 
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TABLE 116 

Comoari son Of Pre~:alence Of Hyper tens ion Among ATC HCS Sampl.-! 

Framingi<-1m Hales (.1948) 

-HANES white 
males (1971-711) 

... TC HCS Hales 

Relative Risk 
(ATC/o,her) 

At Entry To Study, 1:ale Residents Of framingham And 
White Males 1., The United States 

%with Definite %with Cdinite HT %with Hyper-
by Framingham by HANES criteria tension by 
Criteria (Syst.:'. i6011Vll Hg) /lANES criteria 
(Syst.<: 160rm~ Hg or or diast.O: 9Smm Hg) (Syst.~ !40rrrn Hg 

Age dlast.;: 9Srrrn Hg)_ or dlast.:::90rm' Hg 

35-39 13. 3% I 

35-44 

25-48 
(av.36) 

19.5% 

17.3%
2 

28.1% 

35.9%3 

55.4% 

I ,I, 7 1.62 I. 54 

%with Hypertension 
by ATC HCS criteria 
(Syst. 2!: 140mm Hg or 
diast. z._90nm Hg) 

32.5% 

Kannel, William 8., H.O. and Gordon, Tavia, editors. The Framinghom Study, An Epidemiological Investigation of 
Cardiovascular Disease,_ Section 29. Ke(l" .. lS at eech examination and lnterexamination veariation of specified char­
acteristics: Framingham Stud~, Exam I to Exam 10. Tavia Gordon and Dewey Shurtbff. December, 1973. Table 

2 

3 

A-22. (DHEW Pub!. No. (NIH) 74-478). 

Blood Pre•sure.levels of Persons 6-74 years, United States, 1971-1974, U.S. Dept. Of Health, Education, and 
Welfa~e, Public Health Servlc~, Hyattsville, Hd., September 1977, Table 40, p. 72 (OH~W Publ. No. (HRA) 76-1646). 

OllEW Publ. No. (HRA) 76-1648, Tables 40 and 42, pp 72,74. 
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that the prevalence cf hypertension in the ATC may be 2 to 4 
time's that of middle class men working in above uverage jobs.. 

Comparisons of Hypertenslon_ Incidence Data 

There is very little information on incidence of hypertension 
in the U.S. Repeated measures of the same population at annual 
intervals are a prerequisite for such data. Rough estimates of 
th~ incidence of hypertension, however, have been offered by ex­
perts in the field on the ba.sis of their reviews of published epi_. 
1emlologl~ data (Stamler, 1968, p. 152; Julius and Schork, 1971). 
Incidence was estimated to be within the range of approximately 
1:4 to 4% per year among 'persons approximately 30 to 60 years of 
age. 

In order to obtain a more precise estimate of incidence of 
hypertension in a comparable population, the ATC HCS investigators 
obtain~d ac~ess to printouts of hypertension data from the Fram­
ingham Heart Study. We are indebted to Dr. H. Emerson Thomas, 
Co-principal Inve ~!gator; Mrs. Pat McNamara, Research Associate; 
and tJ Dr. Ber!lard E. Kreger, Examining p,,ysici:tn, for making 
these computer printout'l available r.o us for this specific pur­
pose. Tl":e prfntouts conta:fnAd a listing of all normotensive 
ent~~nts into the Framingnam Heart St~dy by secret I.D. number, 
age, sex, hypertension status at intake and hyperi:ension status 
at each of the next sev£ral biennial e~aminations. By re-checked 
hand counting we determined that there were 362 normotensive 
males, ages 30 - 39 years entering the Framingh.am Study. Aftt!r 
3 biennial examinations (•ix years of follow up) 253 remained 
normotensive throughout the period, 100 showed borderline hyp~r­
tt:nsion on one or more occasions (but not definite hypertensiJ>n) 1 

and 9 showed definite hyperter.sion. This yielded annua!ized in­
cidence rates per 100 men of 4.6 for borderline, 0.4 for definite, 
and 5.0 for total hypertension. These data are presented in Table 
115. By comparison, applying the same Framingham criteria co our 
ATC men and making appropriate adjustments for the differenti.11 
time at risk, the annualized incidence rates per 100 men in the 
ATC HCS were 18.4 for bordLrline hype~tension, 3.1 for d~finHe 
hn>ertension, and 21.5 for total hypertenP".on. For all categories 
of hypertension, ATC men showed at least a four--:old increased 
risk as compar~d to Framingham men. 

Even when the more stringent dias~ostic cr:t.i:erion developed 
in our own study was used for the diagnosis of hypertension tnci­
(~nce. an annualtzed r-ate of 5. 7 pPr 10() ~er year is generaterl. 
DP.spite the stringency of the criteriont this is approxima~ely 3 
times Lhe incidence estimated for the general population by re• 
viewers of the epidemiologic literature. 
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Our general coaclusion, then, is that air traffic con­
trollers have a substantially elevated risk of hypertension and 
this is observed both when a cross-Rectional measure is taken 
at intake or when inciaence figures are calculated in longitu­
dinal study. We estimate that the prevalence of hypertension 
among ATCs is between 1.5 to 2 times that of the general popu 
lation, bur. that incidenLe rates are from 3 to 4 times that of 
comFarable men in other lines of wo~k or in an average community. 
Hypertension is thus the most serious he~lth problem among air 
traffic controllers, and high priority should be placed on dis­
covering the circumstanceG respvnsible for it and types of per~ 
sons most susceptible to tnese circumstances. 
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SUMMARY 

Hearing Imoairment 

Air conduction audiograms and speech discrimination ~est.-; perform 
ed by a professional audiologi'5t at Boston Hniverf'it~· Medical 
Center revealed the followi~: 

l) ATC ~ean thresholds at 4,000 and 6,000 Hz were 
7.2 dB poorer at 25-29 years of age than non­
noise exposed males and the differences inl:reased 
with age; 

2) High frequency hearing loss observed in the ATCs 
is consistent with the audiometric pattern ~9soc­
iated .,ith noise exposure; 

3) The hearing loss was associated with age, but not 
with years._gf experience as a controller; 

4) High frequency los~ was particularly marked in 
men over 40 years o! age; 

5) 98.67. of the ATCs passed word tests l.n which they 
were. required to repeat paiES of two syllable 
words, one presented in each ear, in a partially 
overlapped manne~; 

6) No psychosocial predictor variables were found 
to be associated with hearing out~omes; 

7) No a3sociatiO~ was iound between hearing impair­
m~\lt in the "good11 ear and measures of job­
related stress; 

8) Men who were hypertensive at intake were signifi­
cantly more often among those founct to have severe 
hearing losses at Round 3. 
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~. Hearing Impairment 

Air conduction audiograms were done at Daniels Hearing 
Center of University Hospital, easton. ~iaBsachusetts on 351 
subjects t!nrolled at Round 3 of the ATC study; Bone conduc­
tion thresholds were obtained when ait conduction was abnor­
mal. Speech discrimination ability was tested at 40 dB above 
the pure tone average using Norrhwestern University Auditory 
Test No. 6. All testing was administered with 50 dB of speech 
noise in the non-teRt ear. The Staggered Spondaic Word Test 
was adminiRtered at 50 dB HTL or 40 dB above the pure tone 
average if thresholds were greater th~n 25 dB. 

The air traffic controllers' mean thresholds at 4,000 
and 6,000 liz w~re 7.2 dB poorer at 25-29 years of age than 
non-noise exposed males. The difference between controllers' 
thresholds and the NIOSH data increases with each age group, 
falling 16.5 dB below th~ norms at age 45-49. Many of the 
controllers have a history of milililry service and employ·· 
ment in various aspects of aviation. Our data has not yet 
been analyzed co co~pare the hearing thresholds of controilers 
with oth~r occupation or recreation-relateJ noise exposure 
to those with no history of exposure pr!or to work experience 
in this field. How~veL, our test results indicate that the 
air traffic controllers had significar.tly poorer thresholds 
at 4,000 and 6,000 Hz than non-noise exposed aalea of the 
same age. The configu~ation of controllers' composite audio­
grams shows the greatest loss at 6,000 Hz for all age groups 
with a mean recovery of 4 dB at 8,000 liz. A high frequency 
heAring loss of this typ~ is consistent with the audiometric 
pattern associated with noise-induced hearing loss. 

The mean air conduction threshold for all 702 ears was 
compared with NIOSH median hearing threshold for non-noise 
exposed males by frequency. These data ar~ presented in 
Table 117. 

Hearing loas at each frequency waa studied in relation 
to the ATCs' apes and years of experience in tha FAA. These 
two var1able9 are, of course, highly correlated. When years 
of experi~nce in the FAA waa controlled for age, it waa 
not significantly associated vith hearing loss. However, 
when age was studied, with experience controlled. age remain-­
ed strongly associated with hearing loss. Hig~ frequency 
loss was particularly marked in men over 40 yeara of age, more 
ao than one would have predicted by extrapolating from young­
er ATCs. There is reason to suspect that many of this older 
cohort had exposure to intense noise early in their working 
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TABLE 117 

Hean Air Conduction Threshold Of 
351 ATCs And A Gfoup Of Non·Noise Exposed Males 

FREQUENCY Hz 500 1000 !O.QQ. 3000 4000 6000 

.\~e Graue 

25-29 NIOSH Data• 11.0 5.4 3.8 5.6 7.4 10.8 
ATC Mean 8.1 6.6 7.0 8.6 14.3 18.2 

30-34 NIOSH 11.8 6.0 4.6 7.0 9.8 13.6 
ATC He an 9.2 7.3 7.6 12.9 18.0 20.8 

35-39 NIOSH 12.6 7.0 5.6 9.0 12.4 16.6 
ATC Mean 8.4 7.2 7.9 13. I 21.8 24.2 • 

) 
' 40-44 NIOSH 1).6 7.6 6.6 11.2 15.6 20.4 
,, 

) 
ATC Mean 10.6 10.2 12.2 2G.5 29.6 33.0 

45-49 NIOSH 14.4 8.4 8.0 13.8 19.4 24.4 
ATC 1tean 1). 3 14.0 14.0 23.3 35.8 41.0 

• 
NIOSH Hadian Hearing Levels for non-noise exposed mal~s published In Criteria 
for a Reconmended Standard ••• Occupational Exposure to Noise, U.S. Dept. HEW,I972. .. 
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lives (perhaps before entering the FAA) to a degre~ not exper­
ienced by the younger men. 

An audiologic test of particular ir.terest is the Stagger­
ed Spondaic W~rd Test. This test involves verbal repetition 
of 2 two-syllable words, one presented to each ear in an over­
lapping manner. This task is particularly relevant to 'the 
competing noise and messages encountered daily in rapid sequ­
ence py ATCs. It is encouraging to note that 98.6% of our 
ATC participants passed this test. 

7he audiometric results for the worse of the two ears for 
·each man were considered to be an index of the full extent of 
the pathology of hearing loss and was utilized as a hP.alth 
outcome measure. None of the psychosocial predictors from 
Rounds 1 and 2 were associated with this outcome. 

The result for the better ear for each man was considered 
a predictor. It was hypothesized that a man who had sevl!re 
hearing loss in his "good enr" wo.uld encou...'"ltf!r more job­
related stress because of this limitation. Statistical 
analyses of the psychosocial stress measure did not reveal 
significant associations. 

One finding of interest was the relation of hypertension 
to hearing loss. This may have been.influenced in part by 
age. Men who were hypertensive at intake into the study 
were significantly more oft~n among the men found to have 
more severe hearing losses at the Round 3 audiologic exam. 
This association held both fur the better and worse ear for 
the men. Cne possible implication of the finding is that if 
it is administratively unwieldy to provide full audiologic 
examinations to all ATCs, t~eae should at least be provided 
for men with higher blood pressures. 

The audiology ~!nations were perfo~ed by Nancy J. 
Miller, M.A., CCC. in Audiology, Director of the Daniels 
He.uing Center. 
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SUMMARY 

Frequent Complaints~ Sleep-Problems and Headaches 

Headaches wer~ the most common health complaints of the ATCs, and 
sleep problems were second most common. Thirty-five percent of 
the men reported that they had sleep problems four or more times 
a month. When all sleep problems were considered, the two most 
frequent explanations offered were: "Too many ideas spinning 
::hrough my mind11 (given by 70%) and "changes in sleeping schedule 
such as changes in work shifts" (given by 69%). 

Responses to an inquiry as to their best and their worst time of 
day indicated that the ATCs varied greatly in th~ time of day when 
they considered themselves to function best. 

In response to a questionnaire, 48% of the men reported headaches 
during one month lasting more than 1 hour, and 33% of these had 
headaches &o severe as to stop their normal activity. However, 
only 6~ had the more severe headaches on three or more days per 
month. Although headaches were a common probl~ among the ATCs, 
they were, fer the most part, not disabling. 
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f. Frequent Complaints: Sleep Problems and Headaches 

Sleep Problems 

Trouble getting to sleep, or staying asleep until the de­
sired t~e for awakening, was the second most common health 
complaint reported monthly by participants in the study, exceeded 
only by the frequ~ncy of prolonged headaches, Sleep problems 
were reported as occasional difficulties by 15% of the men each 
month and as a continuing problem occurring more than half the 
ttme by another 10% of the participants. No systematic seasonal 
chapges in the prevalence of sleep problems were noted over a 
two-year period. The substantial prevalence of sleep prcblems 
and their implications for health and effective functioni.ng as an 
air trafff.c controller led us to a more detailed study of this 
problem in Fobruary, 1977. 

The Sleep Questionnaire 

A one-page questionnaire regarding sleep problems. and their 
presumed causes was added to the monthly mailings sent to 315 
ATCs active in the study at that date. Two hundred sixty quest:f.on­
naires were returned with sufficiently complete data for analysis. 
This represented an 83% completion rate. 

Respondents were asked to indicate how often during :he past 
month they experienced each of four ki~ds of sleep problems: 

a. trouble falling asleep, 

b. trouble staying asleep {awaking far too soon 
and not being able to get back to sleep), 

c. waking up several ttmes per night, 

d. waking up "fter tlv;ir usual aMOUnt of sleep 
feeling tir-ed and worn out. 

The reaponse distributions to each of these four questions 
remarkably siMilar, About one-third of the men reported that 
had n?t eocountered the probl~ at all, Another third indi­

thoy i·-ad hAd sleep problema only from one to three ti>les 
the month; about one-fourth reported that they had these 

ou four to fourteen occasions; and about 10% reported 
they had them fifteen or more days during th~ month. These 
are displayed 1n Tablll 118. 
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TABLE li8 

Freguencl!: Of Reported Sleeg Problems 

Among 260 Air Traffic Controllers 

Problem How of_t_en occurr in~ this IT"Onth7 
Not at 1-3 4-14 15+ 

all days days days ~ 

32.4% 31.3 26.Z 10.2 100% 

le staying asleep 
ing 11E.arly wal<ing" 37.0 26.3 26.7 10.0 100% 

sever a 1 times per 
34.1 31.4 22.4 12.2 100% 

tired and 
27.8 32: I 31.4 8.8 100% 
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Concurren~e of Different Sleep Problems 

Analysis was undertaken to s~e whether the four different 
types of sleep prnblems occurred independently of each other 
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or in combination in the same individuals. The number of nights 
a parti~ipant ~as troubled by each problem in the reported month 
was stratified into four levels: not at all, 1-3 days, 4-14 
days, and 15 or more days. Cross-tabulations of the frequencies 
of sle~p problems by each other revealed a strong degree of assoc­
iation. The chi squares generate~ amongst the six possible pairs 
of these four variables ranged fro01 38 to 200 (<:ith nine degrees 
of freedom)--all h~ghly significant. The gamma statistic, a 
measure of association, ranged from +.38 to +.77. These data are 
presented in Table 119. 

The association is illustrated, for example, ty the 79 ATCs 
who had trouble falling asleep only 1-3 days in the past month, 
and of whom only two (2.5%) reported trouble staying asleep 
throughout the night on 15 or mor~ occe_sions. In contrast, of 
the 27 men who had trouble falling aRleep on 15 or more nights 
of the month, 13 (30%) also had trouble staying asleep during 
the ~~e number of nights. A~ one might suspe~~ the strOngest 
association vas between waking far too early and waking up seve­
ral times during the night. The lowest associations--though 
still highly significant--were between waking up after the usual 
amount oi tlme feelin;; t:tred and worn out and the three other 
forms of insomnia~ 

ATC Explanations of Their Sleep Problems 

Considering all sleep difficulties collectively, the most 
frequent caus~ stated by respondents to the questicnnaire wAs: 
utoo many ideas spinning through my mind." Seventy percent af 
men offered this explanation. "Changes in sleeping schedule '3uch 
as changes in work shifts," was offered as an explanation by 69%. 
Fifty-five percent thought worrie< or problema contributed to 
sleep diffic~lties. and the remaining suggested causes were all 
endorsed much less frequently. 

It woald seem reasonable to expect that different r .. nlfes­
tatious of sleep problema would be associated with diHerent 
beliefs as to their causes. Similarly, it seemed qui~e likely 
that presumption of cause might difhr systematically between 
people who rarely had a sleep problem and those who had one very 
often. To answer these questions. cross-tabulati~ns were made 
betwe~n the monthly frequency of the probl2m and the reported 
causes. separately for each typa of sl~t:.p probl~. 

R~spondents who had trouble falling asleep four or more days 
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TABLE 119 

.!_~_rcvrrelations of Four Types !Jf Sleee f"roble'lls 

in a Specified l"lonth for 256 Air Traffic Controllers* 

) Trouble F~llingAsleep 

Trouble Staying Asleep 
(including waking too 
early) 

Wake up Sever~) Times per 
tjj ght 

Wake up After Usual Amount 
Feeling Tired and Worn Out. 

(2) 

.6g 

I4G.s 

(3) 

.so 

73.5 

.7] 

200.] 

(4) 

.44 

57.2 

-43 

50.) 

.)8 

38.0 

260 men, only the 256 who gave some answer (ranging from "not at all" 
"22-)1 days") to each of the four questions Involving s Jeep problem• 

included in this anal~sls. 
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during the month were more likely than men wit.:h lesser fre­
quencies of this problem to attribute it to changes in schedule 
or worries or problems. Men who reported trouble falling asleep 
4-14 days in the past month more often attributed the problem 
to "things eaten or drunk11 before retiring than did men who had 
this problem only rarely or those who had it 15 or more days per 
month. Persons who reported waking up feeiing particularly 
tired and worn out four or more days in the previous month more 
oftet. attributed their excess fatigue to worries or problems 
than did persons who experienced this problem only rarely. It 
should be noted that persons were permitted to endor-se as many 

· posoible causes for their sleep pro~lems as they felt might apply 
and that only a minority of those h~ving such problems reported 
that they had no ideas as to the causes. N~vertheless, there 
was an association between high frequencies of problems and per­
plexity as to their cause~ Respondents who reported trouble 
staying asleep, waking up several times per night, or waking up 
feeling tired or worn out on 15 or mo1:·e days in the past month 
more oft~n had no ideas about the cause of these problems than 
did persons who reported these problems leas frequently (Tables 
120 - 123). 

The hypothesis that different types of sleep problems 
would be associated with different explanations of cause was 
not supported. For these analyses, we considered only those 
~espondents who repo~ted a given problem four or more times per 
month. For all four sleep problema, the most common causes 
cited were: changes in schedule, too many ideas spinning through 
one's mind, and worries or problema. Change in schedule was the 
most frequently ci.ted reason for trouble falling asleep, trouble 
staying asleep, and waking up after rest feeling worn out. Ninety­
o~e percent of p~rsons who woke up feeling .fatigued 15 or more 
days in the reported month believed changes in schedule to be the 
primary reason for their problem. "Too many ideas spinning 
throu&h my mind" was moat frequently cited by those who woke up 
frequently during the night. "Worries or problems" was, for 
most groups and most types of sleep difficulty, the third most 
frequently cited cause. 

Best and Worst Time ~f Dav ~or AT~s 

At the same time that sleep problems were inquired about, 
participants ~ere ask~d to indicate which tim~ of day was best 
for them and whlch time of day they found most difhcult. Tl.e 
task was introduced as follows: 

"Some people f~t:l far better--more alert, 
competent, and happ:7-4t one time of day, 
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or drunk 

use of the 

or problems 

s in schedule 

TABLE 120 

Reported Causes Of Sleep Problem 

By Type And Frequency Of Problem 

11Trouble Falling Asleep" 

Monthly FrequPncy of Problem 
N•78 N•65 N•25 sign if-
-I 3 d avs 4 14 d 15 d I ' - avs + avs cance ~ 

15/76 27/63 6/22 
.20 .43 .27 .01 

13/76 12/61 3/22 
.17 .20 .14 ---

58178 55/65 21/26 
. 74 .as .81 ---

36/75 44/62 21.25 
,1,8 .71 .84 .002 

59/79 57/66 21/25 
.]5 .86 .84 .004 

allowing enough time 25/76 28/61 8/22 
.33 .46 .36 ---

Ideas about cause 5/61 0/33 7/20 
.07 • 13 .32 .01 

probability by chi square that the group with different fre­
les of sleep problem differ In rates of endorsing this "ca~se." 
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TABLE 121 

Reported Causes Of Sleep Problem 

By Type And Frequency Of Problem 

"Trouble Staying As1eep 11 

Monthly Frequency of Problem 

379 

N~62 Na60 N•25 slgnif-

Things eaten or drunk 

Repeated use of the 
bathroom 

Too many [deas spinning 
through head 

Worries or problems 

Changes in schedule 

Not allowing enough time 

No ldea about causes 

• 

1-l days 

19/62 
. 31 

18/62 
.29 

52!66 
.7~ 

36/62 
. 58 

46/66 
.70 

24/62 
·39 

5/44 
.II 

4-11 days 15+ days icance* 

25/60 5/25 
.42 .20 ---

9/58 3/25 
• 16 .60 ---

54/64 18/25 
.69 .72 ---

44/62 17/24 
. 71 .]I ---

52/64 19/25 
.81 .76 ---

25/60 7/23 
.42 .JO ---

7/37 8/20 
.191 .40 .03 

Indicates probability by chi square that th~ group with different fre­
quencies of sleep problem differ rn rates of endorsing thls "cause. 11 

j 
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Things eaten or drunk 

nepeated use of the 
bathroom 

TABLE 122 

Reported Causes Of Sleep Problem 

By Type And Frequency Of Problem 

11Wake Up Several Times Per Night' 

• 

Monthly Frequency or Problem 
N•75 N•53 N•29 sign if-
1 3d 4 14 d 15 d 0 * - avs - ays + ays l,..a:"lCC• 

·. 

29/75 18/53 8/29 
-39 .. 34 .28 ---

14/72 15/54 8/30 
.19 .28 .27 ---

Too many ideas spinning 
through head 

61/79 46/56 
.]7 

23/30 
.92 ./7 ---

!Jorrles or problems 

Change in schedule 

Not allowing enough 
tirM 

No Idea about cause 

• 

48/76 

56/80 

28/74 

3/53 

35/54 
.63 

41/55 
.70 

26/54 
.38 

8/37 
.06 

18/28 
.65 .64 ---

20/30 
.75 .67 ---

7/26 
.48 .27 ---

10/21 
.22 .48 .000 

Indicates probability by chi square that the groups with dlff~rent 
frequencies of sleep problem differ in rates of endorsing this "cause.'' 
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Reported Causes Of Sleep Problem 

Sy Type And Frequency (}f Problem· 

11Wake up After Usual Amount Feeling Tired" 

Monthly Frequency of Problem 

381 

N•77 N•74 ~19 slgnif-

Things eaten or drunk 

R~peated use of the 
bathroom 

100 many ideas spinning 
through head 

Worries o~ problems 

Change In schedule 

Not a I lowing enough 
time 

No Idea about causes 

* 

1-3 days 

25/77 
.32 

17/75 
.23 

54/78 
.69 

36/74 
.49 

55/79 
• 70 

32/76 
.42 

3/!il 
.06 

4-14 days 

25/74 
.34 

16/74 
.22 

60/78 
.77 

55/74 
.74 

58/77 
. 75 

29/73 
.40 

10/52 
.19 

15+ days icance* 

4/19 
.21 ---

7119 
.37 ---

18/22 
.82 ---

15/22 
.68 .005 

20/22 
.91 ---

13/20 
.65 -·· 

4/15 
.27 .~s._ 

lnd~cates probability by ch! square th~t the group with different 
frequencies of sleep problem dlffer ln rat...:'~ of endorsing thfs "cause." 
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but noticeably below that level at other 
times. You hear someone saying; 'I'm a 
rutlrning person' and another: 'I'm a night 
owl.' 
For ~ach description, please check the one 
set of hours which best fits." 

• 

The. following choices of hours were provided tv be checked 
as the best time of day or the most difficult time of day: 
7 a.m.-12 noon, 12 noon-S p.m.·, 5 p.m.-10 p.m.; 10 p.m.-7 a.m., 
and "ali times are the same." 

There was a surprising spread of nominations for the best 
time of day and the most difficult time of day. Morning hours 
were most commonly picked in both of these categories (see Table 
124). Thirty--six percent of the men felt morning was best for 
them, about one quarter of resrondents picked aft"ernoon, and 
another quarter picked evening hours, while only .5% perceived 
the midnight hours as th~i~ best time. 

With respect to the most diffirult time of day. nearly 30% 
picked morning, 7.52' picked tlte midnight hours, about 19% picked 
afternoon and th~ s~e percent picked ev~ning. About 10% of the 
men said that all times of day were about the same for them. 
Editing of these data suggested that the questionnaires were 
answered thoughtfully and meaningfully. None of the 244 res­
fondents to this series of questions cP.ecked the same time of 
d;.y as being both best and worst. Cross-tabulations of answers 
to these two questions revealed that men for whom the morning 
hours were best tended more often than the total respondent 
sample to pick afternoon1 and evenings as their worst time of 
day. People for whom evenings (5 p.m.-10 p.m.) and midnight 
ho .. rs (10 p.m.-7 a.m.) were best times of day tended rather 
strikingly to say that morning was the most difficult and clumsy 
time for them. 

Conclusions 

These findings suggest that not all people are equally 
comfortable or equally capable of working the sevP.ral shiftb 
which ATC work requir.es. It would be worth investigating the 
benefits to be gained from assigning pet!.O~"' wherever possible 
to work at the times of day when they a=e more energetic, alert, 
and capable and not assigning them to the times when they feel 
tired, irrita~le, or inept. This suggll!stion 1-s further sup­
ported by the analysis of the sleep problems data ea~lier in 
this section. Here it was found that changes in alee?ing ache­
d~le, such as caused by changes in work shifts, were amcng the 
most common reasons given fur frequent probleos in falling 
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Till!LE 124 

Preferred And /!ost 01 fficul t Time Of Day 

For 244 Air Traffic Controllers In February, lz77 

Ses t time of day 

Worst time of day 

If the Best Time was: 

7am-l2pm 

12pm·5pm 

Spm·IOpm 

10pm·7am 

All the same 7am·l2pm 12pm·5pm Spm·IOpm 10pm·7am 

)6.5 

28.7 

27.5 

18.9 

~7.5 

18.9 

4.9 

24.2 

The most frequently selected Worst Tim~ was: 

12pm-5pm and 5pm·l0pm 

10pm·7am 

7am·l2pm 

7am·l2pm 
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asleep, staying asleep, and waking up ref~eshed. It would be 
important to dPtermine what relationship, if any, these ver­
bal reports may have to differences in the quality of work 
and the percen: time actually spent on the boards during morn~ 
ing, afternoon, and night shifts by men who are working pre­
ferred vs. disliked time schedules. 

The presence of sleep problems was cross-tabulated by 
~ost preferred and least preferred timo of day. No signifi­
cant relationships were found. A few trends were noted which 
further supported the internal consistency of the data but did 
not pr·ovide a basir. for further programmatic suggestions. 

Headaches 

Headaches were th@ physical healch problem most commonly 
reported on the Monthly Health Reviews returned throughout the 
study by our ATC participants. In the average month, about 184 
of the men reported headaches that lasted more than one hour and 
were not part of illness episodes. In addition. 4% of the men 
reported sUch he~daches for at least half the days of the month. 
There was no regular cycling of headat::.he prevaA.ence by the sea­
sons although there was a tendency for fewer reports of headaches 
in uummers than in autumns. The seaoonal prevalence of headaches 
for 1975 and 1976 is shown in Figure X. These data suggested 
that headache was quite a problem among the ATCs, but comparison 
with other occupational groups was impossible because none have 
been as thoroughly or repeatedly monitured for this symptom as 
the participants in the ATC· HCS. 

Becau~e of the high prevalence of headaches, it W&. deeme.d 
adv~sable to obtain a more detailed picture of the frequency, 
severity, duration and other physical properties cf this common 
problem. A headache questionnaire was dev~loped after a review 
of the clinical and epidem1olog1cnl stud.'~• o! headaches which 
have b .. wn published >n the medical litera,~re. Th1a questionnaire 
wae pilot-tested, revioed and then circulated to the entire otudy 
group in ~·ebruary, 1977, accompanying the mailing of the Monthly 
Healt~ Review. The data which follow were derived from the 264 
cot:tpleted questionnaires that vere returned. They repreoent a 
detaihd picture of the frequency, oeverity and phya1cal proper­
t1ea of headaches experienced during February, 1977. 

OnQ or more head•~hee ~ere reported durina the study month 
by 69% of the 264 ru,·ondenta. llowever, only 48::; o! th" men had 
headaches lasting !or more than one hour and only 33; reported 
heac!ach•• ao •evere that "they m..de you stop what you were doina." 
Forty percel!t o! tha man reported l,udllches on throe to tlln day11 
of the month 4t".d 4% r!tport~ such symptOU!S .ora than 10 daye of 
the month. rrolongcd or oever.e headaches wore much leoa frequent 
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FIGURE X 

SEASONAL PREVALENCE OF 
HEADACHE (LASTING MORE THAN 1 HOUR) 
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wtth only 23% of the men reporting headaches extending more than 
one hour on three or mor.e days of the month, and only 6: report­
ing eeverity suffi~ient to force a cessation of activities on 
th~ee or more days per month. 

We were interest~d ir dete~ining wh~Ch among these headaches 
could be considered migraine, muscle tension, or other types. 
Considerable work on computer diagnosio of headache type from 
s~lf-reported symptoms has been performed at a number of medical 
centers. We were particularly guided by the ~~rk of Stead and 
colleagues :stead, et al., 1972), and aided by the epidemiologic 
studies of A.M. Ostfeld (1962) aui by anoth~r study of computer 
diagnosis which used c£iteria si~ilar to those derived by Ostfeld 
(Freemon, 1968). The diagnostic criteria for vario~J type9 of 
headach~s used by Stead and his group vere based on criteria sug­
gested by the Public ~ealth Service Committee on Classification 
of Headache. Using these criteria and the scoring cut-offs pre­
sented in the paper by Stead, et al., it was determined that 27 
of the 264 respondents (10%) were susceptible to migraine head­
aches, 10 men (4%) were subject r:o classical muscle tension hearl­
aches, 15 men (6%) were susceptible to cluster headaches. 

The symptom series and computer logic o~ the Frezmon System 
for Diagnosing Headaches could not be duplicated exactly. Never­
theless, there was fairly close agreement between the F~eemon and 
the Stead systems with 24 of the 27 migraine caseu diagnosed by 
the Stead aysteDI, also so classified according to Fr~emon. Many 
of the headaches reported by ATCs wP.re not classtfi.able into 
strictly defined diagnostic groups. Tnis ie ptobably also the case 
for headaches presented for diagnosis at Neurology Clinioa. The 
following description of the characteristics of headaches and 
their circumstances of occurrence is based on all respondents who 
either had headaches lasting for more than one hour or had such 
severe ones that thP.y forc~d cessation of activity. About 112 
men gave detailed descriptions of such headache experie~cee ciuring 
the month otudiPd. 

Just b~fore the headache: 

1. 30: of m~c with at least occasional prolonged or ~~vere 
headache& lr.portecl that the 1111.1ecleo o! their head or 
neck felt tight. 

2. 26% said their eyes became sensitive to light, but 27t 
said that usually they had no prodromal symptoms at all. 

Starting location: 

l. For 42% with headache&, starting location was around or 
behind the eyes. 
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2. For 30%, the headaches usually started at the back of 
the head or neck. 

3. For only 16~ was the heada~he initiated unilaterally. 

Usual time of occurrence 

1. For over 30% of Lhe men, periods of intense concentra­
tion, or periods of wort'y or emotional tension surrounded 
the headaches. 

Type of pain! 

1. Half of the men reported that they usuaHy had a dull 
steady ache or pain. 

2. Thirty percent reported a steady pressure and 27% re­
ported throbbing or pounding. 

]. Thirty-one percent reported that bright lights made the 
head<J.che worse. 

Duration of headaches: 

1. Since h~adaches lasting less tllan one hour were not re­
ported unless severe. the distribution c,f remaining 
headaches by duration was truncated. Nevertheless, it 
was interesting that seven of the men reported that their 
headaches uRually last•d more than eight hours and 20 
additional ~n re?orted that they occaaionally lasted 
that lot~. Thus 10% o the total Qen report:ng (with or 
without head~ches) had .. aadaches of ei;;~ht hours or greater 
duration, at least occasi~nally. 

Severity 

l.. As expected, mont headaches most of the time did not 
interfete with ongoing ~ctivities. However, 8 men re­
ported that they usually had pain of sufficient severity 
to force them to &top wh~tever they were doing, and 37 
men reported that they oc~o41onally hsd such pain. This 
repreoectsd 3% and 14%, respectively, of the total group 
of respondents. 

~f of Read~ches 

Of the 112 men 
achoa, 58:f got 
percent needed 

rov~r~1ng either p~olonged or oevere h~ad­
adequa•e r•lief from aspirin. Twenty-[our 
stronget' non-preec:ription pain reliev4rft, 
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• 

while 44% got relief without drugs, through relaxation, 
massaging the head or neck or other procedures. 

It was not possible for us to compare the prevalence and 
severity of headaches among ATCs with the experience of other 
groups because publish~d data are derived from patients who Pre­
sented themselves at general medical or headaches clJnics. Al­
t.hough headaches seemed to be quite common among the ATCs, ~h~y 

were, for, the most part, of short duration and not disablina. 
It would be useful _to do a more extensive analygis of the 23% of 
men with prolonged headaches and the 6% of men with very severe 
headaches, to decermine psycho~ocial and physical characteristics 
associated with these problems. This type of analysis waa not 
possiole in the time available for the present study. 
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D. Psychological Health Outcomes 

While it was as important to assess psychological health out­
comes as it was to evaluate physiCal health outcomes. the methodo­
logy for determining psychological health change was neither as 
standardized as that for diagnosing physical health change, nor 
was the severity of psychological problems as consistently defin­
able. Nonetheless, w<. sought a methoo.ology that would provide 
both objective assessments by psychology profess!.onals and sub­
jective reports by the ATCs thaoselves of various aspects of psycho­
logical functioning both at entry into the study and throughout 
the J~year surveillance period. We were interested in determining 
the prevalence and incidence of psychological problems to gain 
some un1erstanding of the general level of psychologic~! function­
ing of men involved in this unique occupation, and we were equally 
interested in ascertaining whether or not it was possible to iden­
tify those who would later deveiop psychological problems by any 
pred:l.ctive measw:es. We weighed car~f'Ylly the numerous options 
avajlable for assessing psychologi~al health - such as clinical 
interviews, clinical psychological testing, self-report personality 
inventories, structured interviewa. syoptom inventories and beha­
vioral tndices - and eventually selectad an approach that would 
yield both objective assessments in depth at less frequent inter­
vals and self-reports on symptom check-liats at mare frequent 
intervals. 'fhe objective assessments WPre accomplished by use 
of the Psychiatric Status Schedule, a standardizad structured 
interview. and the self-reporta were transmitted via the Zung 
Anxiety and Depression Scales accompanying the Monthly Health 
Review. These instruments and their uae are deocriLed in the 
firet section below. A description of the criteria for index-
ing psychological health changes by levels of severity follows 
in the second section; and the findings of preval&nce and inci­
dence of psychological problema are praseuted naxt. The find-
jugs and diacuse!on conce~1ng early identification of persona 
prone to paycholcgical problema 4re presented in Section v, 
Predictive Findings. 
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SUMMARY 

Hetht;'ds of. Meas•lrr>.l71.Ent of Psychological 
Health Outcomes 

Psychological health outcomes were assessed in two ways. First, 
the ciajor psychological health outcomes were evaluated by tr~ined 
psychologists using the Psychiatric Status Schedule (PSS), a 
structured clinical interview proced•&re. The PSS \t."as sele~ted 
becaui'Je it had bt'.en devise'! tc yield highly ,:eliabJ.e asses~~ents 
of psychopathology and because considerable data from other popu­
latio~s wer~ available for comparative purposes. 

F'ive criterion areas oi psycl,ological status were evaluated: 
subjective distress, impulse control dis.'".urbances, wvrk role 
disturbal\ces, mate role diP<turbances and alcohol abuse. 

Symptomatic cut-off scores were esta~lished for each of the five 
criterion areas of psychological health ac:::ordtng to statistical 
and clinical standards for significance. Tne Cl•.t-:Jff scores for 
identifying Elystemat.ic levels o~ disturbance were set fr0111 1 tc 
J standard deviati~ns ab~ve the mean~ obse=ved for a nocmal urban 
community sao.plc. The cut-off levels l'rP.;re substantially bel<r..r the 
means observed for pre··treelment pBychiatric· outpatients for the 
subjective distres~ ocal~, were approxtmately equal to pre­
treatment outpatient~ for impulse ~ontrol and work r~le ~c4les, 
and were higher than pre-tr.eatment. outpatients foe the a.Lcohol 
abuae and mate· rol~ disturbance scale~. 

The second set of psychological health ou::corr;e3 were evaluated 
on a monthly b·asis using the Zut'lg Self-nating Depression Scale 
(SDS) and the Zung Self-Rating Anxiety Scale (SAS). Theoa aelf­
report instruments assessed cl:... 1.cally significant depression and 
anxiety respectively and had bL"~l found reliable and valid for 
this pu:pose in several studies. 

Over 90% of che men in the study completed the SDS and SAS for 
each month they were sent a form. 
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1. Methods of lieasut"ement 

Psychological health was monitored along with physical health 
at the examination visit~:~ to Boston University Medical Center. 
made at approx!mate 9-month intervals. At these visits the Psych­
iatric Statua SchedtJle (PSS}, a structured psychi3.tr1c lnterview 
procedure, was used by doctoral-level psychologists to evaluate 
the A1'Ca. 

The PSS was selected because it ~!lowed assessment of psycho­
pathology 1n depth, because comprehensive data were ava~lable on 
normative psychiatric populations .a:;d because of the inatrun:ent 1 s 
accepted reliability and validity (Spitzer, Endicott and Fleisa, 
1967; Spitzer, Endicott, Fleiss and Cohen, 1970; Stn:pp, 1972; 
Lubarsky, 1972; Weissman, 1975). 

In addition to the pre-existing data on other populations 
and the recommendations of other resea~chers, the use of the PSS 
meant that we were assessing psychological health not only system­
at~cally, but also through the eyes and experience of a clinician • 

• 
The psych~logiat administering the Psychiatric Status Schedule 

used the standard pre~s board booklet, 32 pag~s in length, with a 
precoded answer sheet for recording the p~esence or absence of 321 
symptoms. The Schedule presented pr~ary questions to elicit info­
rmation about symptnms, and also provided follow up questions in 
the event that the first answers were insufficient to judge the 
presence or abeeeee- of a symptom. 

Questions were grouped to cover symptoms iP the areas of so~a­
tic complaints, moods, fea.ra, interperso,tal rela ... ~or.s, idt:atiun, 
cog:dtive processine,- suicidal tendenCies, drug use, alcohol use, 
delusio~~. hallucinations, behavior in the interview situation, 
and role functioning as a wage earner, house~eper. student, aate, 
parent, and patient, as appl1cable for a given subject.. A comput­
eri~ed orog~~ then scored t~e symptoms using item weights of 0, 
1, 2 or 3, and converted the_ raw scores into T-accroe (mean • ~0, 
S.D. • 10} ~ased on ~ho re~ults from the standardization study 
of 770 pH}chlatric patients. 

A total oi SO T-ocorea were possible. Four scores, called 
oac-ro-lf'Calea bec:aliae they subsumed 16 symptom scale •coree, assessed 
subjective distress, behavioral disturbances, impulse control dis­
turbances, and reality testtng disturbances. An alcohol Abuse 
symp~om scale waa scor~d independently. Of aoven role scalea 
1..\snessing impaix.'"Irlent due to psychiatric distui:'bancea in wage earner, 
h,"'\!!:o:!lr.eeper, student, mate, parent. cnd patient (denial of illness) 
rolea. and in addition. ~n overall average of the six scale.acoree, 
~q ueed only the wage "a~ner and mate role scalea. 
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We focused primarily on the four macro-scales, the independent 
symptom scale of alcohol abuse and the thr.ee role scales named. 
The other symptom scales. were not utiliz£d because they were sub­
sumed by the macro-scales. The housekeeper role, parent role, and 
the student role scales were not used because they were not appli­
cable to all subjects. Our findings then led us to concentrate 
on only five outcomes: subj~ctive distress, impulse control dis­
turbances, work role disturbances, mate role disturbances and 
alcohol abuse. 

Training and ReliabilitY of Interviewers 

Three Joctoral-level psychologista and one master's-level 
psychologist were trained to use the PSS. All had previous clini­
cal experience in :he assessment of psychopath•1logy in both normal 
and psychiatrically ill populations. Initial training consisted 
of familiarization with the instrume"lt and the use of the train­
~ng a:anual and tapes aw J.lable from Sp1t:er, Endicott, and Cohen 
(Spitzer, Endicott, and Cohen, 1968; Spitzer,. Endicott, a:~d Cohen, 
1968b). After reaching the criterion level suggested in the 
training manual (less than 2 false positives and leos than 4 
false negatives out of 321 possible answers for each of the stand­
ard tapes 3nd four special tapes that we produced), a minimum of 
20 subjects were interviewed by pairs of psychologists. In inter­
viP.ws, the interviewers alternated the active interview task, with 
the L"lactive member of the pair obs"rving and independently fill­
ing out the PSS answer sheet: ThiB proce~ure was und~rtaken to 
standardize the interviewers' interpratation of re•ponse• and 
acoriug among ~h~selves. 

A computer program for scoriD.g the entire PSS protocol was 
obtained tram Dr. Endicott. Twenty-five tut caeeo were provided 
to check the accuracy c,f the trsnap.i.anted proa,ram. Scoriug by 
the c~puter program was initiated after ita absolute accuracy 
~<as esta~lishP.d. 

Pearson product moment correlations were calculated for the 
scala acorea produced by the interviev2r paira for each oubject. 
WHh the """eption of three ocale3, the intervir.·ers d'""onatrated 
a high degr~a o~ conaistency ~!th reliability coefficients rans­
inS fr0111 .63 to 1. 00. The behavior disturbance, speech diaorgan1-
zatiou, and .ocial 1solctton acalea had lower reliability. 

Tha low interviewer re!iability tor those three particular 
scales primarily waa due to variance ar..d a differt!ncc in scoring 
in otuy one i•an in eaoh case. Despite the high inter-rater 
<:orrolation¥ for the <>th•r ocales, it waa poftsible th.et t.here 
could have been oignificanc moan diff~rancea between tbe pair• 
of· interviewer.n. A seriee of t-tPJtl were-performed and the results 
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indicated no significant differences between the interviewers 
in any pair. The scala means and standard deviations indicated 
that the high rater reliability pr~arily was due to a complete 
agreement on the lack of pathology for most subjec:s at any 
~iven examination. For scales with variability, inter-rater 
reliability was at least equivalent to that reported by Spitzer 
et al. (Spitzer, Endicott, Fleiss and Cohen, 1970). 

We also examined whether or not the scale scores weL'e affected 
by the role (observing or interviewing) of 'the interviewer. No 
significant difference was found between the scores generated 
in the observer role and in the interviewer role. 

The above procedures were carried out each time a new 
psychologist was hired for the study. A new interviewer's scores 
were not accepted as data of record until the inter-rater relia­
bility was above .8 with the current interviewer and until there 
was no me~n difference in the scores obtained by the two indivi­
duals. Since we also required the interviewer to surpass ch~ 
criterion level for training suggested in the manual for the PSS, 
we were confident that our interview results were highly reliKble. 

Internal Consistency of PSS Criterion Scales 

Spitzer et al. reported the internal consistency of the PSS 
scales in their standardization study of 770 newly-admitted psychi­
atric inratients (Spitzer, Endicott, Fleiss, and Cohen, 1970). 
Table 125 presents the internal consistency figures derived from 
the intake inter1iews with the air traffic controllers, and for 
comparison, those of the inpatient standardization sample. The 
table shows that high internal consistency reliability waa obtained 
for less severe and more prevalent areas of psychiatric dysfunction 
(subjective distress, alcohol abuse, and mate role). The low inter­
nal consistency for behavioral disturbances, iMpulse control dis­
turbances, reality testing disturbances, and several of the role 
scales seemed reasonable and appropriate since one would not 
expect such symptoms to be common or consistent in a highly 
selected non-patient group such as the air traffic controllers. 
In the standardization sample the internal consistency was much 
higher, as would be expect~d with a sample of patients whose 
symptoms were clustered more at the extremes. 

Overall Psychiatric Status Profile at Intak~ 

Table 126 preserta the means and standard deviations of 
scores on t~e PSS for our sample of air traffic controllers, 
a large group of psychiatric inpatients, und a group o£ 130 
urban community residnnts. Tha absolute zero point for each 
scala, indicative of no pathology, also is presented in the 
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394 T;dLE 125 

Internal Consistency Of PSS Scales For Air Traffic Controllersl 
At Intake Compared To ~tandardization Group Of P~tients 

Patient 
Macro-Seale!. Number of Air Traffic Standardization 

Items Controllers Sam2ie 2 

Subjective distress 80 .82 .89 

Behf)v i ora 1 disturbances 72 .47 .80 

lmpu·lse control disturbances 33 .52 . 86 

Rea 1 i ty testing disturbances 24 .38 . 86 

Role .Scales 

Wage-earner 13 .28 .68 

Mate 10 ·72 . 76 

Parent 12 .19 .65 

. 1 
N • 416 

2 k 
Kuder-Richardson Formula 20 internal consistency, r • k='1 (1 - !£..9) 
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TABLE 126 

Means and Standard Deviation\ Of Scores On Psychiatric 
Status Schedule For Air Traffic Controllers At 
Intake, A Co~unity Sample~ Ar.d A Psychiatric 

lnp~~!ent Sample 

Macro .. scales 

Air Traffic 
Control len. 
N•416 
Hean (s.d.) 

Subjective distress 34.1 (3.8) 

Behavioral disturbance 42.8 (2.9) 

Impulse control 46.7 (3.0) 

Reality testing 
disturbance 44.2 (.8) 

Role Scales 

Wage earner 
(416, 93. 142) 2 

2 
Hate (384,82,1~4) 

Parent (356,58,116) 2 

~mptom Scales 

Alcohol abuse 

41.2 (2.9) 

43. I (6.j) 

44.0 (2.8) 

47.2 (3.1) 

Community 
Sample 
N•l30 
Hea11 (s.d.) 

33.8(4.0 

42.1(2.6) 

4:;.6(1.3) 

41>.5(1.4) 

40.7(2.0) 

42.4(5.5) 

45.4(4.0) 

Spitzer, Endicott, Fleiss and Cohen (1970). 

2 

Inpatient 
Sample I 
N•603 
Hean (s.d.) 

49.7(10.3) 

50-7(10.4) 

50-7(11.0) 

50.9(10.9) 

51.4(11.5) 

50.8(10.0) 

51.4(12.1) 

50.](10.5) 

395 

Score 
for no 
~a tho logy 
(zero point) 

31 

41 

45 

40 

39 

46 

Number of subjects for all male, non-patient sample; community sample; 

and inpatient samples respectively. 
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last column. 

The table indicates that the psychiatric profile of air 
traf .-·1c controllers and of ·che urban cOUllllUnity sample were 
rel~tively similar to one another and quite uifferent from 
the inpatient sample. However, thP. air traffic controllers 
scort.!d statistically higher than the urban ·community sample 
on the impulse control disturbance (t • 5.9, p .001), and 
wage-earner role (t • 3.4, p .001}. On the other hand, the 
controllers scored significantly lower than 1:he urban COIIID.UfL­

ity oample on the parent role scale (t • 2.6, p .01). The 
ait· ·tt"affic controllers and the community sample were signi­
ficantly lowe~ than the inpatients on all scales, as one 
ltight expect. 

Some of the differences between the urban community sam­
ple ~nd our sample were stat1stically significant, but of 
urknown practical or clinical significance. whereas the large 
absolute differences between these ~o groups and the in­
patients were both statistically and clinically meaningful. 
Furthermore, some of the difference between air traffic con­
trailers and the urban community sample may have been due to 
the difference in sex composition of the grouos. Our sample 
was all mal~. while the community sample ,was 58% female. 
Each of the scales on which there was a significant differ­
ence between these two groups may have reflected personality 
and symptom reporting differences between males and females. 

Classification of tificant Psychiatric Symptomatology 

'!'he Psychiatric Status Schedule proVided scale scores for the 
various areas of psychiatric symptomatology. However, f~r the 
purpose of thi• study we needed to establish the levels at 
w:oich we "ould consider an individual to have significant 
psychiatric symptomatology in each area. These cut-off scores 
we.re establiohed to have statistical as t.rell a.s clinical mean­
ing. 

To achieve be- statistical and clin.icnl meaning. we eom­
pared the. air··traftJ..c controllero with f1\·e other groups report­
ed in the literature. Table 127 diaplayo <·>mparative st•tiatica 
for inpatients. former inpatients, pre-tr;;at:nent outpatients • 
an urban community sample, urban community leaders and thA 
air traffic controllers ~t intake into the healtn change atudy. 

Each set of three rows in !able 127 gives the mean, stan­
dard deviation, and number of subjects in each group who were 
scored when this number was different fro~ the total num.ber 
of subjects in a group. !t is apparent that the three non-
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TABLE 127 )97 

Compuulve St•thtlcs. for PSS Samplnl 

He,ans and standard deviat1ons of PSS scales 

• • • • • • 
• - u u u • i ~ > • c c c c • ~ 0 ~ - ~ ~.z u-.:! .... 3 • i ~ ~~ • ~ 

• u • ~ e -· • 0. we• J!. w ~ c 
~.!, 

> , .... ~ :I: --. ' c • 2 ~~ 

~= 
;, ... u -~~ 3~ • • • • 1 ... ... u.: r· oo- ~ • , , ·- ·- ·- _.., 

;~ 2 • ~ .. ~ .. ~" G"' - ,.,~ C',) ...... cc ... ... 
ln~atlenu 603 27.2 ~~.61 50.67 so. 70 so.,. 50.73 51.43 5o.78 51.)7 49.78 

10· 2~ 10· 37. 10-98 to.ss 10-Stt llolt7 IOoOit u.o1 9.7& 

( •••> (! .. ) ( 116) (u ) 

Former ~7 26.8 41.91 54.26 46.05 47.02 47.05 45.00 50.20 '8.5) N/A 
lnputents 7•22 10.19 3.17 ... 96 3,51 lt,!t7 a.u .~.32 

(6) (U) (17) 

rre .. treatment 
~· 62.6 48.82 46.00 50.23 1•(. 53 47 •. 42 "·77 50.14 51." 49.0~ 

Outpatients 1 a. 36 7,9, o.oo ti,OS 6,00 9,llt 9,U 10.75 -9.llt 

(••> (37) (1!) (.S) ) 
I 

Urb•n ..:.\.i,....~ .. IJO 42.] JS-75 1!2.12 "S.!;G 44.48 "·39 4o.65 42.41 39.90 
I 

45.36 
nlty Sa-mple .. 0 61 2,55 1.31 l. 36 2,07 1, 911 5,5% ... n 2.02. 

( 93) (B2) (sa) (10) 

•J 

Urban COI'm\IJ'"' 26 84.6 )3.69 42.)8 45.85 44.15 "·B5 40.58 4).)6 44.)0 u.oo ! nl ty Leaders 3.6~ "·51 l.lt! ... 2,99 2,16 5.22 lt.ll ... 2lt 
(26) (ui (10) (2) I 

! 
Air tr.tflc "6 IOC.O )lt.ll ~2.84 ~6.69 44.72 H.l6 41.20 ~).01 44.00 49.92 I 
control len 3o77 z.ee 2. 911 ••• 3.09 Z.d~ 6oi0 2.12 s.oa I (ATCs) (•u) ( •••> (356) (II 3) 

Raw zero )1.00 41.00 ~s.oo -~.00 u.oo 4o.OO )9.00 4).00 39.00 I. '• 
Score 

Symptomatic 41.00 51.00 49.00 "·00 52.00 H.oo 53.00 sz.oo so.oo i 
' 

C~t-Off 

' ATCt_,::t~b..>ve 6.0 2.6 12.7 2.6 7.5 \.1 M 2.2 1.8 
C-.~t"'Orf 

t Urb«n com'!Un lty ,,, 1.5 3.1 6.1 2.) 2.1 6.1 •.. s o.o 
AI:>Qve Cut•off 

" l. Data for 1il ~~los u.c:ept air traffic controJiara w.r• aupptlad by Jean E.nefcott, Ph.D. 
of tho:a E'l"•luatioo S..ctlon, lloe~trlc.s. NY Sute Dept. of Mental Hygl.ne .. 

NOT£: n1,. tlgurc.J In rarenthesa• for the role seale results gl.,. the nUIIHr of 1\lbj.c.ts 
tor wt\('o4 the role tcale ._. approprlata anrt acored. 
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