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Acknowledgment

The inspiration and support for the Air Traffic Comntroller Health
Change Study came from many sources. The need for such a stuldy was
clearly one of ..e rccuommendations of the Corson Report (1970). The
questions regarding the implications of alr traffic control work on
employec health were, and remain, an important issue for the Office
of Aviacion Medicine of the FAA. Factors leading to health change
in air craffic controllers were of great interest to many individuvale in
the agency. Administrators responsible for the maintenance of the air
traffic control systen and those in the Office of Personnel were
vitally interested in the problems of air traffic controllers and
the factors that might represent a risk for their health 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 fo their
crucial suggestions for design of the study and their help in its exe-
cution. K

We are also much indebted to t o administrative officers of the
Professional Air Traffic Controller's Organization (PATCO)}. Without
their support and endorsement, it would have been impossible for us
to complete this stiady.

g We are perhaps, however, most indebted to the air traffic con-
trollers who participated at a cost to themselves, but yet with en-
thusiasm, openness and sugtained dedication. Without their cooperatiou,
investment, perserverance, and honesty, there would have been no study.
Many individual conircllers also participated in making suggestions
about the various questions that might be asked, helped educate us

3 about some of the intricacies of air traffic control work and helped

. ' us to overcome the difficulcies in scheduling. Because our stviy

: required controllers to be away from their job at least once every

nine months, we are also indebted to the variocus facility chiefs and

their assistsnts who helped us schedule the controllers' visits to

Boston.

An enormous amount of information was collected on the 416 mem that
we studled for three calendar years. Our participants were an unusually
cooperative and dedicated subject group, representing an 80% volunteer
Ii%e [fuw A ouratified sample of ATCs in New York and New England. They
averaged a 937 return rate on the monthly mood and health -heck,lfts.
Although, of the 416 men who started the study, many vere either trans-

ferred to other  acilities or promoted, 388 men, or %3%, of the original
group returned for a final examination visit. They cane from across the
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country and as far away as Guam and Hawaii. Only 24 men dropped from
the study for personal reascns during the entire three years, and
even some of them came back fot a final visit.

We are grateful for the excellent cooperation we received during
our visits to the facilities to study the men while they were ac-
tually controlling traffic. We were able tc 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 individuval
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 &nd by what
characteristics these health changes might be predicted., We were
interested in both physical and psychological health changes., As
documented in the body of the report, we established rigorcus 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 clasgiffed 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 Ailrport), providing radar cec- “rol for the entire New
York metroplex area. We also studied . in smaller facilicies
located at Bradley International Airporc¢ (Windsor Lecks, Conn.),
and at two enroute radar centers {Quonset Naval Alr Statiom at Quon-
set Point, Rhode Island and Otis Afr Force Base at Cape Cod, Mass.)
and also included a few men from Providence Airport in Rhode Island.

The data used to determine health change were gathered in several
ways, Men filled out a medical histery questionnaire reviewing per-
sonal and family health fistories, health habits and symptomatic com-
plaints and had au 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 performed. We learned about most of the mild
and moderate illnesses and injuries by sending each ma. a monthly
health checklist on which to report iliness episodes, continuing health
problems or injuries that occurred during the past month, as well as
whether he saw a physicien or was hospitalized. Psychiatric health
change was assessed primarily in two ways: first, by use of a widely
accepted astructured psychiatric interview, the Psychiatric Status
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Schedule (P§5), and second, by use of a monthly checklist designed
to detect troubhling eplsodes of depression or anxiety.

From these sources 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, howewver, related to more short term respiratory illress
and accidents which were associated with moderate degrees of disability.

The major clusters of predictor of risk variables included siable
personality characteristi~s to determine wiether or not particular
‘traits raised one's risk for developing physical or psychological
problems. We were particularly Interested in men's attitudes and per-
spectives about work, such as thelr feelings about the 'costs" of
working as a controller in terms of its interference with the rest of
their lives, thelir feelings of invectment in the work, concerns about
burnout, ability to bounce back after periods of being away from working
the boards, anxiety at work, and ability to cope with the problams of
being a controller. We also employed a number of staadard question-
naires to assess worker satisfaction and perception of on-the-job
relationships in comparison with other groups. We were interested in
how competent, amicable and '"ideal" as a work team member each of our
participants was as perceived by his coworkers. We also inquired about
life changes individuals experienced throughnut the study inasmuch as
major events such as deaths, marriages, and divorce have been shown to
place individuals at increased risk for physical and psychiatric illness.

The other major category of predictors assessed were responses to
ajr traffic contrelling itself. While they were on the job actually
separating aircraft, we measured the controllers' blood pressure and
endocrine responses at work and rated their overt behavior or srousal
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
worked (xadar, hand off, data, training or other} and number of cbaer-
vation points on the boarda duriang the sfudy day. Thus, we were able to
compare men with respect to workload on the days they were studied, as
well as on their subjective responses to work, changes in overt behavior,
-blood pressure or hormone levels.

The design of this study also allowed comparison of those who were
promoted, those who were dlsqualified for medical or paychiatric Teasons,
and those who remained as active journeymen controllers to see if any
rredictor variables could discriminate amoug these cutcomes. We also
cdelined burnout operationally and determined what characteristice
accompanied it.

Cur main focus was to search among this rather large array of
potential predictors for what was indeed associated witl health change.
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Most of these variables were studied in a predictive fashion using
data collected before the person manifeated health problems. 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 Changes

The largest single chronic illness condition among air traffic
controllers was hypertension. The findings of this study parallel
previous reports which documented the increased prevalence and inci~
dencde of hypertension in controllers compared to other individuals.
Regerdless of the criterion used to define hypertension, the ATCe
had a significantly increased prevalence and incidence of hypertension
over comparison groups. Using a rigorous definition the average of
two readings over riterion levels on two successive vigits to the
physician, we found that abour 327 {135) ¢f the men entering the
study already had borderline or definite hypertension. In additiom,
36 men developed hypertension during the course of the study. When
other criteria were used such a&s that of the Framingham Heart Study,
the controlliers showed a subatantially increased rate of hypertension
conpared to similar age wales in this comparicon populacion. We
concluded that there was an increased risk for. hyperteasion among
the air traffic controller population. Some of this increased riak
was dpnsoclated with (but not necessarily caused by) cardiovascular
responeivity to work, as will be discussed later.

A second major category of health change relates to the annual
rate of mild to moderate illness. The average number of acute health
change eplsodes for the controller populacion was approximately 2.5
per year. tricwever, individuals varied significantly with approxi-
mately 20% of the men averaged more than five episodes per year and
another 20X having had less than one episode per year. These illness
episodes were primarily accounted for by upper respiratory infecticns,
minor or moderate injurias, non-specific viral disoiders, dnd acute
gastrointestinal syndromes. Alcthough the occurrence of thesa mild
or mo lerate lllnesses did not present a significant risk for future
mortarity, they were associated with significant nuabers of days of
reatricted activity and could be expected to be a major source of
absenteeiva. -

Although nuzhers were not large enough to facilitate significant
statistical comparisons, we did Iind that there was & slightly in-
creased risk for developing peptic ulcer in our population. e were
unabtle to study new cases of ulcer dizease systematically in terms
of what variables were predictiva of onset. N

Although the methodeology for determining psychological health
change 18 not as standardized as that for diagnosing phyeical health

———t 1 e i =
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change, nevertheless we employed a methodology which provided ob-
Jective assessments by psychology professionals of the prevalunce
and in:idence of psychiatric problems among the men studied, so
that we could contrast men who 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 psychiastric
difficulty was impulse control disturbances, reflecting the relat-
iyely high number of men who manifested an inability to control
overt angev, anti-social impulses, or fllicit drug use. Alcohol
use was quite high, but alcohol abuse was about the same as derived
from other survey data. Anmxiety and depression were experienced
at levels equa)l to or less than that experienced in general popu-
lations of non-patients., The experience of psythiatric problems
was not particularly related to FAA performance criteria. Mate
role impairment because of psychilatric problems was experienced
at approximately the same rate as among an urban zommunity group, and
therefore, we would conclude that mate role difficulties caused by
psychiatric problems were not more common among air traffic control-~
lers than among others.

Predictors 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 scudy
from those who remained normotensive.

One of the bent discriminators was the systolic blood pressure
responses to work. The men who showed gignificantly elevated aystolic
and diastolic blood pressure on the job during their first field study
had higher risk of developing hypertension. This was prior to the
diagnosis being made by the interniast. Wa also found that future
hypertensives were characterized by having less hard driving, mwore
Typa B parscnality, and by having experienced less life¢ change in
the past nine months than the individuals who remained normotensive.
As a group they were somewhat lower in maritesl resources. We also
found that although their blood pressures in the cliniciaa's office
ware atill normotensive during their firat visf{t, they did show sig-
nificantly ol ivated blood pressures compared to those who riémainad
normotensive.

Not only et the first field study, but at field studies through~
ozt the three-year survelllance, the individuals who developed hypar-

tension during the ccurse of the study showed blood pressure res-
ponses to work that were greater then the responses cf thoas who



6

remained normctensive. Their average systolic and diastolic blood
pressure at work was significantly elevated. Their blood pressure
responses to and at work were just as high as those who already
were hypertensive when they came into the study. When the men did
wore work, those who developed hypertension also exceeded thelr own
average blood pressure level by a greater amount than those who
remained rormctensive.

When we took inro account all factors that were significant
predictors of hyperteusion, i.e., psychological variables, blood
pressure; levels in the physiclian’s office on intake examination,
as well as blood pressure responses to work, we could correctly
predict B86% of new casesg of hyperténsion and 82% of those who re-
mained normotensive,

Although these results werxe clearly highly significant, some
qualifications muat be added. It 1s inappropriate to conclude that
hypertension 18 caused by air traffic control work per se. Our
interpretation of theése findings 1s that for individuals who are
predisposed to developing hypertensioca 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 ameng air traffiec controllers and the
evidence that those who devélop hypertension have greater physio-
logical responsivity to the work environment, an appropriate con-
clusion might be that air traffic controlling represents a risk
factor interacting with other risk factors in development of
hypertension. '

It is also important to note several factors that were not
assoclated with the risk for developing hypertension, Controllers
who developed hypertension were considered neithér more nor less
competent than those who did not. They did neither more nor less
work than those who remained normotensive, nor did they spend either
more or less time on positicn during the days they were monitored.
With respect to ths quality of their work, they were neither more
nor less likely to rueceive swards, nor promoted msore or less than
those who remained normotensive.

However, it should be noted that Aeveloping hypertension carried
with it a risk for future disqualificstion. The issue of whether
or not controllers should be disqualified for being hypertensive 4
or for being treated for hypertension should bz reconsidared. We
found that the significant number of men who were hypertenaive did
as much work on study days and receivad as high a frequency of com-
petency nominations as those who renained normotensive, We concluded
that hypertension per se did not interfere with a person's abilities
to control traffic,




Mild and Moderate Health Changgg

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

Four diagnostic categories accounted for almost two-thirds of
all mild and moderate health changes - respiratory, acute gastro-
intestinal, non-specific viral syndromes and injuries. As increased
incidence of these different mild and moderate health changes was
assgclated with many similar factors, we combined their incidesce
into an average annualized rate of mild and wderate 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 who 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 work. As with the other variables discussed, their ratings
of group morale, wmade hefore the collection of illness data, was
lower. The high illness group also reported least satlsfaction
with management and consistently rated their supervisors as showing
less than adequate amounts of conailderation for others.

Men in the highest illness group were least often chosen as
the most amicable or as ideal team members by thely co-workers.
However, they were not conasidered less competent by peers, Indicating
that cowpetence per se is not associated with the risk for more
illness.

Men who had higher fllness rates were found to he more Type A,
i.e., more competitive, hurried, and achievement-coriented tnan
those with lower illness rates, who were more Type B.

Ove of the strongest predictors o) total mild and moderata
1llnesa rates was the amount of life change and life stress encoun—
tered in the period of time immediately preceding the collection
of 1llness data. Those with higher {liness rates had mors lifg‘
changes that distressed tham. '

The men with higher illness rates #lso differed significantly
in terms of their cardiovascular and endocrine responses in the ™
fieid. The high illness group showed significantly lower levels of
plasma cortisol at work and were more likely to drop in plasma

4 Teaal
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cortisel levels when there was an increased amount of work, ccmpared
to those in the lower illness group. Those men with more {llnesses
also had lower blood pressure variability at work and, similar to
cortisel, showed a diminished responsivity in terms of cardiovascular
changes with varying levels of work load. Both of these findings,
however, were not predictive in that the lower cortisol and lowered
blood pressure variability were observed in the same periods of time
as the occurrences of illness. Hcwever, men who developed more ill-
‘ness had a lower level of cortisol during the first field study before
illness data were collected. Thus, it ig likely that the diminished
cortisol responsivity is a predictive as well as a correlational
finding.

It is also of note that men who showecd lower cortisol and blood
pressure variability during work and an increased 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 levels of cortisol and higher blood pressure varia-
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 showaed lower physiologlcal res-
ponses also tended to minimize the amount of work they were doing,
and were often among those with more frequent illness, suggests that
this increased frequency of illness was not primarily a reflection
of a tendency to exaggerate or complain. Other checks that were
wade supported this conclusicn.

We found ne relationship between a "faking bad" scale on the
California Psychological Inventory (CPI) and various measures of
job zititude., This finding suggests that the ATCs responded honestly
to questions corncerning thelr job satisfaction and their answers
were not part of an attempt to exaggerate difficulties as measured
by this scale on the CPI.

We also found that when we compared reported gastrointestinal
symptoms with measurements of serum pepsinogen level, individuals
who reported continuing gastrointestinal problems had siguificantly
higher levels of serum pepsinogen than others. This supmorxted the
interpretation that they wera not exaggerating thelr aymptons, but
were experiencing greater GI distreas. With respect to upper res-
piratory infactions, we found that among those persons who had
greater frequency of this illness, there was incressed use of medi-
cal care and increased proportion of episodes involving 4 or more
days lost from usual activities. 1In addition, reports of URI symp~
toms followed known sesasonal varievtions. There was no relation-
ship between the average annual rate of illnese and acores on the
MMPI hypochondriasis and hysteria scales, indicating that greater
frequency of symptoms reported was not a réflection of a psycho=~
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logical propensity for complaint behavior. Actually the air traffic
controllers in our study had a lower score on the hypochondriasis
scale than the MMPI standardizing populatiom.

To summarize those variables most related to ATC work, men in
the highest illness group tended to be more invested in their wirk
but felt that it cost them a lot, had lower satisfaction with manage-
ment, had lower group meorale, and were more dissatisfied with their
supervisors,

Paychiatric Problems

glightly over one-half of the men experienced one or more sig-
nificant psychiatric problems during the three years. This (inding
was not anticipated in light of the information gathered at intake
when controllers were not found to have a great excess of paychlatric
problems except for the relatively high rate of impulse contrel dif-
ficulties. However, as the study continued we found that more men
developed problems and although a relatively few number of men showed
chronic prebiems throughout the entire study, a significant .. mber
did show some proilem at one time or another. These data suggest
that the developmcat of a psychiatric problem was not limited to =
very small parcentage of controllers, but that over time a larger
nusber of the men did develop some difficulty, even though it may
have bren resolved by the time of a later examination. This may not
te a finding specific to air traffic controllers, but we cannot make
comparisons with other groups because no other occupational group
has, to our knowl.dge, been studied so intensively over so long a
period with the PSS.

Five areas of psychological problems were assessed systematically.

The first was subjective distvese, involving significant problems of
depresaion, anxiety, disturbed daily function, diasturbed eating and
sleeping. Over the three years, only 12.5% of the men had, or devel-
oped, a problem in this arch. Another majcr type of psychiatric
problem assessed was impulse control disturbances: the inability

to conirol overt anger, anti-social impulses, and illicit drug use.
Although 11licit drug use was not serious smong controllexs, there
vere significant difficulties in controlling anger and anti-social
impulses. We found that 12.7% of the controllers had significant
impulse control disturbances at the first exam at intake, and over
the three years, 30X cof the controllevs developed significant impulse
control disturbances at least once. Wa also evaluated wor:y role
disturbances associatad with psychiatric problems snd assessed déf-
ficulty in mste role relationship. ITwenty percent cf the contrellers
did experience some mate role pioblems over the three yaars in the
study.

Alcohol use was high. Over 50% of the controllers were claaspi-




10

{ied as heavy drinkers, a higher rate than that derived from survey
data. However, only 7.5% of the men at intake had significant problens
in alcohol abuse despite the high use of alcchol often assoclated

with soclial drinking after work. Only four men had physiological
gymptoms of alcoholism, a low rate of 1%.

Although these datca clearly support the conclusion 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 relaticuship between the firiings on our paych-~
iatric evaluations and the rate of medical disquaiificatious. We
found that of all the men who completed cll 5 of the psychiatric
evaluations in this study, 20 were subsequentliy medically disqualified
by the FAA. Of these 20, 19 were found to have had significant
paychiatric problems. Thus, the rigk for disqualification was
greatly enhanced in those individuals who developed paychiatric
problems. Some of those who were disqualified had psychiatric pro-
blems at intake and hence, this was a correlational and not pre-
dictive finding. However, those wio developed psychiatric problems
during the course of the study slao had a significant risk of being
disqualified later and hence a predictive relationship was also
suggested.

There were many variables that pvedicted psychiatric problems.
Although the predictors sssessed at inteke were not uniformly associ-
ated with all five problem areas (subjective distress, impulse dis-
orders, alcohol abuse, mafe and work role pathology), there were a
sufficient number common to more than one area so that a general
pattern emerged. )

The mer who developed psychiatric problems were asignificantly
lower in their satisfaction at work, their satisfaction with co~
workers and their ability to discharge tensions following work.
Similar to the finding for mild to moderate illness, these men had
high investmcnt in work and reported high subjective coat associated
with being air traffic controllers. They also reported an incressed
tendency to rope with stress on tha job by drinking after work and
showed lower amounts of coping by other activities such as physical
exercise.

From the parspective of stable personality characteristica, they
alzo showed more Type A behavior - more competitive and hard driving,
and erperienced more life change in the period of time prior to the
development of problems. Thua, in many ways tha men who developad
peychiatric problems showed significant similarities with those wHo
had highar rate of mild to moderats fllness. One might ask, there-
fora, 1f these were the ssme men, Were difficulties in the psych=~
latric avea and medical area showing up in the same individualsa?
Was there one healthy and one sick group., This 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 illhesses, 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 problems.

This finding supports the gpecificity hypothesis in psychoscmatic
medicine which, simply atated, emphasizas that different individuals
will develop different problems despite the fact that they may be
exposed to similar difficulties or similar problems in their psycho-
soclal enviromment. For psychiatric illness and mild to moderate
111n$ss. several common themes clearly emerge. The work environ-
tient seems to be more impiicated in the risk for developing healch
change than the work activity itself. Men who developed more nild
or woderate illness or who developed psychiatric problems did neither
more nor less work when observed during the field studies. They
spent neither more nor less time on position nor did they control
more or fewer planes. It was also noted thar they were not considered
less competent by thelr peers, although they may have been less fre-~
quently chosen as amicable or less likely to be nominated as an
ideal team member. Because of these findings, one may not conclude
that individuals who develop more mild or moderate illness such as
flu or pasychiatric problems were poorer controllers or did less:
work.

One 15 led to the conclusion that these individuals are mora
at odds with their work environment. As noted, they are citen highly
invested in beinyg controllers although they find themselves less
able to discharge tensions associated with work, lHeoze they find
that functioning as controllers is associated with an increased cost
in terma of their personal lives and paychological health. This
finding of “It's not so much what they are doing as the context ia
which they atre doing it" holda definite implications for changes
that might be considered in the sork environment to reduce the risk
for future morbidity.

Job Outcome

We snalyzed our findings to see if we could predict job outcomes
that cliarly involvad important career changes. We looked at ipdi-
viduals who were disqualified for medical reasons during the course
of the atudy, those who were promoted, and those who developed signs
or symptoms of burnout. s &

#e compared the disqualificstion rate for our controllers with

that of controllers from the same facilities who were not studied,
and found significani differences. It was clear that our controllers
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experienced a lower disqualification rate as compared to those not
studied, although we were not able to control statistically for age
and years of experience ir the two groups. This finding suggests
that at least our men were not sicker or in worse health than those
who were not studied and also suggests that our findings are on the
coaservative 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 bad L.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 same facilitiea who were not studied.

Men in our study group who became disqualified were nominated
less oftgn for ideal team choices and were also nominated less often
for competence. They showed lower investment in their jobs compared
to those who remained active journeyien. They also showed lower
marital resources and were different ocm four scales of the CPE., They
‘had diminished feelings of well being, lower responaibility, lower
. tolerance, and lower intellectual efficiency. As some of the men

were digqualified following the first round, and were already in
disqualification procedure, their answers at the entry exam were no
doubt in some ways affected by the proceedings underway.

We were able to compare the 49 men who received promotions to
supervisor during the course of the study with those who remained in
the study and were not promoted. Many fzctors that predicted promotion
were consistent with expectation. The controllers who were prouoted
were slightly older and had alizhtly more years of experience. 1hwy
were highly invested in their job and they were also choszn more fre-
quently by thelr peers for increased competence as controllers. They
shoved higher self and group morale and more satisfaction with manage-
ment policy, specifically satisfaction with pivmotion and pay. They
were higher on the dowminance scale of the CPL. They were als:o more
Type A, with more job involvement and more hard driving behavior.
However, the controllers who were promoted also manifested increased
concern for burnout during the entry examination. They reported that
they had leas ability to bounce back to full controlling capabiliries
when the workload changed from light to heavy and were more likely
to burnout than those who remained active controllera. This increased
concern with burnout occurred st about the ssme time that they received
increased competence nominations. Therefore, one might conclude that
although their peers rated them higher than those who were not pro-
moted, the men themselves zTeported Increased concern about burning
out and leas ability to bounce hack on the job,

In summary, these data support the view that the controllars wko
were promotad were doing a good job as -judged by their peers, regarded
a3 more competent, were highly involved in their work, were more
patisfied with management, were slightly older and had more axperience
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and were more hard driving. However, it is alao 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 discrim-
inate between those who developed burnout and those who did not
by means of data collected in the first two rounds of exam. W
found that those individuals who later developed burnout, by our
definicion, scored significantly higher on a number of positive.
factors or variables early in the atudy. They had more vigor,
friendliness, and elation on the Profile of Moods State (POMS}.
They showed less anxlety regarding work and a higher tension dis-
chérhe rate. They coped by drinking less often and showed less
anxiecy. They also showed more assertivencns (interested in doing
a good job as a controller) and they showed nore coping by physical
activity, It thus appeared that individual: who later developed
burnout showed more psychological health early in the study than
the ccmparison group. They did not start out as dissacisfied or
having more anxiety but rather were committed and, from their own
estimation as well as that of peers, were functioning as well or
better thany others.

However, the men who develuped burnout by Round S5 showed an
increased incidence of subjective distress. It is apparent that
although they started out feeling good about themselves and scoring
low on peycholegical diatress in the beginning, during the course
of the study they showed increased psychological problems.

Ic is notable that individuals who developed burnout did not
show any differences in the average amount ¢¢{ work done or in time
spent on position during field studies. Furthermore, they showed
no -diffeveisces in phys2iological weasurves taken at work, i{.e., cortisol
levals or blood pressure responses. Nor did they show a higher inci-
dence of hypertension or higher fncideance of mild to moderate health
change. From these data it is apparent thar- their phyeical health,
at least during the three years that they were studied, did not show
detarioration. However, as their burnout status was associatsed with
increased incidence of psycholegical problems, if they were followed
for & longer period of time, the eifect of incremsing peychological
problems might place them at risk for future medical disqualification.

In some ways the men who developed burncut showed some of the
characteristics observed in tha men at intake who were later promoted.
This suggests that competent ccatrollers can and do exparienceacouncern
about burnuut and as a matter of fact, air traffic controlliers with
such concerns may frequently be reprssented among individuals who arae

promnted. Theas findings suggest that burnout {3 not necessarily
characteristic of individuals whe are considered lass ccmpestent *
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controllers, but may be related to an apprehenaion 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 some 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.

Implications

Our study was oriented toward the task of discriminating between
men who showed a deterioration in health and those who remained
esgsentially without symptoms or illnerses in any given category.

For some 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 prevalencg data 1s not
as readily available.

We did find that the controllers had more hypertension than
other groups, and possibly some forums of psychiatric problems were
also more prevalent. However, the implications of our findings are
baged primarily on the differences we observed between men who deve-
loped health changes in a given area and those who did not.

Our findings are in many ways different from our expectations,
especilally 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 hut bhe impressed that controllers who perceived their
work environment negatively, who were digsatisfied with woxk, with
their co-workers, or with the FAA, showed a significantly increesed
risk for developing either psychological disorders or mild medical
illneas. We did not find that those men who developed more physical
or paychological problems spent less time working, nor were they
rated leas competent by thelr peers. We did find that they felt
estranged or alienated irom their work and this cccurred despite

the fact that they said they enjoyed air traffic coatroller 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 vf coping.

These f£indings auggerst that it was not so much what they were
doing but the context in which they were doing it and the attitudes
and feelinge they had about their sfituation that influenced their
risk for neslth change. We were surprised by the relative importance
of attitudes about work in predicting health change. We had eﬂﬁected
that the work load itself during fileld studies would have stronger
predictivae power than it turced out to have. The comsistency of
these results, which might be summarized as the alienatlon controllers
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experience from their work environment, suggests that changes should
be made in this environment and in the way it is experlenced. We
believe that dissatisfaction with FAA management policies are a
significant problem and repregent part of the negative set sssociated
with an increased risk for health change.

. We also believe that scome of the divisiveness that the control-
lers experience may in part derive from union-management interactions.
Thus, despite controllers' perceptions of many positive benefics
derived from the growing strength of PATCO, some of the alienation
and divisiveness controllers often experience may be an unexpected
and unwanted side effect of the adversary zelationship 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 fzel. OQur interpretation is that this is not solely a matter of
working hours or of pay, but that there is a need to lmprove the
cotinunication between management and individual controllers and to
attempt to limit the adversary nature of their relatinmship. It is
our view that this could be accomplished 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 predictore of hypertension are in a3 different cluster and
have different implicatigns from those predicting psychological prob-~
lems and mild or moderate 1llnessis. Alr traffic control work per
se has a closer relationship to develcpment of hypertemsion than for
other illnesses. Individuals who developed hypertension did not repart
as high a degree of work dissatisfaction osr general alienation with
management as those who developed other problems. It does appear
that for individuals who, for a varilety of genetic and as ye. poorly
understood biological factors are preaisposed to develop hypertension,
increaded workload adds to the risk for developing hypertension.
These men do snow greater blood pressure responses to increased work
and this increased cardiovascular responsiveness to work is a major
pradictor of developing hypertension. This finding, taken along with
the observation that hypertension is generally more prevalent among
controllers than among others, suggests the possibility that inter-
ventions might be attempted on an experimental basis to try to mini-
mize this increased cardiovascular responsiveness. Perhaps contrsllers
could be taught procedures to minimize cardiovascular responses to
work, by using relaxation or blofeedbhack techniques. Various inter-
ventions might Le employed on a trial basis to see whether any night
be effective. 4

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 individuals who
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are at increased risk for developing psychological or physical
health.

By the time an individual becomes & Journeyman controller, he
has undergone three to five years of tralning as a developmental. e
There has been a considerable investment of time and money to help
him acquire his controlling skills. Our data suppoxt the notion
that controllers are concerned with burning out and being less able
to control aircraft efficliently. The period of maximum productivity
as ‘controller is a limited one, perhaps 10, 15, but not wore tnan
20 years. Medical disqualification is a problem for the ifndividual
controller and represents a gsignificant burden financlially to the
agency and the govermment. It is one of ocur conclusions that inter-
ventions be attempted to maximize the period of time that controllers
can function productively. A variety of interventioms might be con-
sidered, and we can do no more than suggest them as our study was
not primarily oriented toward a trial of interventions butr toward a
determination of the nature of the problems ard the factors that
might predict them. We know that individual controllers whe are at
increased risk for psychiatric problems can be identified early and
prcvided counseling or treatment. We feel that some selection pro-
cess might be employed to select controllers who are wore mature,
with a lower propensity for impulsiveness. Some interventions to
reduce blood pressure variability in those contrecllers who exper-
ienced it at work are worth trying in an effort to delay the onset
of hypertepsion. These are strategles designed to help the indivi-
dual controllers.

o

Our data also suggest anotlier intervention no: oriented toward
the individual but toward the relationship of the controller to
management and the agency. There seems Lo be coneiderable general
digsatisfaction among the controllera 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 that some union activities may inadvertently have contributed
to the alienation and divisiven¢ss many controllers experience in
the ongoing adversarial relations wi“h the agency. We therefore
suggest that an organizational develcpment program be undertaken
with joint union management cooperation to improve work 1ife. If
successful, such a change might be most beneficiszl for reducing ;
the risk for future health change among controllers.

&
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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 controllers. Although
the popular press gave dramatic attention to the struggles of air
traffic controliers 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
ocdurring in close proximity, however, focused on a need for such

‘a study and led eventually to the initiarlion of the presaent study
in 1973. : :

Although air operations in the United States had increased
100% between 1960 and 1970, the number of .qualified controllers
increased only 10X during that same period, according to Federal
Aviation Administraclon (FAA) data (Walton, 1977). This discrepancy
aroge in part because of the length of training required and in
part because of a moratorium on hiripng during the previous several
years. As a consequence, journeyman controllers were required to
work extra shifts, long hours, more aircraft per contraller, and
often without even a lunch break. By 1968-1969, the increase in
difficulties resulted in a serfes 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
sufficlently to get air traffic moving again, a commission was set
up to Investigate many of the issues that had been raised. The
commission's findings were published in the Corson Report {(Corsen
et al., 1970}, and among a multitude of recommendations was one
which suggested that the FAA needed to document not only the degree
of job stress in air traffic contrei work, but also the impact this
stress might have on the physical and psychological health of con-
trollersy.

The 0ffice of Aviation Medicine at the FAA and the Professional
Alr Traffic Contrellers Organization (PATCO) subsequently sponsored
several studies in dn attempt to answer some of the questions raised
in the Corson Report.

One of these studies (Tobb and Rose, 1973) was a retrospective
comparison of illness rates among controllers with those of other men
involved in the aviation industry. The retrospective comparisvn was
- nade Ly examining the medical records of 4,325 air traffic controliers
and those of 8,435 other men involved in the aviation indusery. Com-
parable records vere available because both gRroups of men were re-
quired te obtain yearly medical examinations from the same group of
designated physicians (Aeromedical Examinera) for relicensure in
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commercial or general aviaiion. Thin medical record study revealed
a number of important differences between the controllers and the

others in disease prevalence (existing cases) and disease incidence
{new cases). '

The largest difference between controllers and the other ivia-
tion group cccurred 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 had.
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 rate could hsve been attrihuc-
able to a preselection factor since 17% of candidates for rulicen-
sure in aviaticn 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 from the air traffie control-
ler group. However, the six-fold difference in the incidence of
hypertension could not be explained by the possible celection bias.
That 1s, the occurrence of nev cases of hypertensi.n was independ-
ent, by definition, of any possible bias before relicensure, all

men in both groups starting off 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 these diseases were less dramatic than hypertension. These
findings strongly suggested that a prospective study should be
ur.dertaken to clarify whet factors might be relevant to the increased
rate of illness from these discases among controllers, as well as
to determine risks for other health chang=s.

As g result of the Corson Report, the several ~etrospective
studfes, and the limitations inherent in existing findings, a five
and one-half year contract was awarded to Boston University School
of Medicine in 1973 to conduct a blomedical, prospective study to
determine the kinds and degree of heaith changes cccurring in air

. traffic controllera and the extent tc which these health changes
might be predicted by othexr factors.

-
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B. General Hypotheses and Spacific Issues to be Tnvestigared

The study waa designed to assess the individual and inter-
active relatiorship between health change and the following major
factors, whose relevance was suigested by available information:
work environment, years on the job, physiological differences in
response to stress, occurrencs of significant lifa events, work
attitude and morale, availability and usefulness of psychosocial
supports, job commitment, job performance and enduring personaliky
traits and characteristics. Moreover, it was specified that the
factya)l data collected and theé interpretation of the daca should

be in a form readily addressable to the following questions and
issues:

1. What ig the nature, derivation, extent and significance
of health changes among air traffic controllers? How
do these health changes affect performance and career
longevity? '

2. Do controllers experience stress?  If so, what is the
narure and extent of th~ stress? How much is related to
the job? What cause- 1t? To what job conditions, in-

cluding social and psychological forces or factors, does
it relace? -

To what extent do aanagement, supervision and macpower
wanagement policles, practices, programs or procedures
contribute tv health changes and eapecially to the degree
of stress present in the air traffic controller job; e.g.,
does how work 1s defined, work schedules, hours cn duty,
and the length of work periods, etc., relate to stress,
and if so, how?

Are thern predictive factors or neasures that could be
applied before employment of air traffic controllers
which would indicate to management officials which candi-
dates pight be more prome to deleterious health changea?

ATe there wavys by which individuals can be identified
who need counseling or help due to their increased potenw
tial risk for illness? 1Is this risk increased because

of their particular personnlities, their family problems
or the nature of the working environwent they are in?

liow do the stress levels in the alr traffic occupationd
compare with other occupations, e.g., pilots, business
exacutives, etc.? Although the data collected in this
study may not provide for direct comparison of air traffic
controllers with other individuals in other occupations,
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attempts should be made to compare the results that are
obtained with those from cther investigators studying
other occupations.

7. Is there a “burnout” phenomenon? ILf so, what 1s it?

a. Caii the individuals who are more prone to early
physical deterjioration be identified?

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

Although specifir 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 ahould 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 Methodology

Previous Ressarch Findinpgs Providing a Focus for the ATC HCS

The concepts that soclal, psychological, vocational, environ-
mental and other events may influence health is an ancient one,
but more intense interest and increasingly rigorous scientific
gtudies emerged only relatively recently. Flanders Dunbar and
other clinicians and resesrchers who were interested in what is
now known as psychosomatic medicine reported numerous clinmical
case histories from which clues emerge’ regarding potentially
relevant variables to be studied systematically {(Alexander, 1934,
1939; Cobb, 1943; Dunbar, 1954; Hinkle, et al., 1957, 1958; Engel,
et al.,1956). Based on the many suggestive findings of rhese
earlier Investigators, receat rchrrs have selecced and rigorously
pursued certain areas of investigation which may be crucial in
determining the extent to which soclal and psychological factors
influence healcth (Weiner, 1977). Included among these crucial areas
individual differences in hormonal (Wolff et al., 1964; Mason,
1968; Rose et al., 1968) and cardiovascular (Murawaki et al., 1968;
Riess et al., 1968; Herd et al., 1969; Reiser et al., 1902) responses
to stresaful stimuli, the impact of life everts (Rahe et al., 1964;
Rahe, 1968; Dohrenwend and Dohrenwend, 1974), individual differences
in ability to adapt to changes in enviromnmental demands {Carlestam,
1971, Stokols, 1972; Herry, 1956; Sandberg and Bir.ding, 1976), and
individual differences in behavioral 1ife atyles (Paffenbarger,
1968; Jenkins, 1971; Jorgensen and Gyntelberg, 1976). Most of
these areas have, besidas important .heoretical underplonings, an
associated methodology for reliable measurement. There i3 evidence
that each of these areas mey be related to the risk for future
health change. Given reliable methodology and ~vidence of their
relevance to health change, these areas served to focus our selec=
tion of variables for this atudy.

Epidemiological Model - Population at Risk

In order to assess the contribution of biclegical, psychologi-
cal and social variables to risk for future illness among air
traffic controllers, an epidemiological model was chosen in plan~
ning this study. Implementation of the ressarch wodel would re-
quire that the study be proapective and longitudinal Zn design,
with concuxrent measurement in all of the participants of all
varigbles considered to be relevant and that the data to be col-
lected would be specified in advance. In addition, all subjectas
would receive equal surveillance for the detection of sny 1113995.

The acud§ weg to be based vn a wrobability nnmple'of Journey-~

wan controllera from variouz focilitirs iu New York and New PEngland.
The overall sampling procedure is shinm in Table 1. Since we ..
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22 TABLE 1

Overall Sampling for
_the Air Traffic Control Specialist (ATCS)
Health Change Study

: Total Complement of ;
: Journeyman ATCS's :
3 L N = 898 |
3 NOT EL1GIBLE €ligibility Requirements of i
1 < ' :
3 N= 213 h Age and Experlience :
: ELICIOLE ATCS'S -
x N = 685 3
3 . Stratified Random Sampling ?
k- < ]
1 ¥
4 SAMPLE ATCS's g
f - [NON-VOLUNTEERS < Request for Volunteers :
1 N= 112 l %
‘ VOLUNTEER ATCS'sI i‘

N = 435 3

3

BECANE INELIGIBLE DUE 5
|70 PROMOT IONS, TRANSFERS . Time Lapse to Intake 3
and MEDICAL DISQUALIFI- | ™ ;
leaTions 5
: b= 19 !

OMPLETING INTAKE

\FﬁRTICIPANT ATCS's
c
N = hib
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wished to assess the possible independent influence of age and

years of experience on the job upon the risk for becoming ill, e
attempted to dissociate age and vears of experience, although the
two are highly correlated. We therefoire sought to include as many
younger men as possible with many years of experience, as well as
older men with fewer years of experience. In addition, we needed

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.
Joyrneyman controllers assigned to positions without continual
responsibilities for actively separating aircraft (sup=rvisors,

data specialists, and so on)} were excluded because they were not
expoged sufficiently to the maln risk factor of the study: con-
trolling aircraft. Finally men on medical waivers were not eligible
because of their pre-existing conditiouns. .

After we applied these criteria, 635 men were eligible for the
study. Stratified random sampling was applied to maximize the age
and experience dissoclation. A sample of 547 jouineyman air traf-
fic contrellers 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% volunteer rate from the 547 men invited to partici-
pata. For various reassns (see Table 1), 19 of the 45 voluateers
dropped out and 416 (95.6%) completed theirx intake eraminations.
The average age of the 416 participants was 36.2 yeurs with a range
of 25 to 49 years. 1In spite of the differences in saupling, this
figure compares well with the average of 36.6 years reported by
Kargon and 0'Dell (1974) for a national sample of 11,047 center
and tower controllers, The average yesrs of experilence of our
gample was 11.2 with a range of 3 to 20 years,

Although it would have been more desirable to study a wational
sample of controllers, the logistics of the study dictated that
facilities from which men were drawn should be restricted to the
New York and Wew England regions. The participants were drawn to
represent both majo: cacegories of facilities where most control-
lers work ~~ centers and towers (airports). Among the Air Route
Traffic Control Centers (ARTCCs) responsible throughout the country
for separating aircraft en route from one airport to another, the
Center located in Nasiua, Vew Rampshire controls wost of the air
space over New England. une hundred and seven men (26% of our
sample) volunteered from this facility to participate fn our study.
The other Center from which men were selected to partic' ate is
responaible for the a“r space between the New England and Wakhipg~
ton Centera, including New York, most of Pennsylvania and New Jersey .
and parts of other states, The New York ARICC is located in Islip,
Long Island, and is one of the busiesat Centers In the country,
averaging approximately 402 more opeérations per year than in New
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England. The New York ARTCC piovided 41X of our sample, or 172
men. The remaining 33% of the sample (137 men) were selected from
the Boston Tower at Logan Airport (34 men), from the New Yorlt
Common LFR Room (66 men), which provides radar control for the
entire New York City area, and from a number of smaller facilities
with less dense ailr traffic, all located in New England. A total
of 37 man were drawn from the Hartford-Springfield Airport (Bradley
Field), Otis and Quonset vadar facilities and Providence Tower
(Green Airport). The total selection represented facliliries with
higher and lower traffic den~ity, including centers, airports and
small r7.lar en route facilities (TRACONs). A summary of the sam-
pling results by facility, age, and .xperience groupings is given
in Table 2. e

Throughout the study there was a continuing gradual attrition
>f participants. The attrition after intake into the study is
summarized in Table 3. Moat of the men who discontinued their
participation were forced to do so because of promotion to super-
‘'visory or data systems specialist jobs which were not included im
the study, or because of transfer to other facilities not repre-
sented ir the study. Of the 133 men who had withdrawn between
Rounds 1 and 5 of the physical examinations, only 24 did so for
personal reasons, while the others were required to withdraw by
the eligibility criteria, However most of the men who withdrew
at various times after the intaw.e examination agreed to return for
the final examination three years after intake. The report there-
fore includes data on their major health changes but not on more
minor transient health changes.

In order to assure that the continuiag attrition did not blas
unduly the sample remaining an analysis was made of the age and
yesrs of service of those who dropped out. Table &4 displays this
dacta, Although there are apparent differences in the age and ex-
perience between the pearticipants and those who had been disquali-
fied from the scudy by any given examination, the differences were
not significant statistically (p » .10). Thera were significant
differences in the age and experience of men from different faci-
lities (p < .02), with younger and less experienced men at smallar
facilities., This was due to the composition and stratified sam-
pling procedure. However, this difference between facilitiea was
maintained in spite of the disqualified volunteers at each exaui-
nation. Consequently thege data clearly indicate that no bilas was
introduced in our original age and experience sampling by subsaequent
disqualifications from the study.

Latgr in this report we compsre the disqualified men on a aym-
ber of characteristica. These comparisons are made to investigate
differences batween those promoted and those no~ promoted; those
tranzferred and those not; thosa medically disqualified and t-ose
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HASHUA

LOGAN

OTHER

LER ROOM

TOTALS

GROUP

' ~ AGE:
YEARS EXPERIENLE:
STATUS

# eligible
# volunteered

% of eligible
who volunteered

£ eligible
f volunteered

% of eligible
who voluateered

¥ eiigible
# volunteered

% of eligible
who volunteered

¥ eligible
# volunteered

% of eligible
who volunteered

I eligible
¥ volunteered

% of sligible
who volunteered

7 eligible
F volunteered

% of sligible
who volunteered

33

28
853
V7
i4
82%
23
17
743
25
22
883

162
136

84%

f Volunteer Rate As O

25-37 38-4a
10-15 10-15
59 39
57 34
972 82%
29 57
23 35
79% 6%
15 13
9 8
60% 62%
6 16
5 9
83% 56%
23 18
21 14
91% 77%
132 153
115 100
87% 70%

r.

111

§ Septembar [974

v

38-49
ié-20

48
h2
90%
32
23
72%

50%

1o

50%

12
10

832

1o
8y

76%

53
35

66%

55
36

65%

78
67

86%

s47
435

80%
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TABLE 3

ATTRITION after INTAKE
for PARTICIPANTS in the
ATCS Health Change Study

PARTICIPANT ATCS's
COMPLETING INTAKE
N = 416

)

INELIGIBLE
N= 13

A

BECAME
INELIGIBLE

TOTAL ATCS'S = 392
NUMBER COMPLETING

SECOND EXAMINATIONS
N = 392

N = 29

BECAME
INELIGIBLE

TOTAL ATCS'S = 355
NUMBER COMPLETING
THIRD EXAMINATIONS
N = 353 TWO OTHERS
SKIPPED THE THIRD
EXAMINATIONS

|

N = 38

BECAME
INELIGIBLE

!

TOTAL ATCS's = 317
NUMBER COMPLETING
FOURTH EXAMINATIONS
N = 315 TWO OTHERS
SKIPPED THE FOURTH
EXAMINAT | ONS

N - 29

l

TOTAL WHO
BECAME INELIGIBLE

N =109

ALL TNVITED 70
RETURN FOR EXIT
EXAMINAT | ONS

v

TOTAL ATCS's = 283

NUMBER COMPLETING

FIFTH EXAMINATIONS
N = 283

INELIGIBLES RETURNING

FOR EX!T EXAMINATIONS;

ITOTAL PARTICIPANT ATCS's
COMPLETING INTAKE and
EXIT EXAMINATIONS

N =96

N = 388




Comparison O0f Age And Experfence Between Participants And ~

TABLE 4

Bisqualiified Volunteers Curulatively Across Examinations

FACILITY
Examination Subject Boszon New York Yoral Cverail

Status ARTCE ARTCC Others Number Hean

] Farticipanzs  37.5 35.9 36. 1 35.1 392 36.1
.2 Qisqualified 37.2 319.6 32.3 37.4 24 37.3

3 Participants 37.% 35.7 36.2 3h.6 353 35.9

3 Disqualifled  37.7 38.0 32.0 38.3 63 7.5

4 Participants 37.3 35.6 36.5 34.9 315 36.0

L Disqualified 37.9 37.8 33.3 36.3 101 36.6

5 Participants  37.3 35.4 35.9 35.0 "283 35.9

5 Disqualified  37.9 37.2 35.4 35.9 133 36.8

2 Particlipants 12.0 11.3 10.0 10.0 0.3 392 .1

2 Disqualified  11.0 13.8 12.5 7.3 14.2 24 12.2

3 Participants i.s 1.2 9.6 10.1 9.9 353 10.9

3 Oisqualified 12.3 i3 12.%5 6.8 3.5 63 12.5
EXPERIENCE & Participants 1.7 1.0 10.7 104 S 10.2 315 TR
' [ Disqualified 12.7 .2 9.3 7.5 11.5 1ot i1.7
5 Participants 1.6 10.7 10.5 10.0 10.3 283 10.8

5 Disqualified 12.6 13.4 9,7 9.3 o 133 1.9

LT
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not; and thnse who withdrew for personal reasons. As these com-

parlsons are made on the criterion variables, physical health
change, psychological health change, and job outcomes, they are
discussed In the sections on study findings.

Domains of Data

The predictor variebles selected for thelr suggested relevaﬁce
to health changes were clagsified into the following ten domains
for data collection and analysis:

. 1.

! 2.

6.

Socio-demographic charadéteristics, including social back-
groqnd and early life, as well as current life variables,

Health history and health-related behavior, including
family history of disease, personal health, 1llness at
intake, health~related behevicors,

Personality characteristics measured by such tests and
surveys as the California Psychological Inventory, the
Jenkins Activity Survey, the Cattell 16 Personality
Factors Questionnaire, and scales for measurement of
such characteristics as anomie and connectedness"'

Marital, family and social supports, each assessed by
several different coping scales;

Job~related characteristics, including specific ATC
variables such as attitudes about skills and investment
in the job, affective diascomfort, including work amxilery,
subjective costs, burnout-bounceback, shift change costs,
training anxiety, incident anxiety and adaptive styles
including coping by drinking, werk aveidance, temsion
discharge rate, coping by physical activity, and atti-
tudes toward the FAA including satisfactions with man-
agement, training and promotions. Other job-related
varisbles included are general satisfactions such as
self morale or group morale, and specific aatisfactions
including work, co-worker and pey satisfactions and
supervigory descriptions including initiation of struc-
ture, consideraticn of others and tolerance of freedom;

Life changes in work, relocation, education, legai,
financial, marital, family, chaldren, pezsonal and inter-
personal areas of life,

Measurement of air craffic controller work load and
special problem such as weather, traific blockages*and
equipment failure;
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8. Paychologlcal and behavioral measures at work;
9. Cardiovascular measures At work;
10. Endocrine measures at work;

Tabie 5 lists the predictor varia“les and the instrument or
technique used to measure them as well as the frequency of obser-
vation. Each variable is described in turn in Section IIY, Des-
criptive Findings, and the rationale for its selection is reported
elong with the deseriptive findings. Those variables found to
have predictive value are discussed in this respect in Section V,
Predictive Findings.

Plan for Data Analysis

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

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

The second model for analysis was basad on the fact that wa
had repeated measures of our independent variablesd. The prototypi-
cal question to be raised with this model was: Does early change
predict later change? The same types of statistical analyses that
were applicable for the first model applied to this second model
es well. However, since changes were analyzed with respect to
other changes, adjustments for initial levels and the reliabiliry
of assessments were importaunt. The importance of such adjustments
stems from the heightened probability of correlating chance %luc-
tuationa with other chance fluctuations in dynamig predictions.

We did not emphasize this model of analysls for chese reasons.

The third nodel for analysis was based on criterion group com—
parisona of prosgec:iive intake data., In this type of analyais we
attempted to awswer such questions aa: What was different #hree
veara ago between those who have become 111 and those who have

ind
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TABLE 5

Predictor Variables ' .-

Genaric Variable instrument or Technique Frequency of Ohservation
Visit Yearly .
12 31 4 5 Twice Four times

1. Socio-demographic characteristics Biographical Questlionnaire X
{e.g. social background and earty
tive, current life situation)

2. Health history and health-related Medical Questionnaire .
behavior {e.g. family histery of ifedical history (family aad personal) | X ' b
disease, personal health histery, Update on medical history Xt X{ x| X
heaith-related behavior) Smoking eating, drinking Liabits,

medications and review of systams

in the interim X1 X] X§ x| X R
SMA -~ 12, Rd.I, . X
Audliological Exam . X
J. Psrsonality characteriscics, CPi, JAS ) . ' X
including anvimie, "connectedness' Boston Health Study Questionnalre X -
MMPY subscales X
Interview ratings ‘ X
ATC Questlonnaire “anomie' scale . X
k., Marital, family and soclal ATC Questionnaire X1 xb xfp x1 x
© supports including marital . . :
resources, sacial coptng, blo- . ' .

graphical items




TABLE 5 cont'd.

Predlctor Variables

teneric Yariable

Frequency of Observation

instrument or Technique

Visit

Yearly

3

5

5

Twice Four times

5.

6.

Job-relate. zharacteristics, inciudinrg:

a.
b.

Atiitudes, investaant;

Aftective discomfort, including
anxiety factor, subjective costs,
turpout-beouncetack, shift change
costs, training anxlety, incident
anxlety;

Adsntive siyles, including coping
by drinking, work avoidance,
tension discharge rate, coping

by gphysical activity;

Attitudes toward FAA Inciuding
satisfactions with management,
training and promtions,

General satisfactions including
seif-morals or group morale;
Specific satisfactions including

work, co-worker and pay satis-
factions. :Supervisory descrip-
tions including initiation of
structure, consideration of
others toizrance of freedom;

¥Work competence ~ peer competence,
amicabitity, ideal team choice

impact of life changea "

ATC Questionnaire

Job Description lnventory, Including
Leadership Behavior Scale, Kavanagh

Life Attitude Profile, Satisfaction

with FAA Policies scale

Sociometric Guestionnaire

Review of Life Zxperiences
(ROLE}, tife change inventory
with standardized and individual
adjustment and distress ratings

1t




TABLE 5 cont'd,

Pred-ictor Varianies

zt

Generic Variahle

Instrument or Technique

Frequency of Observation

Visit Yearly
2 3 4 5 Twice Four times
7. Air traffic controller work load in- Heasures of workload made by X
cluding work, pace, and time loads, and tralned cbserve.s.
special problems of weather, traffic Subjective Difficulty {of day's
blockages, equipment failure, Exposure work) Questionnalre X
to ATC work . Quastionnaire on assignrent to
tasks other than ATC X
8. Psychological and behavioral measures Profile of Mood State Question-
- at wark including relationship of work- nalre (before start of work) X
load to self-report of difficulty Behavior Ratlny Scale X
Subjective Difficulty Questionnaire X
Measures of workload X
9. Cardiovascular measures at work BP and HR responses each 20 min.
for & hrs. while working X
10. Endocrine measures at work Cortisol and growth hormone levels
each 20 min. for 5 hrs. while
working X

b |
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remained diseasa~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 analysig of variance,
chi-square, or discrimivant/classification analysis. This model
of analysis was a primary one since it yielded more easily present-
ible results.

The fourth model for analysis was an amalgam of those pre-
sented thus far: that 18, two prospective groups were formed, one
composed of those subjects who were relatively healthy at intake
and one composed of those who were 1ll in some way. The two groups
were then studi~d usiag the predictive intake and retrospective
criterion models. The results from the study of the .aealthy group
indicated what varisbles may have an etiological role as risk fac~
tors in the development and onset of more acute illnesses. Since
both groups were part of the samc initial study population and
since both would have been exposed trn essentially the same occupa-
tional environment, varlables 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 anslysis was
what we called "aliding interval analysis.” This model was needed
for several rzasons., Major illnessea and injuries are relatively
infreguent in healthy persons ages 25 to 50 years. This fact,
coupled with the size of the study sample in the ATC HCS meant that
there were relatively few cases of sever - illness or major injury
occurring in any one interval (the apprus.mate 9-month span between
examinations at Boston University Medical Center) of the t'wree-year
surveillance period of the ATC HCS. It was necessary, tharefore,
to combine new health change evencts over several intervals tc ob-
tain 2 gufficient sample of cases for an adequate statistical
search for predictors of the health changes. In addition, it was
necegsary to use measur¢ments made as close in time aa possible
to the onset of illness or injury while still avoiding data which
wag collected after the subject was aware of the presence of a
health change. These methodological necessities were resolved by
use of a technique standard to epiden¢ologic studiee of acute con-
ditiona, Thie technique has often been used to trace the ap=cific
cause of common-source infections. In thisg method, the time of
the onget of symptoms is designated Time O. Even though the actusl
onset of symptoms may differ widely Yor different individuals, for
purposes of study the onsat is designated as Time O for each. Aop-
tecedent behaviors and exposures for each cese are gathered by in-
terview or other means, ard placed ir a time frame, which for each
individual counts backward from Time O.

'Using the same spproach, we designated the interval in which
s sericus 1llness or injury cccusred as Time O for each men, 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 ATCs who remained
healthy. One possible approach was to use predictor daca from the
intake examination for all healthy persons, and compare it to the
data for the illness cases. This intrcduced time bilases inasmuch
. as the predictor data for the illness cases were dérived from exami-

nations 1 through 4. Another approach was to select all data for
- healthy persons from the second or third examinution inasmuch as
it was midway in the series.  This also introduced a number of
biages, such as the familiarization effect which occurs with re-
peated visits to the examination site, changes in interviewers
and modification of the test forms over time, and secular changes
at local facilities and in agency policies. In many facilities
and for mary controllers, conditions were differen:t at Examination
.2 from those at Exumination 1 or 4. '

A procedure that eliminated all of these probiems -- and the
methodological approach that we finally selected -~ was to deter-
mine the proporcion of cases for whom the pre-onset examination
was the first, second, third or fourth round of examinations in
the study. Wz then applied these same proportions to the control
sample which remained free of diseasa, and selected the relative
frequency of data from Rounds 1, 2, 3 and 4 for the healthy con-
trols that would provide a match for the rounds contributing data
for the men with health changes. Thus, if 10%, 20%, 40%, and 30%
of cases had Rounds 1, 2, 3, &4, respectively, as their pre-ons:zt
examination, the healthy control group would be identified and a
random 10%, 20%, 40%, 30% would have their “'predictor data" drawn
from examinationy 1, 2, 3, 4, respectively. This procedire con-
trolled for learning and familiarfzation effects of repeated visits
to the examination center and repeated sdministration of the same
and similar test forms. It also coatrolled for such changes in
interviewers as occurred over the course of the study, the different
contexts in which questions and scales were imbedded at different
examination periods, and the changes that occurred over the three
years of the study at local facilities and in sgency policies. In
addition, there were substantial changes in amount of traffic being
handled over the course of the study, as exemplified by the year
of the fuel shortsge in which aircraft traffic was much diminished.
This, in turn, might have affected either the answers to the pre-
dictor questions, or the probability of psychological or phyeical
health change if, as hypothesized, work-load conditions were in
some way related to these changes.

The technique of sliding interval analysis was used i{n all
instances where the onset of diseasa could be clearly specified
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and the frequency of health change in the average interval was not
sufficiently great to permit data analysis for single intervals.

Within all five general models for analysis we also studied
moderating variables such as socilal and marital supports. In.this
_ way we were able, for example, to ascertain whether those who ex-
- perienced equal amounts of physiological arousal at work but who
3 had more soclal or marital support experienced less health change,

This report has been organized to facilirate rapid comprehen-
sion of the main points. Tables and figures required to convey
understanding or clarity are included with the narrative in each
section., Other tables lending supportive evidence, and background
to the narrative, are included in Appendix I. Coples of instru-
ments, questionnaires, forms, etc., used in the study are presented-
in the Exhibits appended. Coples of papers published under auspices
of this study and contract are presented in Appendix IT,

— 2
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SUMMARY

Sociodemographic Charasteristics of Sample

Responses on the ATC Biographical Questionnaire revealed the -
following sociodemographic characteristics of the sample:

1) The majority grew up in cities or auburbs;
2) More grew up in average neighborhoods (47%) than
in "betcer” (35%) or "poorer" (10%) ones;
3) Most came from a similar gocloeconomic background
, a8 their wives;
4) tiost (66%) came irom a 2-parent home,
5) Fathers and fathers-in-law were, for a majoricy,
skilled, semi-skilled, manual or service workers;
§) At least half of the mothers and methers-in-law
wers occupled mainly as homemakers; _
7) Parental education was considerably lower than that
of the ATCs, ]
5) 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, :
10) Most (79%) were currently living in a “'gocd" or
“one of the best' neighborhoods;
11) ilost (B95%) were married and had children,
12) ifost {almost 60) of the wives were fully occupied
as homemakers;
13) almost all (992) of the men had served in the Armed
Forces, 96n of them as enlisted men, 69% worked in
Alr Traffic Control during military service.

TR
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II1. DESCRIPIIVE FINDINGS

1. Socindemographic Character{-tics of Sample

The Air Traffic Controller Biographical Questionnaire (ATC BQ)
administered at the intake e...aination yielded the following infor-
mation on the general characteristics of our sample: Citles, or
suburbs of these cities, provided the community setting for about
61% of the participating ATCs while they ware growing 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 "about average" neigh-
borhoods, about 35% in 'tetter than average' neighborhoods, while
only 10%Z reported that they came from “poorer” areas, However, about
half said that their familjes were limited to necessities only while
the other half reported that they were able to live comfortably. It
appeared that growing up in “about average" neighborhoods meant be-
ing able to affora the necessities only. About 17%7 of the ATCs came
from a higher socloeconomic¢ background than their wives, and 192
from a lower one.

The family backgrounds of our pample were varied. Two-thirds of
the study subjects lived with both natural parents until at least age
18, For 10%, a parent died and for about 12X, a divorce or separation
{greuater than a year) occurred. The average age at the time of such
parental losses was B.1 yecars, The fathers of 0% and the fathers-in-
law of 62% of the wen wer:c either skilled or gémi-skilled, manual or
service workers. Eight percent of the fathers weve professionals and
14% were managers and proprietors, and approximately the same total
percentage of fathers-in-law were professional or business men. Among
the mothers, slightly more than half were fully occupled as homemakers
and 63% of the mothers-in-law were reported to.be housewives. Forty
percent of the mothers and 33% of the mothers-in-law were divided
among c¢lerical, manual and service occupations, usvally as part-time
employment shared with homemaking duties.

Parental education was considerably lower than that of the ATCs,
reflecting the generally higher educational levels of the younger age
cohort. About 50% of the ATCs had some college or a degree, while
only 137 of their fathers, 9% of their mothers and 27Z of thelr wvives
raached this level of education. Only 4% of the ATCs were not high
school graduates, while 57% of their fachevs and 44X of their mothers
did not graduate from high school. Thirty~seven percent of the ATCa
had more education than their wives, and 207 had less.

Tha parental family size differed greatly for our sample, ranging
from 11 children to an only child (the ATC). The study subjects tended
to be in the middle of their parents' family, having .n the average 1.3
older asiblings and 1.3 youager siblings. These were equally divided

between the two sexes, but on the aversge these men were more likely to
" have an older sister and a younger brother thaa the reverse.

e T
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The majority of ocur sample (562) were reared in the Roman Catho-
lic religion. Thirty-three percent were reared in a Proiestant reli-
giown, 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 religions were
endorsed by a slightly lower percentage in each case and no religion
at all was claimed by 14%Z. It should be noted, however, that 55% of
these men reported going to religious services 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’

nora.

Less than 1% of our sample reported that they currently were
- living in a section of town described as "one of the poorer cnes,”
20% were currently living in average neighborhoods, and 79% were
living in either a '"good” or "one of the beat" neighborhoods. The
ATC study group was upwardly mobile, Not only did they have higher
occupational and educational levels than their parents (91X were at
a higher educationazl and occupstional level than their fathers), but
they were also more likely to be living in a better section of 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 10X 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 mumber of times they had changed their resi-
dence, we did collect infermation on how long they had lived im the
county of their present address. The mean length of time was 10.2
years, and 76% had lived for five or more years ipn the county of their
present address.

.

" The majority of the sample were matrried 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 separated, divorced or widowed. Eignty-seven
percent had children 1living with them (an average of 2.3 children at
time of entry into the gtudy).

Among the wives living with theixr husbands, 30Z had full or part-
. time jobs, but almost 60% were fully occupled as homemakers (another
12X were engaged in voiunteer and other activities). The employed
wives were largely in clerical and sales peaitions (B4X of those em-
ployed); another 16% were pursuing a "Level 2 Profession" such as
achool teacher, technician (with college degree). social worker, reg-
tered nurse,

Hore than 997 of the men hed served in the Ar-ed Forces. Theily
urs of duty ranged from two to fifteen years with median and twode
th at four years. Ninety-seven percent of the man were in enliisted
s throughout their carears and only 3X were of‘icera. For 69X of
se who 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 187 engaged in other activities related to aviation. Eleven
percent were in military positions other than aviation-related ones.
The history of a military career was the most uniform of all the life
history informatinn in our study; most were non-commissioned officers

doing ATC work.

Foa Dt e .
o -
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SUMMARY

Comparability of ATC HCS Subjects and ATCs in Other Studies

To assure credibilicy and spplicability of results of this study,
comparisons were wade with other available studies: a natlonwide
testing, beginning in 1966, of all operational controllers in .
ARTCCs and airport towers 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,
'uring scales measuring boredom, job future ambiguity, social sup-
po:ts and role conflicts. o '

The';omparisons 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 tesc;

2) ATC HCS controllers had more boredom than the Michigan
arsa controllers, but were not greatly different in job
ambiguity, social suppoerts or role conflict, suggesting
that Northeastern ATCs were reasonably similar.to Midwest
controllers in these respects. .

P 8 -
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2. Comparability of ATC HCS Subjects and ATCs ip Other Studies

e ey . Ak e .

To assure credibility and applicabilicy of the results of this
study, 1t was important to determine whether or not the participating
£ . controllers, all of whom were from the New York and New England re- v
E " glon, were similar to controllers around the country or to the con-

: troller subjects in previously published studies. There were two
. major sources of data for comparison.

2 . Karson and O'Dell (1974) published the results of & natica-wide
. testing of all operational controllers in Air Route Traffic Control
- Centers (ARTCCs) and airport towers beginning in 1966. They used ths
i Sixteen Personality Factor Questionnaire (16PF), 1962 Form A, of Cat-
tell (1962) and obtained data from 6,231 ARTCC controllers and 4,816
tower controllers.

The second source of comparative data was the work of Caplan,
Cobb, French, Van Harrison, and Pimneau (1975). They reported a
large number of findings for 82 controllers frem large airports and
43 controllers from small airportas. 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 Grade (G$13), and therefors this parti-
cular sub~group provides the best regional comparison.

s it L

. Although we could not expect that our controllers would be iden-
tical in all respects to either the national or regional comparison
' groups, a reasonable similarity would suggest that the findings of tha
prasent study might be applicable to controllera not in the region or
atudy.

Comparison of 16PF Results To National Sample

Figure A displays the acaled score profiles of 265 ARTCC control-
lers in the present ATC Health Change Stucy (ATC HCS) and of 6231 ARICC
controllerg in the national study of Karson and O'Dell (1974). Figure
B displays the profiles of the 42 ATC HCS tower controllers and the
4815 tower controllerrs from the Kargon and 0'Dell (1974) atudy. In
. both cases the profiles appear quite similar in spile of saveral dif-
ferences.

The degree of similarity in profiles can be expressed statistically
by using the weighted occupaiional group-to-group coefficient of simi- -~
lericty for the 16PF (Cattall, Ebar, and Tatszucka, 1970, p. 311—}12).

The profile of the ARTCC controllars was sigpificantly related to tha
national sample profile as expressed by a coefficient of similarity .
of .65 (p<.01}. The tower controller profile also was significantly : g
related to the national tower controller profile with a similariry
coefficient of .76 (p<.0l). These atatistical results indicated that

——g




FIGURE A

COMPARISON OF 16 PF PROFILES OF CENTER
CONTROLLERS: ATC HEALTH CHANGE STUDY
- VS NATIONAL SAMPLE '
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FIGURE B

COMPARISON OF 16 PF PROFILES OF TOWER
CONTROLLERS: ATC HEALTH CHANGE STUDY
VS NATIONAL SAMPLE
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the 16PF prnfiles of the ATC HCS controllers matched the national
sample profiles quite well. Overall, the results meant that one
would be right somewhat more than 992 of the time in saying that
the ATC HCS controllers were reasonably representative of control- .
lers nationwide, in terms of the 16PF profile of persconality charac-
teristics.

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 oria=ntation {(B), dominance
(E),Jelation (F), holdness (H), emotional sensibility (I), anxious
insecurity (L), bohemianism (M), gullt proneness (0), self-sufficiency
(Q2) and free~-floating anxiety (Q4). They also had less ego strength
(C), group conformity (G), sophistication (N), and compulsivity (Q3).

Although there were statistically significant differences be-
tween the ATC HCS controllers and the natiopal sample. on individual
scales, tie high similarity of profile coefficients with respect to
personality characteristics suggests that data and findings of this
study may have application to the broader group of air traffic con-
trollers.

Comparison to Caplan, et al. Regional Sample

During the fifth and final examination, a number of scales used
in the Caplan et al. study (1975) were adminisrered to the ATC HCS
controllers: Boredom; Job Future Ambiguicy; Supervisor Support, Social
Support-Co~Workers, Social Support-Friends, Relatives, and Family;
and Role Conflict Scales. One man refused to complete these scales,
therefore, data was avallable on 387 of 388 men seen at the last
examination.

After grouping our controllerr into ARTCC (Center), tower, and
TRACON (Traific Radar Control) facility options, we compared Cheir
scores with the 82 controllers from large facilities and the 43 con~
trollers from small facilities reportad by the Caplan group. Table
6 displaya the results.

The results indicated that the ATC HCS5 controllerz had saignifi-
cantly higher (p<.00l) Boredom scores than the Caplsn study control-
lers. However, the ATC HCS controllers were not dramatically differ-
ent on the remaining possible comparisons for Job Ambiguity, Social
Supperts or Role Conflict. .

These results were important because they showed the basic Simi~
larity of the ATC HCS controllers from ths Northeastern facilities
in this study to those from the Midwest in the Caplan study.




TABLZ 6

Comparison of £apl£n. et al, {1975}
Regional Controllers with ATC Health Chanre Study Controllers

‘Caplan, et al, Caplan, et al. ATC Health ATC Health ATC Health
ATCs-Large ATCs~Smatt Change Study Change Study Change Study
, Alrports Alrports Center Contrallers Tower Controllers Tracon Controllers
Comparison Variable (#=82) _ (u=43) (N=265) (N=46) (N=76)
Job Dlssatisfaction 3.09 2.85 C1.43 1.51 1.46 Mean
.66 .69 LAk .54 .56 5.p.
Boradom 1.49 1.40 2.32 1.81 1.88 HMean
.68 . .65 .87 .85 .79 5.0,
Job Future Ambigulty 2.21 2.02 2.48 2.64 2.45 Mean
;66 .7z .37 .88 .87 s.0
Supervisor Support 2.69 2.87 2.77 2.589 2.65 Mean
.7z .64 .83 .86 .91 S.D.
Social Support-Coworkers 3.12 1.37 2.84 2.92 2.95 Mean
5k k6 .57 .60 .68 5.D.
Socia! Support-Frlends, 3.43 3.58 3.30 3.16 3.19 Mean
Relatives and Family ‘.60 .51 .70 .95 .76 S.D..
Role Tonflict 1.56 1.36 1.48 1.59 t.b1 Hean
.56 .50 .51 .55 47 s.p.

ma

134
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We made one other comparison to the other samples by grouping
the va-ious characteristics into those which might be socially de-
airable or undesirable for controllers in this study, from 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 samplus. We found that the ATC HCS subjects were reason=
ably representative of the other coatroller populationm.
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SUMMARY

Comparability of ATC HCS Subiects to Non-Participating
ATCa in The Same Regions

Tv assure that the sampling procedures and definition used in this

study did not select a group of subjects 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-
ticipants and those =smong non-participants.

It was found that participants had been medically disqualified at
a rate approximately half that of non-participants. Differences

between participants and non-participants in disqualification for
psychilatric reasons were not as great as differences between the

two groups in disqualificatcions for jomatic reasgona.

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

These findings indicated that the .rates of health change reported
in this study were probably conservative estimstes of health change
among the larger populztion of air trafiic controllerc.

Among 95 men (both participants and non-pnrticipancs) medically
disqualified from New England facilities and. the New York Common
IFR room, 78% were granced Second Career and/or OWEC options.

. Participant ATCs were promoted at a rate approximataly 1.5 times
that ~f non-participant coatrollers.
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3. Comparability Of ATC HCS Subjects To Non-Participating ATCs

%{ In The Same Regions

The preceding section reported thst the air traffic controllers
in the Health Change Study were reasonably comparable to controllers
around the country in terms of their personality profiles. Further-
more, they were reasonably comparable to samples of midwestern con-
trollera in terms of several psycholcgical and job-related variables.
The participating controllers in the Health Change Study were also
compared to non-participating controllers from the same facilities,
in terms of their medical disqualifications for somatic or psychiatric
reasons. ‘lnls comparison was important to assure that the sampling

. procedures and sample definition that we used did not result in a
group of men who had medical disqualification rates or problems very
different from men whe were not participants. To obtain the necessary
data we asked the Eastern Reglonal Flight Suyxgeon, John P. Skelly,
M.D. and the New England Regilonal Flight Surgeon, U.A. Gerred Sexton,
M.D., to provide us with certain data. '

We asked for the total number of fully rated journeyman control-
lers on every facility roster, the attrition frequencies for reasons
other than medicsl, the number of medical disqualifications, the dis-
qualified man's initlals, date of birth, entrance-on~duty date, the
date qualified aa a controller, and the diagnosis .if it were a medi-
cal disqualification. These data ware requested for each month begin-
ning Janusry, 1974 through October, 1977. The men's initials. birth-
dates, and entrance-on-duty dates allowed us to identify those dis-
qualified controllers who had been participants in the study. However,
- that same data did not allow us to nstaln the actual identity of the
disqualified non-participants, but allowed us to identify how many
non~participants in each facility had the characteriastics described.
We were deeply appreciative of the efforte put forth by Dre. Sexton
and Skelly aund their staff to provide us with this d.-ta in a relatively

short perfod of time. )

. Although these Aara also represented occupationally related out-
. ¢comes which are discuseed in Section 1II E, the purposa of the analy-
ais in this section was to ascertain the extent to which the suhjects
in this study appeared to match their non-participating colleagues in
{liness proneness, as weasured by number of medical disqualifications

in asch group.

Table 7 displays the comperison of somatic and psychiatrie dis-
ualifications of non-participants end participents in the health

change study according to age groupings. The figures at the top pf
‘the table are simple counts of the number of men disqualified for the
To make comparisons between

listed reasons in tha various categories.
the disqualification rates for participants and non-participants, ve
calculated the number of mom-months at risk. SRS :




TABLE 7 49

Overal] Age-Grouped Comparison of
Medical Bisqualification Rates
For ATCs Participants And Hon-Participants

MEDICAL DISQUAL1IFICATIONS AT ALL FACILITIES IN STUDY

Overall man=months at risk = k367h

A. Participant man-months at risk - 12780
8. MNon-participant man-months at rlske= 30894

Overall medical disquallfication rate - 3.00 per 1000 man-months
A. Participant medicai disquatificatlion rate = 23/12780 = 1.80 par
1000 man-months,
8. Non-participant medical disqualification rate = 108/30894 = 3,50
per 1000 man-manths.,
somatic disqualification rates

3 A. Participants = 12/12787 = .94 per 1000 man-months.
Non-participants = 70,/30894 = 2,27 par 1000 man-months.

psychiatric gisqualification rates

Participants = 11/12780 » .86 per 1000 man-months.
Non-participants = 38/30854 = 1.23 par 1000 man-months. N

]

S

_ NON-PARTICIPANTS ~ PARTICIPANTS |
Age as of 9/73 somatic psychiatric somatic psychiatric Total
25-37 20 15 5 5 a5
38-49 20 12 7 6 us
50+ 30 no 0 0 ui
subtotats ‘ 70 38 12 1 131
Total Mon-parti~<ipant/participant 108 ‘ | 23
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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 on
wiiich a man became ineligible for partic.pution for any one of sev-
eral reasona, oy the date of his fifth and final examination at Boston

University.

o Since we did not have the same depth of data regarding the men

‘ who were non~participants in the study, the man-months at risk for
non-participants were calculated by first summing the number of fully

. rated journeymaa controllers in each faciliry during each month from
January, 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 vreasons,
such as transfers and retirements. The overall man-months at risk
‘for fully rated journeywen controllers in all of the facilities in
the study was equal to the sum of all men on the facility roster each
wonth from January, 1974 to October, 1977, made up of participants

and non-participants.

With these calculations it was possible tc compare the disquali-
fication rates across all facilities as well as for regions. Table
7 shows that the overall medical disqualification rate for any reason
wag 3.00 per thousand man-months. The participant medical disquali-
fication rate was 1.80 per thousand man-monthg, whereas the non-
participants were medically disqualified at a rate of 3.50 per thou-
sand man-months, almost twice the participant rate," :

Part 1II of Table 7 shows that: the participants had somatic dis-
qualification rates of .94 per rhousand man-months, while the non-
participants were disqualified for somatic ressons at more than double
that rate, 2.27 per thousand man-months. Disqualifications for psy-
c¢hiatric reasons at a rate of .86 per thousand man-months among par-
ticigants, and 1.23 per thousand man~months among non-participants,
were not sco greatly different.

We decided to examine these data in more detail by regicn. Table
8 diaplays a distribution of all of the medical disqualifications by
primary somatic and psychiatric diagnoses, in the Eastern (New York)
‘region facilities in this study (New York Coummon IFR Room, New York
Adr Route Traffic Control Centaer). The same diagnoses are liated so
- that the reader may compare them with the disgncses made in the study
eported in Section IIT C 2. The diagnoses for psychiatric disquali-
ications are listed for comparison with those reperted in Section
I1 b 3. For the latter comparison it is important to note thdt ‘the

Table 8 also shows the comparative rates of medical disqualifica-
ons in the New York region for somatic disgnoset and for psychiatric

primery peychiatric disgnoses were neurotic and not psychotic disorders.
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Distribution of Medlcal Disqualifications
2 From January 1974 Through October 1977
f New York Region Facilities
Journeyman ATCs Only

. Number of ATCs who were medically disqualified = 48

A. Primary somatic diagnoses - . ' |
. - Non-Participants Participants
Gross obesity and hypertension | 0
8ronchitis and hypertension 1 o
Hypertension 3 0 @
Myocardial infarction 1 ! v
Cardiovascular disease 3 1]
Epilepsy : 1 0
Paraesthesia 0 1.
Spinal disc injury t 0
Back fnjury 0 i
Hearing deficit i 1
Nephritis 1 0
Ulcer and hiatus hernia 1 0
Diverticulitis and colitis ! 0
Ulcer and colltis 2 o
Post-concussion syndrome 1 0
Multiple phorias 2 0
Deceased (1-cancer, l-accidental) i |
Subtotais by participation status 21 5

_ Subtotal of primary somatic diagnoses = 26

n¢ludes those subjects who were inelignble. randomly excluded and randomly
elected but non-volunteers.

" B. - Primary psychiatric diaanoses

Non-Participants Participants

Anxiety and/or depression2 : 1 1)
General psychiatric 2 0
Psychophysiological disorder of G. 1. Tract 1 0
Alcohol ism : . o I

Subtotals by participation status i35 7

Subtotal of primary psychiatric dlagnoses & 22

ys two csses with secondary dizgnosis of hypertension




52 TABLE 8 cont'd.

Comparative rates of medical disqualifications

A. Total man-months at risk = 20730

1. Non-participants man=nonths at risk = 13279

2. Participant man-months at risk

8. Overall medical disgualification rate -

7451

2.32 per 1000 man-months

1. Non-participants = 36/13279 = 2.71 per 1000 man-months

2. Participants
€. Total somatic disqualification rates

1. Non-particlpants = 21/13279 = 1,58 per
2. Participants = 5/ 7451 = 67 per

D. Total psychiatric disqualification rates

1. Non-participants = 15/13279 = 1.13 per
2. Participants - 7 / 7451 = .84 per

Frequencies of Medical Disqualifications by type of

and Age Group: Mew York Facilities

Non-Participants

as of 9/73 Somatic Psychiatric
i 7
6 5
b 3

= {2/ 7451 = }.61 per 1000 man-months

1030 man~months
1300 man-months

1000 man-manths
_1000 man-months

' Particleants

Disquallfications

Somatic Psychiatric
i 2
1 5
0 ¢
5 7

bl
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diagnoses. The comparative rates indicated that the New York facili-
ties' participants in the study experienced somatic health change at

a rate equal to only 42% thar of non-participants, but were disquala-
fied for paychiatric reasons 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 results 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 thousand man-months, a figure substantially
higher than the New York rate of 2.32 per thousand man-r ntha. The
total somatic disqualification rate of non-participants was 2.78
per thousand mapn-months compared to 1.31 per thousand man~months
for participants. Participants were disqualified at a rate of .75
per thousand man-montha for psychiatric reasons whereas non-participants
werc disqualified at a rate of 1.31 per thousand man-menths.

While the participants from the Nes York region were medically
disqualified at a rate that was 597% of their non-participating col-
leaguep’ rate, the New England participants were medically disquali-
fied only 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 betzieen participants and non-
participants was gresater.

The comparisons between participants and non-participants were-
particularly important because they indicated that ine rates of health
change reported in this study were probably conservative e¢stimates of

. health change among the larger population of air traffic controllers.

Data regarding the diaposition of medical disqualification were
avajilable for a limited number of facilities. Table 10 displays the
distribution of Second Career Program and Office of Workmen's Employ-
ment Compensation (OWEC) actions granted to 95 men who were dlsquali-
fied medically from New England facilicies and thea New York Common
IFR room. A total of 78% ware granted Second Cgrear and/cr OWEC op=- '
. tioms after their medicel disqualification from the FAA. Five per-

cent ware pending at the time we received this 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, but it was not possible to ssparare the groups end

compare their disposicions.
)

Rinally, Tabla 11 dieplays a comparison of promotion and trana-
fer rates between non-participants and participants in the Health
Change Study from January, 1974, through October, 1977, in the par-
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1. Mumber of 7T, .

A.

A,

TABLE 9

Distribution of Medical Disqualifications

From January 1974 Through Octobzr 1977

New England Region Facilities

Journeyman AT(S Only

Primary somatic diganoses

Hypertension

Hypertension and psychoneuroses
. Hypertension and diabetes
. Cardiovascular disease _
Cardiovascular disease and other

Diabetes ’

Hearing loss

Hearing toss and blindness
Ulcer

Hyperplasia

Multiple Sclerosis

Vertigo and medications
Musculo~skeletal disorder
Eye disease

General medical
Dermatitis and medicztions

Subtotats

Non-Participants

who were medically disqualified = 83

Participants

Primary psychlatric diagnoses

Psychcneurosis plus other
Psychoneurosis
Personality d'sorder

Disturbance of consciousness

General psychiatric
Anxlety and depression

General psychiatric plus other

Subtotals

Total man-months at risk

5 i
2 0
¥ 1
9 0
3l 1
3 . 0
] 2
1 0
T = 0
4] '
1 0
1 1]
1 0
2 0
5 1
1 0
49 7
Non-Participants Participants
B 0
2 i
4 0
i 0
13 3
| 0
1 ]
23 1

Comparative rates of medical disqualifications

= 22944

1. Non-participant man-ronths at risk = 17415

2. Participant man-months at risk -

5329

L}

Overall medical disqualification rate = 3.62 per 1000 man-months

1. MNon-participants = 72/17615=4.09 per 1000 man=months

2. Particlipants = 11/5329=2.06 per 10670 man-months
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TABLE 9 cont'd. 55

€. Toral! somatic disqualification rates

}. MNon-participants = 49/17615«2.78 per 1000 man-months
2. Participants = 7/ 5329=1.31 per 1000 man-months

D.  Total psychiatric disqualitication rates
1. Non-participants =23/176i5=1.31 per 1000 man-months
2. Participants » 4/5329=,75 per 1000 man-manths

1H. Frequencies of Medical Disqualification by type of Disqualifications
and Age Group: New England Facilities

Non-Participants Participants
Age as of 9/73 Medical Psychfatric Medical Psychiatric
25-37 9 8 o 3
38-49 14 7 : : 6 i
50+ 26 8 0 0

Ly 23 : -7 4




56

“TABLE 10

Disposition Of Medical Disqualifications,

from Selected Facilities For 95 Men '

H

1 lSecnﬁa Career Program only

{?;owﬁc only

foth Second Career and OWEC

Second Career - pending

OWEC - pending

,: Second Career granted with OWEC pending

| Neither Second Career or OWEC

. Total granted Second Career and/or OVEC
.:.‘; Total with Second Career and/or OWEC pending

:':;_c'Tdtal with no comoensatory disposition

Number of Men % of Total
45 4%
3 3%
15 163
3 3%
2 2%
1 12%
16 ST
95 100%
7k (78%)
w5 ( 5%)
-6 (17%)

t . Cowplete data for this presantation was available only for Boston ARTCC,

' Quonset TRACON, Sradley Tower, Providence Tower, Otis TRACON, and the
;7 Yew fork Common [FR Room. :

.
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TABLE 11 57

Comparison Of Promotion And Transfer Rates
Between Non-Participant And Participant AlCs From
January 1974 Through October 1977 In Participating Facilities

Rate per 1000 man-months

Non-participants ATCs Participant ATCs

Prom:t!ons‘ 2.33 3.94

Transfers2 h.63 L. 1.9%

1
Promotion data was available from the Boston ARTCC, Logan Tower, Otis TRACON,
Quonset TRACON, and Bradiey Tower

2
Transfer data was avallable from Mew York ARTCC, Boston ARTCC, Logan Tower,

Quonset TRACON, and Bradley Tower.

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

First, one can note that participant ATCs were promoted at a
rate approximately 1.7 times that of non-participant controllers.
Secondly, non-participant controllers were transferred to other
facilities more than twice as often as participant controllers.
Since a number of contributory factors possibly accouated for these
differences, we were hesitant to interpret this data. A conserva-
tive interpretation might be that men who volunteered to partici-
pate in the study were not expecting to be transferred and further-
more may have had higher aspirazions for themselves.

In summary, the most important conclusion Ffrom 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 {n the later sections nay
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, relaevance to air traf-
fic controllers and to the air traffic environment was required.
Second, the variable had to be measurable. If a measurement
technique was nut available, we considered the feasibility of de-
vising an assessment technique. On the other hand, fif techniques
were avajlable, we considered them from the standroint of pracei-
cality in usage. Third, we evaluvated the reliability and validicy
of assessment techniquea. And finally, we searched for and re-
quired evidence that a given variable would have either a direct
or woderating influence on health change.

Using these criteria, ten predictor variables were chosen:
Saocic-demographic characteristics, history of health and health-
related behavior, personality characcteristics, marital, family
and sccial supports, job—related'characteristics. 1i{fe changes,
workload, psychological and behavioral measures at work, cardio-
vascular measures at work and endocrine measuras at work,

A description of each predictor variable frllows, along with
the rationale for its use in the study, explanetions of the method
of measurement, and descriptive findings.

The abllity of these variables to zredict any of the health
or job cutcomes is discussed in Section V, Predicrive Findings.

b
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SUMMARY

SOCIO-DEMOGRAPHIC CHARACTERISTICS

Data were collected on the ATCs' parents; soclal, educational,
economic, military and religious backgrounds; and adolescent exper-
iences for analyses of thair relationship to health change. Sowme
descriptive data is reported in Section IIIAL. In addition, the
data showed that: :

1)
2)

3)
4)

)
6)

L)

8)

The ATCs' parents were generally compatible;
62% of the ATCs recalled a growth rate about
the same as their adolescent peers;

91% of the ATCs were equally or more athletic
and fit than their high school classmates;
91Z had as many, or more, friends in high
school as others;

357 had considered guitting high school;

77% socialized with girls at least weekly in
high school; -

The relationships of 86X of the ATCs with their
parents were average or better than those of .
most others; and

‘62X had alcoholic beverages outside their home

by age 16.

(59
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1. Socio-demographic Characteristics

As we were interested in determining the extent tolwhich cer-
tain background or current bilographical data might predict future
health cxr job outcomes, we used the information obtained from the
Alr Traffic Controller Biographical Questiomnaire (ATC BQ) not
only to describe the study participants (see Section I1I A 1) but
alsu to ascertain whether or not there were any significant rela-
tionshins between specific socio-demographic charactaerisrica and
health cr job cutcomes. Although general information descriptive
of the participants has already been reported in the previoua sec~
tion, the rationale for attempting to relate socio-demographic
characteciatics with healih changes, and additional information
pertaining to aspecta of the personal lives of the participants,
is reported below.

Raticnale

It is well accepted that the circumstances and life style
into which a person is born and raised hss an effect, often inde-
terminate, ¢n his or her future well-being. Some attempts have
been made to predict future outcomes by use of biographical in-
ventories that elicit informatisn on personal background. Eaxlvy
uses were in the prediction of auccess of salesmen {Goldemith,
1922; Kornhauser, 1965; Kurtz, 1939), prediction of college success
(Bittner, 1945) and vocational succesa (Ghiselll, 1955; Super, 1957),
. success in an officer training program (Guiliord and Lacey, 1947),

and detection and treatment of accident-prone drivers (Johnson,
1946).

Biographical data has been extcnsively used in industriasl
studies (Owens and Champagne, 1965), in paychologirgl research
to predict amenability to psychotherapy and severity of anxiety
reaction (Lawrence, 1947) and in health resesarch to establish a re-
lationship between status incongruity and level o’ fllness symptoms
{Jackson, 19621), as well as between coronary digsease and both sta-
tus incongruity and social mobilfity (Cohen, 1974; Wardwell and
Bahnson, 1973), and between health change and a variaty of personal
1life hiscory and current life variables (Jenkins, 1$76). Finally,
such background factors as veliglous affiliacion (Kaplan, 1975;
Wardwaell and Bahngson, 1973) and church attendance {(Kaplan, 1975;

Comstock and Partridge, 1972) hava also been related to a variety
of health problems,

. : [

The study‘ef health change in air traffic controllars presented
& good opportunity to determine under carefully controlled condi-
tions vhether or not sceisal background or current lifs circumgtauces
wars related to futurs health changes zmong this population,




- 62 '
Findings

Characteristics already summarized in Section II1 B 1 to
describe the sample included their social setting while growing
up, the economic situation and family size and membership of
rheir parental families, education and occupations of fathera

. and mothers as compared witi the ATCs themselves, and their
- religious affillations, Other social background characteristics
E of interest for predictive purposes included the extent of ccm—
patability between parents in background, personality and goals.
for their families, and the adolescent experiences of the AICsg
themselves, summarized below.

The ATCs perceived their parents as having very similar v @
goals for the AYTC, but perceived the parenis' personalities as :
being dissimilar. More than 50% of the participants judged

thelir pavents to be very similar in social background, education

and religious emphasis. To obtain an overall measure of parental

compatibility on these issues, thz scorec of the five items in-

quiring about parental compatibility were summed, yielding a

range from 5 (very similar on all items) to 15 (sharply different

“on all items). Using the total acores 5-7 as "very similar,"” 812

as "a little different,” and 13-15 as “sharply different,” the

following results emerged: (1) very similar, 48%, (2). a little

different, 47%, and (3) sharply uifferent, 5%. The results indi-

cated congsiderable compatibility between the parents of the study
population. .

Because of the importance of the teen-age years to later
development. vwe incluged seven items in the ATC BQ to assess the
ATCs' experiences at that time, as they were recalled,

‘When asked to compare their physical growth with that of
their peers in adolescence, 62% of the study group believed they

were about the same, 15% perceived their own growth rate as faster,
and 23% as slower.

Asked how athletic and fit they were in comparison with their
adolescent classmates, 44% recalled that they were ubout average,
477 above average, and 9% less fit.

For 751 of tha controllers, the number of friends they had
in high school seemed to be about the same ag othkers, while 16%
reculled that they had more friends than others, and 9% recalled ) :
having fewer friends than others,

Twenty~six percent of the study group reported that they had
sexiously considered quitting high school once or twice, 9% had

congidered it mocre frequently than once or twice, and.58% had never
considered quitting.

B
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Seventy-seven perceut of the ATCs reported that during their
last year in high school, they went out socially with girls one
or more times 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 the ATCs and thedr parents during
the ATCs' teen years was described as about average by 56X of the
participants, as better than that of most others by 30X, and as
worse than that of others by 14X, B

. The majority of the study group (622) had their first alco-
holic beverage outside of their home 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 cver 21 years
of age before they drank outside of their home.

The extent to which the social charactsristics described both
in Section IIT 4 1 and above are predictive of future health change
is reported in Section V, Predictive Pindings.
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SUMMARY

Realth History and Health-Related Behavior

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

1
2}

»

4)
5)

73% of the ATCs had one or more relatives

who had had a heart attack or who guffered
from angina; '

25% of the ATCs had fathers who had suffered
either a heart attack or angina;

50% of the controllers had some femily wmembers
with hypertension, 20X of the controllers
having fathers with hypertension and 20X having
mothers with hypertension;

40X of the men reported cancer among their
relatives;

43% of the men reported allergy in their
families.
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2. Health History and Health-Related Behavior

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 heslth of industrial populations
have shown that a signi<icant, though weak, predictor of future
kealth change is the frequency of illmess in the past. In addi-
tion, a complete medical examination has traditionally included
data both on family history of disease and personal disease his-
tory. :

The impact upon health of a variety of daily life habits
has been well establiished. Adeguzcy of sleep and regularity of
. meals have been assoclated with five-yvear survival rates in free-
living communitles as studied by Belloc and Breslow*, The use
of cigarettes and other tobacco products has been assoclated
with ill health and inecreased mortality in a variety of studies.
One's cholce of beverages has been related to future incideuce
of gagtric ulcer. Hence, it was deemed important to obtain a
family history of disesse and a history of personal heclth 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 including these factors., First, it was import-
ant to determine whether 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 digease might be obsexved in this
sample of ATCs because some inadvertent celection factors had
brought a high risk group into the study population. Secondly,
to determine the independent contribution of current lile stresses
in illness causation, one would need to know the extent to wiilch
the illness was predictable on the basis of family or personal
health history or habits alone.

FPindings

At the Intake examination, ATCs were asked to indicate which,
if any, bleood relatives had ever had 2ny of the following condi-
tions: heart attack or aungina; stroke, high blood pressure, asthma/

[}

* Belloc, N.B., RELATIONSHIP OF HEALTH PRACTICES AND MORTALITY.
Prepublication report. Human Population Laboratory, California
State Department nf Public Health, Berkeley, California.
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hay fever/hives or eczewa, diabetes (sugar disease), nervcus
disorder, liver disease (jaundice), anemia or bleeding discase,
kidney disease, cancer or leutemia, sulcide, peptic ulcer, em-
physema or other chrunic lung disease. At each subsequent
examination, ATCs were asked for aay additional report of relatives
who had developed any of these diseases and also for an update

of the record if they had, in the interim, learned of the pre-
sence of any of the diseases in relatives with whow they may

not have had regular contact. & madical history was elicited

for the father, mother, grandparents, uncles or aunts (1f
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. 1In all, 73X of the men reported one or
more of the relatives with such a history, including 25% who
reported this for their fathers. Hiech blood pressure was reported
in the family by 50% of the controllers, with fathers and mothers
each mentioned by about 2C%7 of the men. The next most frequently
reported health condition was cancer, mentioned by 40X of the men.
In this case, grandparents and other blusd relatives clder than
the subject were reported more than three times as frequently as
elther 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 cach 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 coumon of diseases from among a comprehensive
list. Coronary disease, stroke, high blood pressure, and cancers
were the most commonly reported subsequent family illnes:ses, aa

might be expected by their frequer:y in the general population.

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

.~
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SUMMARY

Personzlity Characte-istics

Although perscnal.ty characteristics have frequently been related
in research studies to illness experlence, few studies have been
able to separate personality characteristics resulting from, and
those antecedent to, any illness outcome, nor have these studiles
shown the biological meéchanisms tramsmitting the influence of . per-
sonality.

Qur prospective study of ailr traffic controllers provided an oppor-
tunity teo attempt to clarify these and other issues raised regard-
ing persconality influence on lealth outcome.

Six different instruments or scales were selected to measure or
assess these personality characteristics, each described in turn
in the sections following.
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3. Personality Characteristics

One of the long~standing controversies in madicine relates to
the question of whether or not personality chavacteristics predis-
pose either to specific diseases or to disease in general. An ex- " .
tensive literature (Weiner, 1977) has explored -he relatirr-ships
particularly to certain diseases comuiderad to have more probable \
connection wi“h personality and hencu labeled “psychoeomatic" iIn 1
nature.

The crux of the controversy over the influence of 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 concomitant with certaln diseasas
waere in fact antecedent tc the onset of the disease. As the stu- v ”
dies were typically retrospective in nature, it was usually not
possible to separate personality characteristics resulting from,
and those antecedent to, any disease outcome, Second, studies in
which personality characteristics were correlated with disease
initiation or maintenance did not pursue how the personali:.y at-
tributes might have been linked to che biological mechaninms of
the disease, As physioclogical and endocrine measurements were
rarely made together with personality assessments, little evidence
of the process of personality influence on illness could be of-
fered.

Another provocative question was whether personality 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 other

predisposing Jactors (e.g., life change, genetic predispoaition,

or other sody facrors) to initiate illness. Complicating these

many questions has been the additional pessibility taat specific
personzli:y characteristics may relate to cerivain sub-types of
d'sease snd that better nndarstanding of the influence ol person-
ality on disease initiation or maintenance may await greater clarity
ir specifying diseace sub-types.

As our prospective study of alr traffic controllers provided
a8 good opportunity fur possible clarification of some of these
questions as well as an opportunity to answer, for this particu-
lar population, whether oxr not tiaeir illnesses could be predicted
in any way by parsonality charactsristics,. we were eager tc utilize
measurements of personaliity characteristics that would allow com~
parison with other research findings, and would provide us with
scores having generally accepted reliability and validity.
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After considerable thought, we selected six different instru-
ments or scales, each of which will be described in turn., along
with the rationale for selection of that parricular measure. The
predictive value of personality characteristics as measured will
be discussed in Secticn V, Predictive Findings.
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SUMMARY

The California Psychological Inventory (CPI)

The CPI, a commonly used inventory of everyday personalicy traits
arracged to measure 18 different dimensions, was administered to

the ATCs at their second Boston University Medical Center examin.-
tion.

Relative to 5000 U.S. males in the original standardization sample,
the controllers as a group scored within a normal range, and showed
group tendencies toward strong, dominant, agressive, independent,
socfable, conscientious and self-confident personalities who dis-
1ike znd feel uncomfortable with outside regulation and authority
and who are somewhat intolerant of people different from themselves.

4
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a. The California Psychological Iaventory

Ratjonale

Qur first requirement was for an instrument chat would pro-
vide an acceptably valid and reliable general assessment of per-
sonallity traits. We considered a number of multitrait personality
inventories, including the Minnesota Multiphasic Personality In-
ventory (MMP1), the Sixteen Personality Factor Questionnaire
(16PF) and the California Psychological ILnventory (CPI).

As the MMPI concentrated primarily on psychopathology, which
we had other means of assessing, and the l6PF was initially re-
jected by the ailr traffic controllers because uf their bad exper-
ience with this measurement by other investigators st a previous
time,* we decided against use of these measures,

On the other hand, the CPI seemed te be an ideal choice for
several reasons, and therefore was selected to be adwinistered
during the second examination at Bostion University Medical Center
as an instrument for assessing general personality traits. -

The CPI assesses eighteen personality characteristics (Gough,
1960). It had been used in at least ore previous study of air
traffic controllers (Trites, Kurek and Cobb, 1967), providing us
with data for posgsible comparison and interpretative assistance.

The CPI focuses on moure positive, everyday perscnality
traits, such as dominance and responsibility. Its content con-
sists of questions about typlcal behaviors, feelings, opinions
end attitudes of a respondent about social, ethical and family
matters. It 1s notabie for its lack of psychopathalogically or
pptom-orienced macerial. Finally, the CPI has been used in
Ferally hundreds of research studies, and therefore a large
literature was available regarding its use and interpretation.
Thege considerations were bolstered by high praise from a lead-
ing psychometrist (Anastasi, 1968) and by the detailed review of
validity, reliability and psychometric research on the CPI by
Hegargee (1972).

Findings

Table 12 lists the names of the eighteen CPI scales and desg-
criptive charactaristics of persons who score high on each of

'

* Although the air traffic controllers initially rejected the 16PF,

by the time of the fifth round of exsminations at Bostor QUniver-

. aity Medical Center, they had changed their view and demonstrated
their confidence in us by allowing us to administer the 16PF to them.

J



TABLE 12

"California Psychological lnventory

Scale Names and Descriptive Characteristics Scale

Scale Name
Dominance
Capacity for Status

Sociability

Social presence

Self~acceptance

Sense of Well-belng
Responsibility

Soclalization

Self-control

Tolerance
Good impression

Communality

Achlevement~-conformity
Achievemaat-independence
Intetlectual efficliency

Psychological mindedness

Flexibltity

Descriptive Characteristics of High Scores

Ambitious, dominant, forceful, aggressive, persistent
Discreet, forgiving, imaginative, Independent

Clever, confident, wldeulnferests. outgeing,
sociable

Adventurous, pleasure-seeking, self—confident, relaxed

Confident, enterprising. lndependent thinking,
sophisticated

Dependable, good-natured, free from worries
Capable, conscientlious, serious, useful, responsible

Adaptable, efficlent, honest, sincere. high social
maturity

Dependable, logical, self-contralled, freedom
from impulsivity

Forgiving, genzrous, good-natured, soft~hearted
Adaptable. changeable, constderate, kind

Cautfous, conscientious, deliberate, non-randomnmess
Ambitious, capeble, intelligent, iogical
Foresighted, Independent, Intelllgént, versatile

Capable, confldent, efficient

Foresighted, Independent, responsive to inner
needs of others

Easy goiny, highly adaptable, optimistic, spontaneous




73

these scales. Figure C displays the €PI profile for the 391 con-
trollers completing the questionnaire during thelr second examina-
tion at BSoston University Medical Center (1 of the 392 who came

to the second examination was not included because his scores in-
dicated that he was randomly answering the questionnaire). The
controllers' mean scale scores are plotted relative to 5,000

males in the original standardization study {(Gough, 1960), whera
.50 was the average male score and 10 was the average standard
deviation.

Relative to the standardization sample of middle class Ameri-
can males between the ages of 18 and 50, controllers scored quite
- high on the Social Presence, Dominance and Self-Acceptance scales,
indicating dominant, independent, outgoing, adventurous and con-
" fident personalities in general.

The controllers scored quite 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 delinquents, parolees, prisoners and other
social misfits (Megargee, 1972). High scorers on these two scales
tend to be in positions of leadership in their schools, communi-
ties and organizations. The low score for the controllers indi-
cates not a lack of responsibility nor a lack of soclalization
as the scale names would suggest, but rather a low regard for rules
and regulations and a tendency to do things as ome wishes in ordex
to get them done.

The controllers scored in the low average range on the Self-
Contrel scale reinforcing the previcus profile of dominant, force-
ful, aggressive and celf-confident persons who dislike rules and
regulations, ~nd do not mind btreaking laws or other external res~
tricticons. :

In all of the remaining scales the conttnllexs scored in the
average range, with slight elevations for being cautivus and con-
gcientious (Comwunality), for achieving in more irdependently
oriecnted ways rather than conforming ways, and for being psycho-~
logically minded. Theilr Intellectual Efficiency scores were aver-
age as wera their Flexibility and Femininity scores.

_ The CPI also provided three of the validity scales used in

this study. The Sense of Well Being acale is an inverse "faking-
bad" scale; that is, a person scoring extremely low (below a

‘scaled score of 30) is likely to be descriiing himself in an ex—
cesgively negative fashion, Studies have shown that people who are
very upget will score in a more moderate ranga (30 to 40) than per-
sons who are attempting to make themselves look very bad (Megargee,
'1972). As a group the controllers had a slight tendency to describe
themselves In less than optimum fashion, but an analysis of fndivi-
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FIGURE C

CAL!FORNIA 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 . -
as bad as their scores indicated. In all cases the additional

data (medical, psychiastric and biological) confirmed the men's

self description.

The second validity scale provided by the CPI was the Good
Impression scale. The Good Impression scale assesses "faking-
good," an extremaly 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 gcale. 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 tuv their ideal,

Finally the Communality scale indicates the degree to which
a respondent's answers arg 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 remainder of his data showed that the CPI results were
confused and inconsistent buc that his other Jata were not dis-~
ordered. It may have been that this one man dfd not align hig
answer sheet with the proper questions and thevefore svstematic-
ally misanswered all of the remainirg itemsa. Since his score
was so deviant and his answers were so inconslstent on the CPI,
we discarded his results from all analyses using CPI scores.

In summary, the CPI indicated that controllers scored in
essentially a normal fashion with group tendencies indicating
strong, dominant, agresslve, independent, eoclable, conscienticus
and self-confident personalities who dislike and feel uncomfor-~
table with externally imposed regulations and authority, aud who
are somewhat intolerant of people different from themselves., The
validity scales irdicated that very few men (a maximum of 30 over
all three faking scales) had etrong tendencies to describe them-
selves either very favorably or very unfavorably. In all but one
case the results were considered valid because there was confirm-~
ing data from other sources as to their different status.

The value of the 18 CPI personality variables in predicting
health changes occurring after the second examination at Boston
University are reported in Section V, Predictive Findings. Use
of the "faking-good" and "faking-bad" scales to check the valid-
ity of other self-reported data 1s dircussed in Section IV, Evi-
dence for the Validity of Self~Reported Data.

Cenegoiii oo L
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SUMMARY

The 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, impatient, agressive, hurried,
job-involved, achievement oriented, conscienticus and responsible.
Type A behavior has been associated in other studies with increased
risk of coronary hcart disease and atherosclerosis.

Four JAS scores were provided:

1) Extent of Type A behavior pattern;
2) Speed sud Impatience;

3) Job Involvement, and;

4) Hard-driving competitive.
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b. The Jen&igsrActivity Survey

The Jenkins Activity Survey (JAS*) was designed to measure
the Type A behavior pattern which has been assoclated in recent
studies with increased risk of coronary heart disease and athero-
sclerosis. As this self-administered, computer~scored multiple
choice questionnaire has been administered to many thousands of
Americsn and European men over 13 years of development and stun—
dardization, it was quite natural that the questionnaire was
gelected to be administared to the ATC population of the present
study &3 an additicnal test of its value in predicting health
changes. The ATCs were given this questionnaire during their
second visit to Boston Univergsity 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 cardiclogists Rosen-
man, Straus, Friedman et sl, (1964). Scores in the positive di-
rection Indicate increzsing intensity of the Type A pattern, where-
as scores in the nezative direction signify the converse Type B
pattern. Type A persons are hard-driving, competitive, impatient,
always in a hvrry, aggressive, committed to their profession,
achievement oriented, conscientious and responsible. In coutrasc,
Type B individuals are more calm and relaxed, more interested in
the quality of life than quantity; for the mcst part they are
also interested in good performance and good success, but they
seek thelr goals in a less pressurad, less intense manner. 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 hLigher risks of develop-
went of new clinjcal coronary disease and recurrent mvocardial
infarction. The Type A behavior pattern is a complex syndrome
which is composed of three major independent dimensions. These
dimensions are measu.ed by the remaining 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 a hurry,
to be impatient with others when they speak or work slowly, t¢ have
a strong temper and to be willing to express feelings forthrightly.

Job Involvemeut. This gcale is composed of items depicting
one's work situation as containing many prassures, important dead-
lines, demands for overtime work, many challenges and unexpacted
problems needing attention and correction, In difirion, This scale

*# Available from the Psychological Corporation,
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includes items which indicate that high scorers will also re-
ceive promotions and pay Increases in response to their job
dedication. .

Hard-driving, Competitive. High scorezs 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 moxe effort,
need to hurry more often, and have been told by family members
and others that they are too acclve and need to slow down. High
scorers can be characterized by the motto, "We try harder.”

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

i



SUMMARY

Sixteen Fersonality Factor Questionnaire (16 PF)

Because the 16 PF had been used in previous studies of air traffic
controllers, it was selected to be administered to this study popu-
lation for purpeses of compariscons across ATC groups. However, as
previous experiences of the ATCs with this instrument in other
studies caused reluctance to cooperate in administration of the
questionnaire until the last examination period, the results could
not be used for predictive purposes, but could be used in retro~
spective comparisons of men with different health change history
over the three-year study.

In compariscn with 1,147 males in the U.S. comprising the original
-normative sample used in devising the 16 PF, theé present ATC group
scored significantly higher on dimensions of intelligence, ago
.strength, dominance, elation, group conformity, boldmeas, self-
sufficiency, compulsiviry and free floating anxiety. The AICs
scored lower than the U.S. males on dimensions of emotional seusi-

tivity, anxious insecurity, scphistication, guilt proneness, and
criticalness.

The results were consistent with those found for & national sample
of air traffic controllers.
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¢c. Sizxteen Personality Factor Questionnaire

In an earlier section we described how our subjects, located
at Air Route Traffic Control Centers and Towers, compared with
respect to age and experience with national samples of controllers
at these same types of facilities. The earlier results were used
to help establish the comparability of our subjects with other
controllers around the country. 7This 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 Questiomnnaire (16PF). In addition, the rationale and
procedure for use of the 16PF in this study is explaiped.

Rationale

The 16PF exists in four forms (A,B,C,D) and two revisions
(1962, 1967). Recause a number of studies were available in which
the 1962 Form & version of the 16PF was used on air traffic con-
trollers, we selected this same version for our study even though
it was not the most recent version. However, use of the l6FF pre-
sented several problems, First, the controllers were very sensitive
about taking the 16PF because, according to them, there had been
repercuasions 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
ceoperation at that time for its administration. Rather, we had
to wait until the fifth and last examination before the men were
sufficiently comfortable and ccnfident *n theiyr interactions with
us to allow us to administer the 16PF.

Of the 388 men present for the last examination, 387 completed
the questionnaire, with one man still refusing to cooperate. TFor
dascriptive purposel, the results based on 387 are adequately re~
presentative of the results we might have obtained with the original
416.

Findings

Table 13 1lists the 1&PF scales and provides a raw score des~
cription, the general characteristics being assessed and the high
score description for each scale, Figure D plots the 16PF profile
of controllers in this study with the distribution of scores among
1,147 males in the general U,S5. population. The ccuparison indi-
catas that controllers score significently higher on the persona-
Jity dimenslons of intelligence (B), ego strength (C), dominance
(E), elation (F), group conformiry (G), boldness (H), self-
sufficiency (Q2), compulsivity (Q3), and free floating anxiety (Q4).
On the other hand, the controllers scored lowet than the normative
populaticn on the persinality dimensions of emotional sensitivicy

]
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Q4

TABLE 13
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Sixteen Psrsonality Factor Questionnaire

Scale Names and Descriptive Charac-.

Low Scare
Description

General

(haracterist.c

Reserved, detached,
eritical, alowf, stiff

Dull
Low intelligence

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

Humble, mild, easily led,
docile, accommodating

 Sober, taciturn, serious

Expedient, disregards
rules

Shy, timid, threat-
sensitive

Tough-niinded, self-
retiant, realistic

Trusting, accepting
conditions :

Practlcal,ﬁdOwn‘to-
earth'' concerns

Forthright, unpreten-
tfous, genulne but
socially clumsy

Self-asiured. pltacid,
secure, complacent,serene

Conservative, respecting
traditional [deas

Group dependent, a 'Joiner"
and sound follower

Undisciplined self-conflict,
lax, follows own urges,
caraless of so-ial ruies

Relaxed, tranguil, torpid,
unfrustrated, composed

warmth

Inteiligence

Ego strength
Domlinance
Elation

Group .
Conformity

" Boldness

Emotional
Sensitivity

Anxious

insecurity

Bdhemianlsm

Sophistication
Gullt
Proneness
Criticalness

Self-
Sufficient

Compulsivity

Free-fioating
Anxiety

. .stics

High Score
Description

Ou:going.‘wa:mhearted;
easygoing, participating

Bright
High intelligence

Emotionaily stable,
mature, faces reality,
calm

Assertive, aggressive, compet-
ltive, stubborn

' Happy-go~lucky, enthusiastic

Conscienticus, persistent,
moralistic, staild

Venturesome, uninhibited,
saoctally bold

Tender-minded, sensitive,
‘clinging, overprotected

Suspicious, hard
to fool .

tmaginative, bohemian,
absent-minded

Astute, polished, socially
aware

Apprehensive, self-reproaching
insecure, worrying, troubled

Experimenting, liberal,
free~thinking

Self-sufficieat, Tresourcefut,
prefers own decisions

Controtled, exacting will
power, soclally precise, ¢om-
pulsive, following self-imige

Tense, frustrated, driven,
overwrought,

R
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FIGURE D ' j

SIXTEEN PERSONALITY FACTOR QUESTIONNAIRE PROFILE OF
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(I), anxious insecurity (L), sophistication (N}, guilt proneness
{(0) and criticalness (Ql). These results were entirely consisg-
tent with those reported by Karson and 0'Dell (1974) regarding

the general personality characteristics of their national sample
of air traffic controllers, o .

In general, the 16PF Questionnaire results indicated that
the controllers were more like the general population of males
than not, But, on the other 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 iudicated cthat the air traffic controllers were intelligent
persons whose anxieties were controlled by meticulous cowmpulsive
behavior, who tended to be dominant and group conforming but who
also held beliefs that authority and regulations were obnoxious.
They tended to be bold and to be somawhat lacking in 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 1llneas.
This result has been suggested before (Karson and O'Dell, 1971; -)
Karson and 0'Dell, 1974), but in this study we had the first op- :
portunity te validate this suggestion.

Since the 16PF was adwministered at the last exawination, we
could not use ft for predictive purposes. Rather, it was included
primarily for descriptive purposes and to provide retroapective
comparisons of men who had different health change histories over
the course of the study. Since our subject population of control-
lers acored so similarly to the nctional gamples of Karson and
0'Dell (1974), we could expect that our retrospective comparisons
would have ucility for screening purposes in later studles.

o




SUMMARY
PSY 130

A series of true-false scales were administered to measure the

following dimensions: Hypochondriasis, Depression, Hysteria and
Anxiety. '

The Hypochondriasis and Hysteria measures were used as validating
checks on self-reports of illness to ascertain whether or wot
these psychological tendencies were responsible for increased
reportirg 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 Minnesota Multiphasic Personality In-
ventory (MMPI) (see Dahlstrom, Welch, and Dahlstom, 1973, for de-
velopment and validation information- also Zyzanski, et al. 1976).
and consisted of the following dimeusions:

Hypochondriasis. This scale is a measure of the tendency to com-
plain about symptoms of physical Ill-health, particularly under
the circumstance that no organic basis can be found. Although
MMPI research has found that persons diagnosed as hypochondriacs
by psychlatrists score very high on this scale, it has also been
established that persons with documented organic disease also
score somewhat above the populstion average inm most instances.
The hypochondriasis scale was jncluded in the ATC HCS on a single
cccasion as a validity check to see to what degree syuptom com—
plaints by participants might e correlated with this personality
tendency rather than with demonstrable physical disease,

Depression. The standard MMP?I depression scale containing 60
items was judged to be too lorg for most research purposes. The
short form of chis scale developed by Démpsey (1964), and found
to have greater reliability than the original scale, was included
in the PSY 130,

Bysteria. The full hysteria stale of the MMPI was Included for usge
along with the hypochondriasis scale to determine whether hysteri-
cal hypochondrizcal features waere possibly making a major contri-
bution to reperts of 1ll health. For many kinds of health problems,
the diagnosis depended far more heavily on self-report of signs und
symptotws than it did on laboratory findircgs, and hence a check for
the presence of bias and particularly for individuals who might be
prone to such bias in the rerorting of symptoms was a methodological
precaution.

Anxiety. A short form of the Taylor Manifest Anxiety Scale devel-
oped by Bendig (1956) was the fourth and final scale ipcluded in
PSY 130, The Taylor Manifest Anxiety Schale has been freaquently
used in research and has become establighed as an acceptable mea-
sure of clinical anxiety. The Bendig scale, containing the 20
strongeat of Taylo.,'s 50 items, cerved as ar independent measure

of anxiety at the third examination. Both tie Bendig anxiety scale
and the Dempsey depression scale were found, in a study by Zy:zanskd
and collezgues at Boaton University Medical Center {Zyzangki et al.,
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1976}, to be assoclated with increased amounts of atherosclerosis

as determined by coronary angiography. The PSY 130 thus contained

two scales which had demonstrated assoclation with organically

determined cardiovascular illness (s general category of diseasc . .
to which the ATCs were considered to be particularly vulneraple).

The nther two gscales (HS and HY) had Mheen shown In other studies

to be assoclated more with complaints of disease and symptoms 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 vepresenting 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 anomic indicatoras.

The total score distributian for the anomle scale sllowed identi-
fication of three categories: 16% of the ATCs were classified as
anomic, 12X as eunomic and the remaining 72% as “neither." Anomie
correlated significantly (and inversely) with five measures of job
satisfaction, as would be expected.

it
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E. Anomie
Rationale

The degree to which an individual feels integrated in his
interpersonal relationships and reference groups can be described
on a eunomiaz-anomia continuum, The former rafers to a person who
is well integrated while the latter describes a person who feels
separated from soclety and reference groups. The term anomie has
been used generally to describe this entire continuum in which a
person low in anumie would have a peneralized, pervasive aeuse

of "belongingness," whereas a person high in anomie would feel &
sense of "alienation" (Srole, 1956). At the high end, anomie
tepredents the following five components:

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

the individual'a perception of the sccial 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 retrogressing from the goals they have already
reached;

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

. Not surprisingly, anomie has been related empirically to a

. variety of negative factore, such as elimination of creativity,

. feelings of estrangement from the products of one's work, self-
alienation, feelings of meaninglessness, isolation, and power-
lesoness (Israel, 1948; Mills, 1951, 1962; Seeman, 1959). It has
< aleo been related to mental hcalth problems (Reinhsrdt, 1972;
Reimanis, 1974). The study team hypothesized that AICs who were
ancwic would be at a greater risk for negative health change;
thus, & meagurve of snomie {Srole, 1956) was iacluded.

Findings

Since anomie wasz seen as an enduring treit, it was measured
only at intake, and embedded in the ATC 3} using the following
statements:

1

Thzse days a person doeen't really know whom he can
count on.

e
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Nowadays a person has to live pretty much for today
and let tomorrow take care of itself.

Most public officials (people in government offices)
are not really interested Iin the problems of the
average man.

In spite of what some people say, the condition,of'the
average man is getting worse, not batter.

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 “strongly agree" to "strongly disagree," thus permitting
a range of scores from 5 to 20 with low scores representing the more
anomic responses. On the basis of the men who completed the scale
. at intake (n=409), it was defermined from the total scove diastribu=
tion that three categories of individuals could be idenzified ~-
ancmic, eunomic, and neither of these. Sixteen percent of the ATCs
were classified ag anomic, 12% as eunomic, and the remaining 72%
were classified as "neither." This rather lopsided categorization
occurred because of the large number of scores in the center of
the total possible score distribution and the smaller frequenciea
of extreme scoresa. Since anomie was being measured by only five,
strougly-~worded attitudinal questions, this conservative approach
to categorization seemed appropriate.

One way to determine the validity of the measure of anomie

was to examine its relationship with cther variables. From the
empirical literature, it was expecte: that anomie should be re-
lated to job dissatisfaction. Since the work role is an important
part of the person's life, feelings of anomie should be associated

<h apathy and dissatisfaction with one's job. ‘Table 14 contains
the correlationa between anomia and the five job satisfaction
variables. Since higher scores on tha anomie vaviables are indi-
cative of less anomic feelings, the relationships in the table are
as expected. As can be ssen from the table, snomie 1s significantly

related to all five satisfaction variables. Furthermore, the higher -

values for coworker satisfaction, individual satisfaction, and group
worale ara consistent with our conception of the ancmie variable,
that is, one would expect more general feelings of job satisfaction
to be aore closely related to anomie than attitudes toward specific
job factora. The higher value for coworker sacisfacti on is logical

in that anomie feelings are critically dependent on one's soci&ls
SUPPOIL system.

The relationship of anowie to health changes is diaﬁuaaed in
Section V, Pradictive Findiags.
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faction Variable

tisfaction
kar Satisfaction
isfaction

ual Satisfaction

Correlations Between Anomie and Job Satisfaction

Correlation With Anomie Score

(Higher Score = less anomie)

.15%
L32%A
- 16%
L29%%
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SUMMARY

Marital, Family and Sccial Supports

It was hypothesized, on the basis of available information, that

a4 strong support gystem would 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 i{n the ATCQ on the availability of help from
relatives, friends and co-workers; and,

3) several items frm the ATC BQ, including household com-
position, relationships with wife and children, family
decisicn-making and agreement between ATC and wife on
family goals.

Psychometric 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 soclability, social
presence 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 end felt in close agreement with their wives on family
goals,
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4. Marital, ¥amily, and Social Supperts

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 sclentific literature that

work satisfaction had beea related to 1ife satisfaction in

general (Kavanagh and Halpern, 1977), aand 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

vell 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 societies, moreover,
have shown that marital status is related to physical 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 indi-
cated in addition that warried men have an advantage over
married women in loweted 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
soclal 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 thelr risk for f11-

negs. The methods used to measure this aspect of the controllers'

lives, and the descriptive results follow, whila a discusaton of
- the importance of these factors in the controllers’ health
chauges 1& included in Secrion V, Predictive Findings.

TS

R s e G2 et S g

R,




93

a. Marital Coplng Resources: The Alr Traffic
Controller Questionnaire

Because we hypothesized that a controller who percaived
his wife to be interested and supportive would have less
illness than one who perceived his wife to be uninterested
and rejecting, we embedded 1in the Air Traffic Controller
Questionnaire (ATCQ), described in detail in Section I11BS5,
.4 measurement of the marital resources available to the ATC
to cope with any felt strain or stress in his Job.

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

"How often do you talk 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 1is your wife of your need
to unwind at the end of a day's work?

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

Baged on the results of a pilot study and other psycho-
metric evidence described in Section ITIBS, a scale was deve-
loped, using responses te these four questions as a measure of
the ATU's perception of his marital coping resources. The pur-
pose of the remainder of this section will be to discuss the
paychometric properties oi this scale to detecmine the qualicy
of the measurement of this variable.

Measurement Qualities of the Marital Coping Rescurces Scale

Based on the responses of the 410 men who completed the
ATCQ during the intake examination, the internal consistency
reliapility of the marital coping resources scale was .71,
an acceptable reiiability under established measurement stan-
dards, The cther major form of reliability of considerable
importance to effective megsurement ia test-retest reliability,
"which reveals the stability of the meagurement of the varfa-
ble over time. Dased on the responses of 3B3 men who completed
the ATCQ on Rounds 1 and 2, -the test~retest reliability of tle
marical coping resources scale was .69, an acceptable value,
particularly since test-retest values are usuglly lower than
internal consistency reliabilities. It was concluded, there-
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fore, that the scale measuring marital coping resources was
adequate in internal consiatency and Iin stability over time.

Along with determination of the scale's reliability,
we needed to determine its valldityv. Although it was not
possible tn determine whether or not our four items in faet
defined and measured what tas intended, i.e., marital cuping
resources, it was pcscible to determine whether or <ot Lhe
scale at least was a measure of an independent dimension.
This test was made by examining the relationships between
various scales. A demonstration that no relationship exists
between measuremeit of one variable and others, where no
relationship 1s expected conceptually or =mpirically may be
considered positive evidence for the independence of the
measures. There was no reason tc axpect the marital zoping
regources scale to be correlated with any of the other ten
scrles in the ATCQ or with the industrial psychological vari-
ables degcribed in IIIBS5, and none of the correlstions with
these variables did, in fact, exceed .20. Orn the basis of
these risulrs it was concluded that the measurement of marita.
copint, resources as defined by our questiona was sufficiently
independent of these other self-report measures.

As discussed fn Section IIIA2, a variety of measures
from the research project of Caplan et al. (1975) were included
in Round 5 so that our results could be cumpared wi~’ the re-
sults from their ATC samples. Among the variables included
were measures of social support provided by "your wife, friends,
and relatives,” "your immediate supervisor," and "other peosle
at vark," in the following four sitvations: (1) making the
ATC's work life easier; (2) wase of talking to these people;
(3) being able to rely on these people when things get tough
at ¢ovk; and (4) how willing these people were to listen to
the AIC's personal problems. The curruiations between responses
concerning these three social support groups and those on the
marital coping resource scale are nrasented in Table 15.

Al

e T

" b




[ 3
95
TABLE 15
Correlations Betwean Marijtal Coping .
Resources and Social Support Variables »
(N = 333}
Marital Coping Resources
cia) Support - Supervisor . .07
cial Support - Coworker ' .07
Social Support - Wife, Friends, Relatives .65

Marital coping resources were not expected to correlate with the Firs.t
‘social support variables, and as expected, the correjations were
atistically non-significént. However, the rather close retationship

th the third social support variable involving the wife provided further |

dity evidence for the marijtal coping resources scale.
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b. Social Coping Resources: _
The Air Traffic Controller Questionnaire

Along with the marital coping scale, the ATCQ also con—
tained a measure of the social resources available to the
ATC to cope with any felt strain or stress on his job. Again
the hypothesis was that a strong soclal support system con-
gsisting of friends, coworkers, or relatives would be associ--
ated with less health change than a weaker support system.

Four items were used to assess the ATC'as perception of
his social coping resources. The first three asked: "If you
or your family were struck by a crisis or tragedy, how 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 from "none"” to "8 or more" to answer
these jtems. The last item asked: "How many people do you
consider close friends who live within an hour's drive of your
home?" The ATCs ~esp~nded on the same scale as for the first
three items. Based on the results of a pilot study and on
psychometric evidence presented in Section ITIRS5, these four
itema ware combined into a scale to measure the ATC's percep-
tion of his scocial coping resources.

Meaguroment Qualities of the Social Coping hesources Scale

Using the responses of 410 men who completed the ATCQ dur-
ing the intake examination, the internal consistency reliabil-
ity of the socizl coping rescurces scale was determined to be
.70, which is acceptable under measurement stendards. Based
on the responses of 383 men who completed the ATCQ on both
Rounds 1 and 2, the test-reteet relisbility was .63, which 1is
also acceptable. It was thus concluded that this scale had
a good degree of internal consistency and test-retest stability.

This scale wus not expected, conceptually or empirically,
to be reiated to the other scales on the ATCQ or to the indus-
trial psychological variables described in Section IIIB5. The
resulta of the correlational analyseis verified this expectation
in that none «of the correlations exceeded .20, It was thus
concluded thiat this scale was measuring this variable indepen-
dently of the other self-report measures.

In accordance with the work of Kasl and Cobb (1970), social
coping resources were expected to be related to certain persona- .
1ity characteristics. Since both the CPI and certain scales from
the MMPT (see Section ITIAJ) were administered during the intake

L
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visit, we were able tov correlate these scales with the social
coping rescurces scale. Sfocial coping resources were associa- }
ted with low MMPI measurements of depreasion, anxiety, and the I
tendency to admit symptors, and with a positive teéndency to 1
deny symptoms. These fiadings are in agreement with those of . : 'h
Kasl and Cobb. High soclal coping resources were also related.
to high sociability, social presence, and tolerance dimensions
on the CP1. Considering the meanings of the CPl scales, these
results are also supportive of the validity of our measurement
of social coping resources. It should be noted that all of
these correlations were in the .20's, indicating moderately
low relationships. ‘

As described above, three social support variables were
measured in Round 5. Table 15 contains the correlations between
the social coping regources scale and the three social support

measures. : 2
TABLE 16 L
Correlations Between Social Coping . o ' "E
Resources and Social Support Variables ‘ c ) 8
. ; i
(¥ = 387)
| ‘Social Coping Resources é
Social Support - Supervisor .20 | g
Socini Support -~ Coworkers .36‘ §5
Social Support - Wife, Friends, Relatives .24 J

Although all three values are statistically significant, tha
higher value for the social support by coworkers 1s in agreement L
with the emphasis in the social coping resources scale. 'The ;
other lower, but statistically significant, values are alaso upder-
standable since the social coping resources scale included friends,
relatives, and people ar work. These results provide further
evidence for the validity of the measurement of social coping i
resources in the ATCQ. ‘

S
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c. Bilographical Items As Possible Supperts

‘Household Composition

£ight-seven percent of the ATCs had children living with
them 2.3 average)}. In additicn, ag many as 142 had other
persons (not including spouse) living with them, such as rela-
tives, in-laws, or friends. We cnombined marital status and
other pecssons in the home to measure household composition
for the sample. Not unexpectedly, the larjest percentage of
ATCs (66%) lived with a wife and children, and no other persons
in the home. Seven percent lived alone, 4. lived with a wife
only, while 27 lived in a broken home wi:h their children.
Interestingly, 172 lived in what we called a complex home envir-
onment, which meant rhat the ATC was living with friends or
“others,” regardless of marital status. Finally, 32 were
iiving in "extended" home environments, which meant the pres~
ence of relativea or In-laws regardless of the ATC's marital
status.

Relationship With Children

Seventy percent of the ATCs i{n this study reported they had
taken thelr children somewhere during the week preceding admini-
stration of the ATC BQ. When asked if they had taken their chi d-
ren somewhere during the past month, only 6% responded that they
had not taken their children to an eating place,; the wmovies,
scme entertalnment or recreaticon, or to visit « friend.

Family Decision-Making

Two important areas measured in the ATC BQ were the manuer
in which family decisions were made and the agreement in faaily
goals between the ATC and his wife, Note that theae variabigse
were measured in terms of tha ATC's pavceptions; thus, they may
not accutataly assess the wife's perceptions end/or tle objec-
tive situation. Since the ATC ia the unit of gtudy, his per-
ceptiona were considered to be the important ones for their
possible impact on his haalth. )

The ATC's perception of family dacision-making was mea-
sured on the basis of nine major typrs of family decisions:
the husband's job choice, femily car, life ingurance purchase, _
vacation plans, house cholce, wife going to work, choice of -
doctor, food budget, and dalscipline of the children.

The ATC was asked whether the deciecion was made (1) by
the husband always, (2) by husband more than wife, (3) by
husband and wife exactly the same, (4) by wife more than hug-
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band, or {5) by wife always. Not surprisingly, theve were con-
siderable differences in the way the ATCs described the dif-
farent decision situacicons. The husband was more dominant in
making the decision on his job choice, the choice of a car, and
the purchase of life insurance. Husband and wife shared, in a
large percentage of households, decision-making on whexe 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 made often
by the wife: however, the percentage endorsement by the ATCs

on these items was not nearly as strong as for the first twe
sets of decisions. In fact, by summing across all nine items,
an overall index of family decision-making was derived. The
distribution of the ATCs' scores is clearly skewed such that
husband dominance in family dacision-making is more prevalent,
a finding in agreement with anecdotal and interview data from
the study.

Family Goals

The ATCs were asked to rank on a scale from one to ten
the importance they attached to ten different family 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 ATCs and theilr wives. The distribution of
these ascores indicated that 67% of the ATCs saw themselves
and their wives in fairly close agreement on family goals,
232 perceived moderate agreement, and 102 saw - disagreenent
on family goals.

Husband-Wife Relationships

“The final two items on the ATC ). o] denling with husband-wife
relationships inquired into the frequency with which the ATC
took his wife out, and his overall marital satisfaction.
Seventy-nine percent of the ATCa reportned thet they had takesn
their wife cutside the home socially at least once or more
during the week preceding their completion of the ATC BQ, and
the Hrercentage jumped to 962 when the reporting period was in-
creaged to a month. Eight-four percent reported they were
currently satiasfied with their marriage, 7% had ~ixed feolings,
and 93 expressed dissatisfaction.

In general, thesa descriptive results indicate that a
large proportion of the ATC group was satisfied with their mari-
tal situation at the time of entry into the astudy; however, a
proportion of the men indicated on all of the indicea a less
than satisfactory state of marriajze.

o
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The extent to which these various coping resources
among the study group relate to their health change is
discuszsed in Section V, Predictive Findings.

i
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5. Job~Related Characteristics

Among the possible predictors of health change that we
wished to test were a number of fob-related characteristics,
sore associlated specifically with the air traffic controller
occupation, and others ralevant to Jobs generally.

We wanted to explore whether or not healrh changes or
spacific 1illnesses were in any way related to differences
among the ATCs in such specific variables as:

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

1i. the affective disccafert preduced by their
work; .

iii. styles or ways of coping;
iv. attitudes toward the Faa;
V. competence on the job.

We alsc wanted to assera general and specific satisfac~
tions of the ATCs with their wurk, and we wantad to know how
they perceived the behavior of their leaders.

Our efforts to define characteristics and to find or
devisw methods of measuring them are reiated below, together
with the rasults of the measurements taken. The extent to
which differences in thene characteristics among the ATCa
vere related to health outcomes is discus.ed in Section v,
Predictive Findings. o
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1)

2)
3)
4)

SUMMARY

Specific ATC Variabies

The ATC Questionnaire, administered at all. 5 rounds measured pey-
chological and atcritudinal dimensions specific to the occupation,
~including 11 factors: Psychophysiological anxiety reaction, good
controller, coping-by-drinking, social coping resources, work
aveidance on bad days, subjective cost, bounceback-burnout, invest-
ment in work, tension diascherge rate, coping by physical activity, .
marital-coping-resource. Correlations with several standard per=
sonality inventoriea showed the following:

There was little overlap between the job-specific psycho-
logical characteristics and general personality traits
assessed by the CPI;

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

liigh social coping resources were associated with low de~
pression, low anxiety, high tendency to deny symptomsa;

Psychophysiological anxiety was poaitively correlated with
{FY hypochondriasis, depression, anxiety, and tendency

0 admit symptoms.

I:eﬁs in the ATCQ intended to measure satisfaction with management,

- with trainirg and with promotion policy revealed that tha ATCs were
cousiderably dissatisfied with all three,

. Nominations for competence by peers were not associlated with any

¢ unique psychological characteristics. Nominations for amicability

were related negatively to dominance and self-acceptance.
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a. Specific ATC Variables

During the first year of the ATC HCS, we realized that thera
were several psychological dimensions of being an air traffic con-
troller that could not be measured with standard, available psycho-
logical testa. For example, although the phenomenon of "burnout"
among ATCs had been reported to us many cimes by comtrollers and

FAA management, there wis no existing method for its meagurement,

and it had never been directly assessed. Similarly the capacity for
"bounceback" had been described to us as a controller's ability to
adapt quickly and easily between heavy and }ight workload. The
bounceback had keen described and discussed informally and clinically,
but no published assegsment procedure was available. Consequently,

we undertook the major taak 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 instrument was called the ATC Ques-
tionnaire. .

Investigators and psychological consultants for this study spent
many hours in atr traffic facilities familiarizing themselves with the
ATIC work enviromnment. Many group and individual conversations were
held with ATCs, supervisors, and YAA officials. A few AICs became
particularly interested in this work, and their advice and suggestions !
were extremely vValuable; particularly George Kerr and Ted Paolotti of :
the New York Air Route Traffic Contrel Center were instrumental fn this !
preliminary work. . ;

Development of A Priori Scales

T
After eight months of obsecrvations, discussion, and immersion {
in the AYC environment, the investigators held formul meetings to de- !
fine :he variables of salient interest., With the definitions and con-

structs in mind, the investigators then wrote mors than 1,000 questions.

Further refinements and the elimination of redundant items led to the
prelisinary selection of 206 items defining 18 differert constructs.

This original list of 206 items was compiled intc a questionnaire .
acd pilot tested in the Oakland, California, Alr Route Traffic Control 5
Center with 55 air truffic controllers.

The results in the pilot test were carefully analyred in accord~

. snce with geveral criteria (ses Apperdix 1), and 147 items were re-
-tained, These 147 items were administered to all 415 men in this study
population during the zntrance examination at Boston University Medical
enter. Another item analysis was performed. The second analysis
esulted in shortening the questionnaire to 95 items.
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The 95-1item questionnaire was administered at the remaining
four examinations. Two additiona) acales were devised and adminis-
tered beginning with the second examination. These scales were
concerned 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 assess 20 ATC-
specific job characteristics. 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 reliability was important as an indicstor
of how well the scale’'s items converged on a common construct. In-
ternal consistency is high when Lltéms overlap and are scmewhat re-
" dundant. On the other hand, when items are independent of one an-
other, there is low internal consistency. Coefficlent alpha (Nunnally,
1567, p. 193) was used to measure internal consistency. The results
shown in Table 17 indicate thut the internal consistency was rearon-
uble 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-
gider all of these scales eutirely adequate and therefore performed
another series of analyses and refinements. idowever, in spite of some
of the poor internal consistencies, a number of these A priordi scales
were consildered sufficiently inportant from the conceptusl and explana-
tory standpoint to be used for predictive purposes.

Another imporcant characteristic was the test-retest rellability
of the scales, referving te the stability of the measurement ¢Z che
constructs and the stabilicy ¢f the constructs themselves. With per-
fect measure~~nt, low to moderate stabllity would indicate that the
congtruct we4 - "state variable" with wide individual variation over
time, On the other hand, high stability over vepeated testing would
indicate that thas ¢tnstruct waas a trait of enduring substance. The
test~Yetest reliability was derived from scores on tha firat and

second administrations of these job~specific scales. The resules are
presented in Table 17. '

As shown in the Table, 13 of the 20 scales had a test-retest
stability of .34 or greater, indicating reasonsble long~term (9~month)
stability. Several of the scales with tha lowest internal consistency
had higher retest stability. Since internal conaiatency sets the
upper limit for the true reliabllity of assessment (Nunnally, 1967, -

+ 210), the scales with higher test-retest stabilicty than ioternal

conslstency Vere influenced by stable response modes rather than by
stable medsurement of the target construct.

Development Qf Job-Specific Prychological Factor Scales

Consequently, our dissstisfaction with the psychometric charac-
teristics of all 20 a prior scales led us to conduct.a nurber of
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TABLE 17

ATC Job-Specific Scales And Defiritions

Bounceback - four items. Internal consistency m .69 Stability = .49.

The four ltems composing this scale were devised to assess an ATC's
self-perceived abillity to cycle between heavy traffic and light (raffic
conditions at work. This construct represents a flexibility in coping
and adaptation to fluctuzting workload. The hypothesis was that low
bounceback ablilities were related to the development of psychological

- and physicatl illness, whereas a high level of bounceback was protective
and adaptive.

durnout = five items. Internal consistency = .68 Stability » .63.

This construct was conceptuallzed as the premature exhaustion of a
man's physlcal, cognitive, ond psychological resources leading to .
early retirement for medical and/or psychological reasons. It is
characterized by a loss of ability to control alrcraft in any biit the
easiest circumstances and a heightened sense of anx/ety and fear

- when called upon to do so. Due to the sensitivity of this issue, the

- Items were phrased projectively and impersonally rather than with first
person self-evaluations.

Thls construct referred to a man's emotional style while working. That
t Is, did the man feel he let slituations get to him, or could he pass them
ki of f and get on with the job of separating aircraft, ‘We expected an in-
verse relationship with burnout.

nvestment = eight items. Internal consistency = .68 Stabiftiey = .65,

Investment was conceptualized as a man's involvement with his Job ard
particularly, the strangth of his Identification with being an air

flc controller. n a sense the items were devised to assass how
mportant [t was for the ATC to be an ideallzed controllier of exceptional
tharacter and ability. This Intensity of involvement was expected to be
moderator variable in that those men with a high degres of investment
ut low coping and controlling abilitles would be mora susceptible to
salth chango than ATCs of simllar abllitles but with low investment.
fhslon Discharge Rate ~ eight ltems. Internal consistency = .82
bility = 67,

It construct referred to an ATC's falt ability to relax and unwind.

B Toughmindedness - six [tems. Interna}‘conslstency = .35 Stabllity = .60.

G A el e vt . b g e 1 AT i i
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Questions were phrased in terms of rate of tension release, It was

hypothesized that those who could release tensions quickly would be

less susceptible to heatth change than those who had difflculty dis-
charging tensions.

, Tension Discharge Mechanisms on Bad Days - six items. Internal Consistency =
.70 Stability = .57.

The items assessing this construct were a Ilst of possible means of
releasing tension during difficult days at work. Theoretically we were
consldering thls construct as an indication of tension release effective-
~ness. This conception of tension release effectiveness assumed that a
pérson who reports that no mechanlsm Is utllized on bad days must (a)

not be affected by bad days, or (b) discharge the tensions so rapidly

and effectivaly that the mechanism [s not recailed. On the other hand

& person who uses more mechanisms might (a) use less effective mechanisms,
and/or (b) have poor utillzation of the avallable mechanlsms. We
hypothesized that this variable would be Inversely related to health change.

Before Work Anxiety = six items. Internal consistency = _88 Stabillty = .59.

$Ix psychophysiolnglical symptoms were listed after an Introduction which
asked how often the ATC experlienced each of the symptoms before gofng to
work when the weather or alr traffic conditions were bad. Thils construct
was meant to assess anticipatory anxiety. |t was expected to have a
positive relationship with health change.

Duzlng Work Anxlety - seven ftems. fnternal consistency = .84 Stabllity =
.65 .

Seven more psychophysiologlcal symptoms were 1lsted. The ATCs were asked
i how often they axperienced each of them during difficult alr traffic

Jtuatlons. Again, a positive refationship with health change was hypo-
theslzed. . _

fter Work Anx!aty ~ six ltems. interral ronsistency = .81 Stabllity » .65,

kYot another six psychophysiolcglical symptoms were listed. The controllers
K were asked how of ten they experienced the symptoms after heing relleved
:from & long period of heavy trafflc, We hypothesized that all three
temporal types of anxlety would be related to each other as well as to
health chsnge. In sddition, we hypotheslzed that Indivicuals who did ngt
tonsistently report the symptoms across the threa time perlods may dlffer
In health change and/ar on-the-job physicloglical responsivity.

fublective Costs - elght Items. Internal consistency = .74 Stability = ,60.
ils scale was congerned with an ATC's subjective evaluation of how

h hie job took away from eight areas In his 1ife {such as famlly time,
bsocial 11fe, and 30 forth). In other words, how much did it “cost’ him

,,m(..._u-,
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to be an ATC? It was expected that those who felt higher levels of “cost't
would be more susceptible to health change than those who felt lower levels.

Shift Change Cost - ‘three [tems. Internal consistency = .47 Stability =
.36,

This short scale assessed the felt '"cost'' due to changing shift schedules.
ny men had complained that the rapid rotation of shifts interfered with
many aspects of their llives, including their sense of weil-being and social
membership. Again, we expected a positive correlation between shift change
costs' and health change.

Coping by Orinking - six items. !Internal consistency = .%7 Stability = .76.

‘We devised several coping scales. The coping~by-drinking scale assessed
-how often the ATC consumed alcoholic beverages in_order to unwind, relax,
or get rid of problems. The questions were phrased in terms of frequency
and puroose but not quantity. We hypothesized a positive relationship
with health change.

Loping by Fhysical Activities - four items. Internal consistency = .53
Stabiliy = .54,

:"Thls coping scale was concerned with the usage of physical activities
. (sports and active hobbies) for the purpose of relaxation, tension
release and the like. A negative relationship with health change was

'.‘j'ccplng by Outslde Activities - four items. Internal consistency = .28
-;stablllty = 5B,

‘obbles, anocher Job, and handyman tasks were the focus of thls scale.
-Once again, items were phrased in terms of frequency and purpose. A
negative relationship with health charqe was expected.

oping by Soclalizing - three items. Internal consistency = .38
tability = .59,

ese three ltems assessed the frequency of using soclal sltuations

group conversations, parties, and so on} for umwinding and relaxation.
negative relationship with health change was hypothesized.

ping Mechanism Effectiveness - three Items. Internal consistency = .15, '
tability = .42,

Is short scale was composed of three vverall sUmMary items inquiring
bout the effectiveness of the behaviors reported in the coplng scales,
negative rejationship wi th health change was expected,

v
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Marital Coping Resources - four items. Internal consistency = 7]
Stability = 69,

Four items were devised which specifically queried the ATC's perception
of marital support. it was hypotlesized that the perception of an inter-
ested, supportive spouse would be associated with less health change

than the perception of an uninterested, rejecting spouse.

Secigl Coping Resources - four Ttems. Internal consistency = ,70
Stabiiity = .63,

The number of friends, coworkers and relatives on whom the ATC could rely
for help or support were three {[tems on this scale. The last item
assessed the number of close friends Viving 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 hypothesis was that

a stronger social support system would Le assoclated with less healtn
change than a weaker social support system,

Anxiety Due to Incidents - six ltems. finternal consistency = .60
Stability = 44, h

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 lcnger to recover from their upset would be at higher risk fur
health change.

Anxiety Due to Training - six items. Interna} consistency = 74
Stabiliey = .4,

It was reported that giving on-the-job, live-traffic training was
particularly stressful. These six [tem; Inquired about how anxiety~
provoking certaln aspects of this experience were for the respondent,

E A positive relationship to heaith change was expected.
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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 racher than the total variance, thus exclud-
ing chance correlations between error variances (Harmon, 1960). The
squared multiple correlation between a given item and all others was
used as the initial communality estimate. After factoring, a rota-
tional method was applied to clarify the factor structure. Presented
in Table 18 are the results from a common factors solution with an
orthogonal {(Varimax) rotation since this was the most understandable
methodology. Other factoring methods and other rotational solutions
yielded the sam= results and therefore are not reported.

Description of Job-Specific Psychological Factors Content and Reli-
ability :

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 Kaiser's
(1960) and Cactell's (1966) criteria. They accounted for 89.4% of
- the common variance among the items. :

The item ldadings and the item content for each of these factors
is presented in Appendix I, Section III B 5. A brief discussion be-
low of each scale includes 1ts primary content in meaning and its
composition with respect te the a priori scales.

The psychophysicleogical anxiety reactlon facto. was composed
of 23 items with a high degree of both internel 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 context of
various ATC work situatjons, resulting in a factor that is completely
“job-specific.

The good controller facter was composed of 12 items, all of
which were phrased as positive self-evaluative statements with high
agreement indicating a higher level of their positive quality. Con-
sequently this factor may have represented a social desirability fac-
tor for ailr traffic contrcllers, i.e., the extent to which they res-
pond in a manner that wins approval. This factor was the only new
combination of fteme resulting from the factor analyezis. The a priori
scales were not highly related to it. . -

- The coping-by-drinking factor was very similar to the g priori
"drinking-to-cope” scale, with which it correlated .97. The factor

- analysis merely shortened the scale and slightly improved the reli-
- ability.




TABLE 18

ATC Specific Job-related Characteristics

- "NAME"

hysiological
ety Reactions

Lontrolter
g by Drinking
1 Coping Resources
Avoldance on Bad Days
ctive Cosis
ck = Burnout
nt
n Discharge Rate
A by Physical Activity

! Coping Resources

NUMBER

OF ITEMS

23

INTERNAL

CONSISTENCY

.92
.51
81
.70
Rl
.73
.80

.71

: §-HONTH
TEST-RETEST
STABILITY
74
46
.80
.63
.55
.58
.65
.64

.65
.60
.69
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' Social coping resources emerged from the factor analysis iden-
tical to the a priori social coping scale. The same four items were
involved; therefore the reliabilities remained as before. The a
priori secale definition remailned unchanged.

A new scale created by the factor analysis was named "work avoid-
ance on bad days.” The five ftems in this scale hud much in common
with the a priori scale called "tension discharge mechanisms” on bad
‘days.”" The content was slightly tightened by the factor analysla
yielding good internal consistency and nine-month stability. The de~
finition for this factor is easentially the same as it waa for the
a priori "tension discharge mechanisms on bad days."

Subjective cost alsc came out as a8 factor nearly identical to
an a priorl scale. Again the factor analysis merely tightened the
ftem structure, The definition for the subjective cost factor is
the same as for the a priori scale.

A bounceback-burnout factor was identiffed which was equally
split  between the a priori bounceback and the a priori burncut
scales, The new combined factor acale was composed of two burnout
itema and two bounceback items which together had very good inter-
nal consistency and quite reasonable stability over time. High
gcores on this scale were equivalent to having a high level of
bounceback and a minimal level of self-reported burncut, whereas a
low score corresponded to & high level of self-reported burnout and
low bounceback abilicies.

An 1nvesatment factor, identified by the facror analysis, was
also almost identical to the a priori factor of the same name. The
neaning and reliability of this factor were the same as for the a
priori scale.

Tenaion discharge rate waa a constiuct identified by both the
a priori analysis and factor analysis. The meaning and rel‘ability
atayed essentially the same for the factor-analyzed scale.

The coping~-by-physical activity factor also was very similar to
the a priori scale of the same name. One item was dropped and a new
one added &s a result of the factor analysis. The reliability fig-
ures were improved, but the meaning was the same. Men scoring high
on this factor would tend to participate in physical activities to
cope with tension and anxiety.

Pinally, Table 18 showed that the marital-coping-resource a
priori scale also was ldentified by the factoxr analysis. Tha same
four items were involved, and therafore the meaning and reliahili-
ties remained the same. '




it o 2

A e s s e e

1127

*

In summary, the scales resulting from the factor analysis were

equal or superior in psychometric characteristics to the a priori

scales. In addition, the tactor zcales were highly interpretable

since their content was so carefully described and highly related _

to-the a priori scales. Consequently, for most analyses presented " 0 :
- in this health change study, the factor-analyzed job-specific psy- o
_ 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 agency (for example, the g
effects of shift changes), we have used the corrvesponding a priori
gcale. However, the remaining descriptive results are applicable
only to the factor scales and by inference to their most closely
related a priori scales. :

Relationship of Jab~Specific Paychological Factors to General Job- v a .
Related Variables :

Since the 11 job-specific factor scales formed a core get of
he prediccor variables for health change, we considered it impor-
ytant to ascertain their validity to whatever extent was possible. . S
e used the device of assessing concurrent validity, i.e., correla- i g
ional relationships at a given point Iin time between two or more ’ : .
easures of related .onatricts. If the measures are intended to ' [ .
saess aspects of a common construct and Lf they heve significant : y
orrelations with one another, there is evidence of convergent val- C g
dity. If measures are intended to assess different constructs and i
ave very low correlations with one another, there is evidence of .
iscriminant validity. Our purpose in developing these factor scales P C
jas to assese job-specific psychological-characteristics rather than
jeneral psychological traits. Conseguently, we expected low magnitude
Borrelations with other scales that were more general in nature. L
fhe following scries of results documents a number of these correla-
Bve validities. Another validity of great importance is predictive
lidity, which is diacussed with other predictive findings in Sec-
: o1 v. .

¢ Table 1% presents the significant correlations between the job-
ecific psychological factors and certain standard industrial psy- .
plogy scales. A description of the standard industrisl psychology |
jiles is provided in Section III B. The main point of the results
sented in Table 19 is that all of the correlativns between the
y=specific factors acd the standard industrial scalen were low.

pe low correlations indicated that the 11 job-specific psychologi-
 factors were relatively independent of the standard published

jts of more general characteristics. '

L s e i N g

:'Specifically, sacisfaction with work was positively related to : '
jgood controller factor and the bounccback factor, indicating
L & controller felt more satin{ied with his work if he himaself
R he was a good controller and had good abilities to bounce back
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| TABLE 19 ' | i

Sianificant Correlations Between Job-s ecific 113 oot 3

jors and Standard Industrial Psychology Scales# : ‘ :i

(N = 392) o

. ’ . ’ '\.-

gob Description Index ‘ ' T ;$
. i

Satisfaction with Work . * fﬁ

1. Good Controfler 0.27 : _ . - E

2. Subjective Costs Factor -0.20 . !

3. Bounceback-burnout Factor 0.29 . ﬁ

Satlsfaction with Coworkers .. : : : : W

1. Psychophyslologlcal Anxiety factor-0.25 ' : z : E

2. Subjective Costs Factor ~0.20 o E

3. Bounceback-burnout Factor 0.20 : e

k., Tension Discharge Rate Factor 0.21 i 1

Satisfaction with Pay ! 4

No Signlflcant Correlations equal to or over 0.20 ; 5

nagh Life Attitude Profile ' : i
Individual Morale 2 i

1. Psychophysiological Anxlety Factor=9,42 } o B

2. Subjective Costs Factor ) =-0. 31 i ‘ﬁ

3. Bounceback-burnout Factor . 0.29 i -3

k. Tension Discharge Rate Factor 0.31 % ‘

Group Referenced Morale ? |

1. Psychophysiotogical Anxlety Factor-0.29 § el

2. Subjective Costs Factor =-0.27 [ ;

3. Tenslon Discharge Rate Factor 0.26 - 1 r

pr Behavior Description Questionnaire ] B
i '\_1
1. tnitlatlon of Structure ' ' o

No significant correlations equal! to or over 0.20 ’ g N

2. Consideration of Others © o
Psychophysiological Anxiety Factor =-0.22

3. TYolerance of Freedom o . D

Psychophysicloglca! Anxiety Factor -0.26

orrelations 2 .20, p«.00], are reported
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L

between high and low worklcad conditions. On the other hand, if he

felt that he was paying a large subjective cost in many areas of his o
11fe for being an air traffic controller, he tended to be less sat- »
isfied with his work. These correlation results were evidence for _ A
convergent validity of the good controller, subjective costs, aud . ;
bounceback~burnout job-specific psychological factors. : : o

‘the Kavanagh Life Attitude Profile provided two scales of in- : 'w
terest, individual (self-referenced) morale and group morale (one's : i
morale considering one's peer group issues). Several job-specific ‘
psychological characteristics had significant relationships to these
two general characteristics. Men with high individual morale tended
to report fewer psychophysiological anxiety symptoms and fewer sub-
jective costs as a consequence of being an alr traffic controller.
In addition, men with high individual morale also tended to report
higher bounceback and higher rate of tenaion 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 and subjective costs, and positively related to ten- g
sion discharge rates. Both of these findings with respect to the ' 1&
Kavanagh Life Attitude Profile scales provided additional evidence i
regarding the meaning of the job-specific scales and their convergent : 1
validicy. .

The Leader Behavior Description Questionnaire-required air traf- .
fic controllers to describe their immediste supervisers' behavior, ‘ il
Since they were describing someone else, one would expect low corre- o
lations with reports about themselves. In fact, Table 19 shows that ) a 'T
there were only two very low correlations between the job-specific
psychological scales and the Leader Behavior Description Questionnaire
scales. The only significant correlations were between anxiety and
a sypervisor's consideration of other people and a supervisor's tol-
erance of freedom. In both of these cases, high anxiety was associatad .
with descripiions of supervisors as having little consideration of !
other people and having low tolerance for workers' frmedom. These re-
sults from the Leader Behavior Description Queationnaire provided
evidence of discriminant validity as praviously discussed. :

Relationship of .')b-Specific Psycholsgical Factors to General Person-
ality Traits

Originally, we believed that thera were ATC paychological charac— 1
teristics which were not appropriately assessed by widely-used person~
ality tests. As we demonstrated, this was certainly true for job-

_ ralated attitudes such as work satisfaction, co-worker satisfaccion,
;. and 8o forth. The next series of results presents data on the zela-
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‘tionship between the California Psychological Inventory (CPL) scales,
several Minnesota Multiphasic Personality Inventory (MMPI) scales,
and the job-specific psychological factors.

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

Table 20 displays correlations between the CPI personality traits
and the job~speciflc psychological factors. Only these correlations
of .20 or greater, p <.00l, are reported. The two additional anxiety -
scales (unxiety caused by training or by incidents) are included since ¥ ”
they were not part of the factor analysis. 'As can be seen in Table
20, most of the correlations were in the expected direction.

The CPI traits are scaled such that more of a "desirable" trait
is reflected by a higher score (Megargee, 1972). The job-specific
paychological factors are scaled such that a higher score represents : i
more of the ATC characteristic. Some ATC paychological characteris- o
tics were considered to be negative or undesirable from a theoretical i J
standpoint inesmuch as they would be risk factorn for illness (e.g., .
the anxiety factor). Other AIC psychological! factors rapresented ; !
characteristics that we falt were protective from illness (e.g.,
bounceback). Thus, for example, the positive correlations of the CPI
¥ell-Being scale with marital coping resvurces, bounceback and ten. ‘on !
discharge rate were in the expected direction (all low. but positive).

Similarly, the negative correlations of the CPI Well-Baing scale with ) - M
the anxiety, coping by work avoildance, subjective costs, anxiety caused
by incidents, and anxiety caused by training also were in the expected
dicection {negative and low).

L e whaarg,

Although they were in the expected direction, the correlations
between the job~specific paychological factors and CPI personality
traits were all very moderate in magnitude. Our decision to devise
ATC job-gpecific 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
Leither attempting to make themselves look worse nor better than they :
really vere when answering the job-specific psychological items. The ; )
low correlations between the (Pl Well-Being scale and the 11 factors
and 2 additional anxiety scales, and the very low correlation between
tha CPI Good Impression scale and the job-specific factors mnd anxiety
scales provide some evidence tha. they were not 'faking." Finally,
there was no evidence whatscever of any tendencies for random answer-
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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," "faking
bad,” or random anewering.

The subjects in this study also completed the Jenkins Activity
Survey (JAS) on their second visitr to BUMC (see Section III B 3) and
several short MMPL scales on their third wvigit /{see Section IT1 B 3).
The results from the JAS and the MMPI scales are p esented in Table
21. There were few and very low significant corre. ations between the
JAS personality dimensions and the ATC job-specific ;eychological
characteristics. The results indicated that the job-specific psycho-
logical charactaristics were not particulavly associated with the
four wain dimensions of the coronary-prone behavier pattern (Jenkina,
1972). However, there were a number of correlations between the job-
specific pesychological characteristics and those asgessed by the short
eI scales.

High social coping resources were associated with low depression,
low anxiety, low tendency to admit gymptoms, and high tendency to deny
symptoms. These findings were reasonable and expected since they con-
firmed the data and findings of Kasl and Cobb et al. (1970).

The psychophysiological anxiety factor was positively correlatad
wvith the MMPI hypochondriasis, deprussion, anxiety, and tendency to
admit symptom scsleas, but it was negatively assoclated with the denial
of symptoms index. Thus although the psychophysiological anxiety symp-
toms were specifically related to ATC work situations, these data sug~
gested that these symptoms also were related to more generic and psy-
chological traits.

Other job-specific psychological scales with a number of moderate
MMPI correlates were subjective costs, bounceback, teasion discharge
rate, and anxiety due to irzidents. High scores on the subjective
cout and anxiety caused by incidents scales seem tc be mnre related
to general psychological traits since they had moderate, poasitive cor-
relitions with the psychopathclogical characterfstica in the MMPI
scales. On the othear hand, high scores on bounceback and tenaion dis-
charge rates wera more indicative of healthy psychological functioning,

since they had negativae, though moderate, correlations with the MMPI
scales. '

Attitudes Toward the FAA

After we had completed the futake examinations, wa received con~
siderabie feedback from the study participant:, vhat there were gaps
in the coverage of ATC job attitudow by the Joh Description Indax (JDI)
scales (gsea Section III B 5). This ia & fairly comton phenomenon in
asttitude research and measuremsnc in organizatioans 2inca genersl scalen
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from previous research studies can never capture all of the specific
elements of the job of the reapondents in any given study. Specific
areas indicated as missing were attitudes toward management, train-
ing, and promotions. Based on interviews and informal discussions
with the ATCs, the ATC HCS team developed items to measure satisfac-
tion with management (7 items}, satisfaction with promecion 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
was used to ildentify a problem area., This "rule~cf-thumb” is well
accepted in the industrial psychelogical literature; the complete
rationale 1s discusised in Section III B 5, The threshold eriterion
of 20%7-25% dissacisfaction can be used to Interpret the three job-
specific attitude dimensions: Satisfaction with Management, Satis-
Faction with Training, and Satisfaction with Promotion Policy.
However, since thesa scales were not based on previocus literature,
examingtion of item response distributions is appropriate. Tables
23-25 contain the percentage oi agreement with the irems which re-
present discatisfaction in the three scales.

The congistent, negative results on the {tems concerned with
management and management policy in Table 23 would indicate that this
is a significent area of dissatisfaction for controllers. This find-
ing is consistent with the results found on the Grcup Morale scale
in Section III B 5 below. This dissatisfactien is perhaps revealed
most gucclnctly in responses to the following single item: “The
greateat problems I face in doing wmy job well are due to FAA policies

and not the work itself.,” Responses to thie item indicated that 6iX
of the ATCy agreed.

As tha final two scales, Satisfaction with Training and Satis-
faction with Praomotion Policy, alsc represented aspects of management
policy, the negative attitudes indicated by the large percentages in
Tablea 24 and 25 were consiagtent. It was moat interesting to note
that the one item showing a relatively lower negative percentage (28%),
"One loses the respect of peerp when promoted," did not invelve man-
agement policy, and, in fact, was closer (o what has been dafined be-
low in Section II1 5 as Individual Satislaction.

However, it was clear from the results that a ‘Rubstantial number
of ATCs wers quite dimsatisfied with mcnagement, training and promo-
tion policies. These results were 2riticized by the FAA after an
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TABLE 22
Internal Consistency And Test-Retest Rellabilities of
Satisfaction With FAA Pallicies Scales

- Internal Consistency Test-Retest :

Scale Reliabillty Coefficient® Reliabiiity Coefficient®*
Satisfaction with .65 .70

Managemant

Satlsfaction with .53 .64

Tralning -
$Satisfaction with .72 .67

Promotion

ased on Round 2 data, N = 392

Based on Round 2 ~ Round 3 data, N = 352, with an average
testrretest period of nine months.
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TABLE 23
Responses to Satisfaction with Management Scale k
7 ltems, Round 2
(N = 332)
CUMULATIVE FREQUENCY .
oF AGREE (LOHPLETELY
MODERATELY OR SOMEUHAT)
A does not reward consistently good performance. 85%
zility reluctance to use OT results in dangerous 632
understaffl. -
Hggest problems are FAA policies, not the jot itself. 61% i
H‘more concerned with hardware than helping peopie ’ 60% .
do their jaob. 3
ifontroi lers' welfare fs oo Iow on the facility LB% :
chief's prlorit:es._ :
hington, OC pollicies hinder racillity chief's Lig §
ability to help ATCs. E
I1ity reluctance to use OT seriously dtsrupts 29% ?

personal life.
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TABLE 24

Responses to Satisfaction with Training Policy Scale *

3 ltems, Round 2

(N = 392} -
CUMULATIVE FREQUENCY
OF AGREE (COMPLETELY,
MODERATELY OR SOMEWHAT
L too easy now to become fully qualified. 75%
ality of tralnees is too low. ' 742
ing should not be done with live traffic. 56%

S




TABLE 25

Responses t> Sacisfaction with Promotion Policy Scale

5 ltems, Round 2
(N = 392)

formance counts very little for promotions.

rd for controlling well is recognition
other AT(s.

nt only responds to the quality of woark
something goes wrong.

on to supervisor means becoming & "'yas-man'.

es the respect of peers when promoted,

CUMULATIVE FREQUENCY
OF AGREE (COMPLETELY,
MODERATELY OR SOMEWHAT)

913
73%

70%

523
28%

L
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interim report because of potential response blas. Most of the itens,
it was argued, were phrased negatively, inducing a high negative res-
ponse. T

As a resule of this criticism, it was decided to check this po-
tential bias during Round 5 data collection. All items from Round 2
vere retained verbatim within the same questionnaire. A new gquestion~
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 sc that agrecment would indjcat2 gatisfaction 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 with helping people do their job," was
reworded, "The FAA is m.e concerned with helping people do their
job than improving hardware."” Finally, in order to minimize memory
effects, the two questionnaires were administered at separate sit-
tings, one in the morning and one in the afterncon, and the order of
presentaticn was counterbalanced.

The results from Round 5, in terms of percent dissatisfied for : )

-efich item by attitude area, are presented i Tables 26~28. These

results did not support the contention that negatively-stated items :
biased the responses toward & high degree of dissatisfaction. There 5
were no significant decrcases ir dissatisfaction with management

(Table 26) when the items were stated positively. In fact, as in~-

dicated in the table, two items showed significant increases in dis- :
satisfaction when the meaning was reversed. H

The situation iz the same when Satisfaction with Training re- i
sults are examined (Table 27). Although two of the three items
showed slight decreases, the percent of dissatisfaction was still so
high as to make the small changes negligible for practical purposes,

The Satisfaction with Promotion Policy results wers somewhat
different in that four of the five showed changes in the direction
of greater satisfaction. However, the levéels of dissatisfaction on
the items reversed in wording were still seriocusly 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 as a controller is an im- *
portant consideration when promotions are made (reversal).

(2) One of the problems of being promoted to superviscr is that %
you become a 'yes-man" for management (original).

Pos Ly T Y ann i U~ - i ik




TABLE 26

Responses to_Satisfaction with Hanagement Scales
(Round 5, N = 387)

PERCENT DISSATISFIED

ORIGINAL REVERSE
WORD I NG WORDI NG
hore concerned with hardware the:, helping _ 493 62%*
people do their job.
St problems are FAA policies, not thas Jjob 58% 59%
itself
ity reluctance to use OF seriously . 24% 59%
disrupts personai 1ife :
ity reluctance to use OT resul ts 69% 652
In dangerous understaffing. .
es not reward consistently good 813 832
performance. :
ngton, OC policles hinder facility 36% 623w
thief's abliity to help ATCs _
ollers' welfare is too low on the k3% Lg%
facility chief's prior!tigs, 4

!gnlflcant increass In dissatisfaction.
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TABLE 27

Responses to Satisfaction with Training Policy Scale

(Round 5, N = 387)

PERCENT DISSATISFIED

ORIGINAL REVERSE

. WORDING WORD I NG
: should not be done with live traffic. 52% 572
of trainees is too low. Bex 77%
‘easy now to become fuily qualified. _ | rAE S 65%




ficant change

Kontent Inadvertently changed - see discussion in text.

. TABLE 28
127
Resconses to Satisfaction with Promotion
(Round 5, N = 387)
Percent Dissatisfied
Original Reverse
Wording Wording
erformance counts very tittle |2
ipromot ion 79% bog '
ption to supervisor means becoming 2
~man*' 562 383
ez
loses the respect of peers :
romoted 39% - 34%
eward for controlling weli is
ition from other ATCs 763% 6242
nt only responds to the quallity
k when something goes wrong 67% 7%
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An ATC's attitude toward controllers becomes much worse
when he is promoted to supervisor (raversal).

(3) About the only reward for controliing well is the recog-
nition other controllers give you (original).

Exceptional controller performance results in recognition
from supervisors that helps in getting promoted (reverasl).

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 questions that are
very similarly worded and that appear to be repetitive, we attempted
to change the wording so the questions would not be recognized from

the previous sitting. Although the other job-specific items were easy

to change and reverse, it was particularly difficult to change and
reverse these three irtems. Thus, increase in satisfaction may well
have been more due to pegantic subtleties In the items than to the
reversal itgelf. However, even though the 791 of the ATCs who be-
liaved that "jcb performance councs very little for promotion" de-
creased to 40% who disagread with the statement that "excellent per-

formance as a centroller 1s an important consideration when promotions

are parde,' that proportion of dissatisflied ATCs was considerably
greater than the 20%-25X criterion, 1ndicating a problem in the area
of promotions policy.

A comparison of Round 2 data with Round 5 data in terms of pec-
cent dipsatisfaction revealed a high degree of stability over time.
0f course, different men may have been dissatisfied at Round 2 thuan
at Round 5, but of the 15 items, only 4 showed shifts greater than
10%. These results may indicate that the ATC's attitudes in these
Job dimensions are not aasily changed. It might alsc indicate that
many ATCS accept these negative feelings about management, training
and promotion much as other workers accept high noise levels or poor
illumination as "part of the job," If this 1s true, one would expect
these attitude responses to have little ability to predict health

‘change. Results of analyses of their predictability are noted in

Section V.

In conclusion, reversing the item wording had little impact on
the extent of satisfaction revealed. The only significent changes
appeared to bes more a consequence of changed item meanings than res-
ponse bias, The regpouses of our study group at Round 5 indicated
that ATCs were considerably dissatisfied with management policy,

training and promotion policy, the same conclusion reached from Round
2 data.
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‘Peer Nominations for Competence

In our discussions with the FAA adminiscrators and air eraffic
controllers, we often were presented with statements that competeat
controllers might be affected less by the pressures cof their job.

Other less competent men, it was suggested, struggled morée and were
strained more by their job. These suggzstions were based on many years
of involvement with the air traffic system and therefore were consid-
ered with great care.

Our visits to air traffic facilities and continued obhservation
suggested that these ideas had considerable merit. It was not diffi-
cult vo find anecdotul evidence that supported the idea that compe-
tence could moderate the effects of worklecad and possibly influence
the effects of air traffic control work on health. Other observational
evidence also suggested that competfence had a more direct effect on
health. Thus, we considered it relevant to find the best method of
asgsessing the competence of the individual. ATCs.

Alternative Techniques for Assessing ATC Competence

. number of techniques were available for assesaing ccmpetence.
These included (1) supervisor ratings from annual performance svalua-
tions, (2) semi-snnual task performance profile ratings, (3) expert-
observer ratings of all AiUCs, (4) peer ratings of all ATCs, (5) self-
ratings, (6) peer group nomninations of the most competamt. All of
the techniques were feasible, but ench had drawbacks as well.

- Supervisor ratings are a means of evaluating job performance and
merit in the FAA. Although this established use of supervisor ratings
would have given them a special relevance, theilr use also presented
problems: wneither the ATCa nor the superviscra felt the annual per-
formance evaluations were an appropriate measure of competence. Thelr
comments indicated that these evaluations had changed from a perfor-
mance to a compensation orientation as i{s common in most companies.
Consequently they felt that these evaluationa would yileld akewed dis-
tributions with neaxrly everyone being rated at the competent end in
order to lnsure annual step-in-grade raises, Thus, suparvisor ratings
were eliminated as useful measures of competence hecause of inadequate
discrimination between individuals.

Semi-annual task performance profile ratings also are conducted
within the air traffic contrcl syatem. Thege ratings are made by
supervisors using a rating and task definition system that is quite
comprehengive (System Development Corporation, 1972). However, the
developers of this system noted that it was not spplicable for studies
acropy different air craffic facility envircomenis. Further, this
aysten iz an "official" system, and consequently, thera ware poten=~
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tially serious political problems assoclated with its use for re-
search. Therefore, we eliminated this method of competence rating
from consideration.

i Global expert-observer ratings could have been used. We could

! have trained ex-ATCs or supervisors, for example, to rate the ATICs

i in the study using scales such as those of Milne and Colmen (1972).
However, a major problem wich this method was that a standard series
of work situations wes not available and such a series would be
pecessary 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 have avoided the problem of lengthy,
in-depth observations because men would know each other's performance
bagsed 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 ratinga. 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, 19A7). A pro~
bable reascn for this inaccuracy of self-ratings is that they are
influenced by gelf-egteem. Qther reasons included the lack of com-
parable standards between individuals, the extremely skewed diatri-
bution thar could be expected, and the general lack of acceptability
of such ratings by either the sponsors or participants in the research.

Peer group nominations (sociometric nominations), the remaining
alternative, are a form of veer group rating. Individvals nominate
or rank their peers in terms of varying characteriatics, such as com~
petence, ‘A givon person's "score" in this type of syastem is the
average rank order or the number of nominations received from one's
‘peers. Our subjects informed us that they thought that such 2 sys-
tem would he fair, practical, and valid as long as every individual
.did not have to be rated. That 1s, our subjecta thought it wouid

be sll right to. say who was '"good" but not who was "bad." They did
not want to rank-order all relevant iIndividualie (e.g., end up plac~
ing someone at the-bottom of a list) nor did they want to assign a
ating to all individuals (because then someona would end up with
tha lowest average). :

To alleviate these feasibility problems, we arrived at a com-
ronise solution. The Socliomerric Peer Raring Questionnaire (SPRQ)
ag devised so that each subject nominatea only three other subjects
" for each of three questions. A given person 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 faci ljties, all volunteers from the facllity
would be on each person's list. For men from larger facilities,

each person's list included only men from his owu work team and
"gister" teaws (sister teams work the sama shifts). Every man had
more than three other persons' names on his list, and ;gerefore. no
one was put in the position of ranking or rating everyone. This pro-
cedure was accepiable to our subjects.

Since the SPRQ seemed to be the most feasible ingtrument and

method for assessing ATC compctence, we Investigated previous research

on soclometric ratings. Evidence in the sclentific litarature for
the general validity, reliability, and relevance to health of peer

ratings 1s discussed in Appendix 1, under Section III B 5: Background.

Avajlable literature, in summary, confirmed that peer nomirations

could be expected to have a strong relationship to actval 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. Pricr to the first
man's visit in February 1974, lists of potential participants in the
study were drawn up for use with the sociometric questionnaire.
Originally these lists contained the 547 names of those aligible
for the study on the basis of a stratified random sampling. By

January, 1974, 458 men had elther volunteered to participate or were
undecided.

The !ists used for the scciometric nominations were designed to
include only active journeyman controilers who had indicated that
they ware going to participate. Of the 458 men, 1l were undecided,
and hence were excluded from the lists (these 1l eventually did
volunteec}. Another three were on specialized noan-controlling
asgignments, and since our lists included only men wo-king on func-
tioning controllaer tecams, these three were excluded from tha lists,

Cunsequantly, the list for the first series of examinations {n-
cluded 444 men.

By the end of the first series of examinatioms in September,
1974, 435 ren had gligned informed consent forms certifying their
decision to participate in the atudy. Twenty~three of the 458
had changed thcir deciasion to participate and/or finally decided
not to participete. In addition, 19 men became ineligible to
perticipata becausa they had been promoted, transferred or medi-
cally disqualified wicthin the FAA. Cousequently we gaw only 416
wen in the firat saries. Ot the 416 men, two refused to complete
the soclometric questionnaire. Hernce, 414 men made the nomins-
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8 ons cn the first round. During subsequent administrations of
he SPRQ, there were fewer subjects becsuse additionzl indivi-
Jjuals became ineligible for the atudy.

On the SPRY questionnaire a man was presented with three
estions, First, i1f all assignments were changed to corres-
ond to his preferences, what three ATCs would he most like to
otk with (ideal tesm nominatlions). Second, without consider-
g technical ability, with what three ATCs would he find it
alest to work (amicability nominations)? Third, without con-
deriha how easy it was for him to work with someone, who did
¢ belleve were the best controllers from a technical stand-
pint (competence nominations)?

- We provided each respondent with a list of names of men

4 the study. Each man's 1list included his own team members

pd those of the two sister crews with which his team regularly
prked. In this way we limited the choices to persons with

om they would be familiar and who were in the study.

Each question was presented geparately by the computer

ong with the appropriate list of names. The ATC typed in

¢ {dentiffication numbers of the three persons he chose o

t the criteria of the queations, and further, the subject
idicated if each of his selections was on his own team. After
gceiving the answers to one question, the computer displayed
he next question. Checking routines were bujlt into question-
pire programs to preclude invalild answers (such as trying to
gt the same person three times for one question).

The nomination lists were updated at the beginning of cach
pries of examinations (rounds) but were not modified once a
ries started. This procedure was followed to ensure that all
es were presented to the same (and appropriate} pacple for
fghe same amount of time. If a subject changed teams during a
ories, the list on which his name appeared was not modified.
Mather, that subject would be given a new list of names from
ich to make his choices, but his own name would stay on the

fd list until the next series of examinations. Tha names of
Bubiects who had dropped from the study between rounds were
fetained on tha 1ist until the next round, so that they could
e ncainated after lesving the study, but cculd not participate
o nomiaating others,

errelutionshio of Choices

Before accepting the Sociomerric Peer Rating Scale and the
Jrocedures we had davised es reliable and valld indicators of
ghs variable we wished to nmeasure, l.e., cowpetence of the indi-
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vidual ATC, we carried out a number of teats to determine whetlier
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 messured by the questionnaire were stable
over time. Details of these tests and their results are included
in Appendix I, Section IIIB5: Background. The tests that we made
persuaded us that no adjustment of the raw scores was necessary.
Further, we were reassured by the test-reteat reliability coeffi-
clients generated over two successive intervals that the peer
ratings were reasonably stable, We were primarily interested

in cbtaining 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 1a easy to work with?).
The intent of this procedures was to reduce 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 in the table are
highly significant (p < .00l). A most important finding, however,
was that emicability was distinguished from competence (gsharing
36% of ite variaone) and was most highly related tc whom an AT
would put on hig fdeal team, Thus the competence ratings were
not simply "nice guys" ratings; however, clearly a uumber of the
AICs nominated as competent were also "nice guys."

Relationghip to Other Psychological Characteristics

Pearson produzt moment correlations between the three main
ascores of the SPRQ and other paychological scales were generally
very small in magnitude (the highest was ,15). This result was
not unugsual for sociometric ratinga (Korman, 1968), but it could
have been due to several factors such as non-normal distributions
or curviiinear relationships. Consequently we conducted one-way
analyses of variance using ordinal categorfes of SPRQ scores as
the independent variables and other psychological scales as the
dependent variables. .

Table 30 shows the significant analysis of variance results
for idaal team nomination categories; Table 31 showa the signifi-
cant reaults acrosc the amicability nomination categories; and
Table 32 gives thé sama results for the competence nomination
categories. Although more than 40 psychologlical characteristics
wera examined for each type of nomination, few uniqua character-
istics were asscciated with how often one was chosen by one's
peers.

The results shown in Tabie 30 indicate that those men who
reported fewer anxiety symptoms and tension discharge mechanisms
were nomingted to the ideal team significantly more cften than
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TABLE 29

Correlations Hetween
Types of Sociometric Nominations

(N = Lo7)
ideat Amicability Competence
1.00
.86 1.00
-80 .62 1.00

e e

EES T E N



TABLE 30 135

Analysis of Variance Results

for ideal Team Nominations

Number of Times Nominated for the ldeal Team

ychological
riable O I 2-3 L-5 7+
xlety before
rk Mean | 50.5 |51.3 h8.7 51.9 46.9 F=2.70 n
. s.0.] 9.9 ]10.9 3.5 . 6.5 p < .03 v @
N.] 64 72 127 88 42
ring work
jety Mean | 51.5 |5t1.8 48.4 51.0 47.6 F = 2.64
: s.D.110.8 16.3 9.4 10.1 8.4 p = .04
Nj 64 72 127 88 42
Bter work .
ety : Mean | 53.0 50.9 48.9 4g.5 L8.3 F=2,28
s.0.410.8 10.0 10.0 9.5 9.4 P < .06
N &4 72 127 88 42
ion Discharge ‘
ichanisms on Bad :
Bys ' Mean | 53.2 151.3 49.4 48.9 48.4 F = 2.60 :
$.0.[10.9 {10.9 10.4 9.0 7.2 P e O :
N,l 6l 72 127 88 42 ’
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TABLE 31 i

o

Analysis of Varjance Results for N

Amicability (Ease of Working With) Nominations

Number of Times Nominated as
_Lasy to Work With
0 ] 2-3 4-g 7+

ubjective ;
osts {Visit 1} Mean | 52.1 | 52.6 k9.7 | 47.9 51.0 F =294 i
s.0.110.51 8.6 {10.4 | 10.6 7.9 p< .02 ;
56 17 132 87 4]
47.7 149.7 149.3 | s2.5 | 49.3 F=222
10.0 [ 10.9 9.7 3.6 9.4 p= .06
56 77 132 | 87 n i

158.5156.0 |57.6 | 53.9 | s53.6 F=2.39
12.2112.3 {11.1 12.0 12.4 p =< .05 ’
79 |95 | 92 by
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TABLE 32 N
Analysis of Variance Results
for Competence Nominartions
sychological Nunber of Times Nominated '
as Most C_ompetent
0 | ] 2-3 | 4~f 7+ .
uring Work Mean 51.8 | 50.8 | 49.7 | 50.1 h6.6 F = 2.47
S.D. 10.9 9.5 16.5 9.8 7.4 p <« .04
N 84 7 100 80 54
v @
ension Dis~ Mean 53.7 |52.0 | 48.4 ) 50.3 ] 47.9 F =41
harge Mechan-  §5.0D. 10.5 | 10.0 | 10.0 |10, 8.0 P < .003
sms on Bad Days N 84 100 BO . 55
utside Acti~  Mean 52.4 {49.2 {50.5 | 49.6 | 47.3 F = 2.46 J
fities to Cope S.D.° 10.7 110.3 8.5 | 10.1 9.9 p < .05
N a8k 75 100 8¢ ch
Toughminded- Mean 7.6 |50.2 [ 51.9 | 48.8 ;51.8 F = 2.85
S.0. 10.3 1.2 10.1 9.7 7.6 p < .02
. —%
Mean 1 47.0 |49.2 | 51.6 | 50.6 |51.0 F = 2.84
<.D 9.7 10.3 9.9 9.6 10.4 p -~ .02 ;
- N 8 | 75" |10 | 8o | su :
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those fien who reported a higher nuzber of anxiety symptoms.

Although there was a high correlation (.86) between nominations

for an ideal feam and for being easy to work with (amicability),

a2 different set of 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

- soclal resources than those who were never pnominated for this
attribute.

Perhapa the most Interesting result was the finding tnat
the amicability nominatlons were related to the traits of domi-
nance and self-scceptance as measured by the California Psychol-
ogical Inventory. The people who were never nomiuated as belng
easy to work with scored the highest on dominance and self-
acceptance while thosz who were nominated most often for this
characteristic scored significantly lower on these two traits.
It appears that wore dominant, self~accepting controllers are
not particularly easy to work with.

Finally, the results for competence nominatious are present— J
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 community and unicn activities, and having greater

toughmindedness and more job investment than those who were
nominated only once or never.
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SUMMARY

GCeneral Job-Related Variables

Three sets of scales were used to assess the ATCs' general atti-
tudes toward their jobs and work: the Job Description Iaventory
(JDI), the Kavanagh Life Attitude Profile (KLAP) and the Leader
Behavier Description Questicnaaice - Form XIT (L3DQ).

Of five scales of the JDI, the three used were: Jatisfaction with
Pay, Satigfaction with Co-workers and Satisfaction with Work 1t~
self. The KLPA's two scales, Group Morale and Individual Satistac-
tion, were used as measures of overall satisfaction. Certain super-
visory behaviors, as gseen by the AICs, were reported and measured
in terms of frequency on the LBDQ. The supervisory dimensions mes~
sured were: Initiation of Structure (I5), 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 te be aver~
age when compared te a normative sample of other workers stratified
by socic-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 towards work, co-workers and pay were quite low.

" The three supervisory behavior qualities Hépe noted less frequently
among ATC superviscrs than among comparison supervisors.,

The KLAP revealed that 427 of the ATCs felt “so-so" in general
about their jobs. Differences in responses betwezn the Group Morale
and Individual Satisfaction scales supported a conclusion that the
major scurces of dissatisfaction were note in the ATCs' work itself,
but rather in the work enviromment.
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b. General Job-Related Variables

- 1n addition to our decision to explore psychological and
titudinal dimensicns particular to the air traffic control-
ng occupation because of thelr potemtial impact on health
tcomes of the men, a reading of the industrial psychology
terature persuaded us that we should also investigate more
eneral work and job satisfactions as possible wmodifiers, if
t generators, of health change.

A number of studies suggested that satisfaction or dis-
tisfaction with work were related to health (Antonousky, 1968;
plan, 1971, Kasl and Coff, 1970; Fremnch and Caplan, 1970;
iedman, Rosenman «nd Carroll, 1957; Groen and Drory, 1967;
ouse, 1972; Jenkins, 1971; Kornhauser, 1965; Maaora and
ustelin, 1969; Quinn, Staines and McCullough, 1%74; Russek,
959; Sales, 1969; Sales and House 1971; Wolf, 1971; Weintraub,
974; Palmore, 1969; Beret, 1972). However, as none of the
evious studies were longitudinal in nature, it was not pos-
ible to determine what assoclative, modifying or possibly
irausal role was played by the work attitude factor, nor were

he findings consistent in relating work satisfaction to types
{ illnesa.

The curreut study provided an opportunity to determine
ighether or not general Job satisfactions were related to changes
n health, and whether deterioration in attitudes toward work

pteceded or were concurrent with health changes.

While it was necessary {0 devise an instrument .to assess

imensions particular te the ailr trafflec control occupation
preceding section), the more genersi attitudes toward work and
obs (regardless of the specific nature of the work) could be
sessed by existing industrial psychological scales which
rovided, at the same time, normative scores from other popu-
stions so that we could compare job attitudes of ATCs with
hogse of males in a diverse group of other industries.

-We selected three sets of scales to assess general job
ttitudes or percepticus. The Job Description Invemtory {Smith,
endall and Hulin, 1969), the Kavanagh Life Attitude Profile
Kavanagh, MacKinney and Wolins, 1971), and the Leader Behavior
eacription Questionnaire - Form XII (Stogdill, 1963).

e Job Description Inventory (JIDI)

Because of its extensive use, and availability of norm
ta, the JDI was & useful instrument for comparisons of job
atisfactiona betweon the ATC group and othar populations. In
ition, it had strong psychometric properties to reccamend
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t (Smith et al,, 1969).

Of the flve scales coutained in the JDI - satisfaction with
supervision, with promotions, with pay, with co-workers and with
ork itself -~ we used only the last three named. The satisfaction
'with supervisors scale was omitted because another more compre-
hensive measure of supervisory behavior was used. The satisfac-
ion with promotions scale was omitted because this dimension

as included in the ATC Questionnaire and was directed specifically
to FAA promotion policy. The scale relating to pay was shortened
from nine to five items to reduce overlap with another scale and

0 eliminate items inappropriate to the ATCs.

The Kavanagh Life Attitude Profile (KLAP)

In addition to the measurement of satisfaction with specific
-agpects 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
lobal measure of satisfaction, it was thought, might well relate
differently to health change than would the measures of satisfaction
ith specific aspects of the job,

The KLAP scale (Kavanagh, st &l., 1571} was chosen as the
global measure of job satisfaction. The instrument contains two
overall satisfaction scales -~ group morale and individual satis-
faction with 10 and 8 items, respectively. These scales differ

from other job satisfaction scales in that the items, individually,
.measure varlous aspects of the job, but are gummed to derive indices
-of overall individual satisfaction and group morale.

The KLAP scales differ from other job satisfaction scales also
with respect to reference. Most scale development 13 based on fac-
tor anelysis of responses to job attitude items, with the resulting
pcales, or factors, comprised of items similar in their reference

to a given aspect of the job. For example, the JDI Work scale coa-

- talns items whose common reference is the work the person is doipg.
.The two KLAP scales were based on a different developmental analysis,
, one that clustered agreement gmong people (not items) to job satis-
faction items,

Ltems showing the highest agreement between employeces of the
-game work group were fdentified to comprise one scale, while those
tems showing the lowest (from a larger set of items) agreement

j were combined into inother scale, Exemination of the reference

of these two sets or ftems revealed that those with high agree-
sent referred to job factors that employees held in common, while
hose for which there was low agrecment were distinctly individusl-
istic in reference. The latter was nemed Individual Satiaféction,
hile the former was named Group Morale.

v
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One advantage of these scales versus single items is that
he respondent 18 not asked to sum the various job aspects '"in
s head,”" and respond with a sumsary answer. In addition, this
gale distinguishes between two aspects of overall satisfactionm,
ividual feelings and feelings shared with other employees

oup morale). Group wmorale is the overall attitude a persocn
Jaces with others in his work group or organizaticn, and it
1cally involves factors external to the person such as the
pnny administration, or the supervision he receives. Group
tale is expected to be fairly stable over time. On the other
Bd, individual satisfaction as an overall measure i2 more
?onal and typically deals with factors internal to the per—
3y such as whether or not he finds his work boring. Individual
Hsfaction 18 exjected to be more variable over time.

Strong peychometric properties reported by Kavanagh, et
. (1971) added to this instrument's utility as a measure of
11 Job satisfaction.

ader Behavior Description Questionnaire (LBDQ)

measure of the behavior of the supervisor as seen by the
included in the ATC HCS for several reasons. The effect
Btularly of the immediate supervisor's style or behavior on
ployee's performance, job satisfaction and role conflicts
v t0o be important (e.g., see Campbell, Dunette, Lawler
dck, 1970; XKorman, 1966; Stogdill, 1974; Kahn et al., 1964;
tand Filley, 1968; Vroom, 1964). In addition to the import-
g supervigory behavior generally, it has been showm teo
jmportance specifically in the ATC occupation (Singer and
fanz, 1971; Smith, 1973). An unpublished report by CAMI
pteitudes of ATCs, for example, states that 'the dominant
B lssue for all three ATC specialties (ARTCC, TRACON, and
gthat of mansgement. In this they share attitudes in

ith European controllers and with employeea in most other
pns.” Finally, we hypothesized that there would be a

hip between supervigory behavior and job stress, and
ended to investigate pcasible relationshipa between

gors and health changes, we determined to include a

that would allow us to asaess supsrvisory influence in
smvironment of the AIC.

than measure attitudes (satisfaction) toward super-
j decided to measure supervisory behavior because this
p wuld be more urzeful. It could tell us what super-
pviors vere in nzed of improvement, so that recom-~
ffor intervencion might be made sa appropriate; and
‘; is more ezsily changed than attitudes, 1t would pro=

- e
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e a more efficient focus for intervention.

Although a variety of scales were avallable to measure
rvisory behavior (see Stogdill, 1974), three major omes
fevanded consideration, the Supervisory Behavior Description
gationnaire (SBDG), (Fleishman, 1972), The Leader Opinion
Mistionnaire (LOQ) (Fleishman, 1972} and the Leader Behavioer
jeription Questionnaire (LBDQ) (Stogdill, 1963).

f - The LBDQ was chosen because the other scales had limited
F-in the ATC HCS. The LOQ 1is a self-description by the
ervisor as to how he should hehave. This seemed inapptro-
fite for this study as we were interested in the ATCs'
jeptions of their existing work envircament. The SBDQ

f the LBDQ both elicit employees’' descriptions of their
hrvisors' behavior. However, the SENQ measures only two
- jnsions of leader behavior, i3 consideralbly longer than

& JLBDG, and the construct validity of one of its scales has
3 junder sharp cricicism (Schriesheim #nd Stogdill, 19643
Biesheim, House, and Kerr, 1976; CZzilagyi and Keller, 1976;
penberg and Kavanagh, 1972). On the cther hand, the
hometric evidence for the development and use of the

. 1s reasonably good (Stogdill, 1963).

fl'he LBDQ waas developed from earlier work describing
ehavioral dimensions of the supervisor's role (Stogdiidl
joons, 1957). Hcwever, these early afforts resulted in
dentification of only two dimensions ef supervisory
gior. It seemed unreascnable to assume that two dimen- |
 would be sufficlent to describe completely the com-

By of supervisory behavior. Thus, the LBDQ-Form XII
Fred to as zhe LBDQ in this report) was developed to

fs additional dimensions of leader behavior, and the
pform contains 100 items to weasure 12 dimensions, In
2o kee, the questionnaire to a manageable size for
jdents, the ATC HCS tesm limited the mumber of dimensions
ju the study. Based on observations of the ATCs in job
gtion with their supervisors as well as on. interviews
Rrious AICs, the following supervisor behavior dimen-
jrere chosen: 1) Initiation of Stiucture (IS ~ clearly
B own role, and lets follcwers know vhat is ewpected;
rance of Freedom (TC) ~ allows followers scope for
five, declsion, and action; and 3) Consideration (C)
jds the tonfort, well-being, status, and covtribution
owars.

f\ia important to recognize that the LED) measures
of supervisory beheviora, not garisfaction with
ppory behavior. Tha instructions for the LIDQ 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 Congiderations

Certain measurement aspects of the scales described

in this section should be set forth, including specific modi~
fications made to improve the quality of the scales, and psycho-
Eimetric evidence supporting the use of the various measures. As
the psychometric evidence regarding the development of the scales
8 been referenced, this sectior deals with the following

fopies: 1) number of scale poin:s, 2) reduction in the length
Bbf the scales; 3) reliability of the scales, and 4) independence
Bf the variables.

'_ unber of Scale Points

E All scales were counverted to 7 point response formats. This
s done for several reasons, First, numerous studies have found
hat reliability of scales 1s a monotonically increasing function
§ the number of scale points (Guilford, 1954). As Nunnally

967) has pointed out, the increase in religbility, starting

h two scale poincs, is very rapid at first, and then tends to
fvel off at about seven.. Seccndly, from a practical standpoint,
¥en-point scales were used to allsw the ATCs more latitude in
jponding to individual items. Finally, seven—point scales,
contrasted with shorter scales, could lesd to increased item

| scale variance, thus potentially increasing the value of a
variable for predicting health change.

¢ The original JDI scales were formulated as three-point scales,
FLBDQ as five-point scales, and the KLAP as 99-point scales.
g important to determine Iif the seven-point format for the
hind LBUQ were equivalent to the original response format, since
B scales have norms which were based on their particuler res-
R format., Since the KLAP had no norms, this was not neces-
) Item response rransformations were developed so that the
nd the LBD” ¢ould be scored using both the seven-point system
he original response format. The re~scored scales were
aited with the standard seven-point scales, with the follow-
besults: Work Satisfaction: .77; Coworker Satigfaction: .74;
ptisfaction: .87; Initiation of Structure: .90; Toler-
Bl Freedom: .93; and Consideration: .90. For practical
jes, the magnitude of these values indicates thag the
fecores may be considered virtually equivalent. Much of
fference between the observed correlation and the theore-
fides] way be a function of the reduced range of the orig-
pasurement rather thew a failure of the new format to

the same mesning as the original.
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Scale Reduction

S3ince the number of ftems contained in the firat data col-
lectior: phase was large, we thought 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 correlatlions were calcu-
lated to determine which items were most highly related t¢ the
total scale score. The 1téems in each scale were also regressed
on the scale score using a step-wise procedure., ' This procedure
adds irems one by one, in descending order of correlation with

scale score by the present equatiorn (larger by one predictor

maintaina the meaning of the scale while decreasing the number
of items to be used in later data collection phases.

cipants' responmses in Round 1. For the JDT - Work Satisfaction,
the regresaiog,solunion indicated 10 items (original number of
items was 1B) could be used {F = 212.9, p < ,001). These ten
items accounted for 937 of total scale score varlance. For the
JDL - Coworker Satisfaction, the stepwise solution indicated

10 items (original number was 18) could be used (F = 275.6,

p €.001). These {items accounted for 94.4% of the total acore
vaxiance. The Pay scale of the IDI was not analyzed because it
only contained four items. Likewise, the two subscales of the
KLAP were not analyzed because they contained elght and ten
items respectively., In addition, the original developwent of
these scales was empirically different from the typical scale
davelopment procedure, making item-total regression analysis
inappropriate for reducing dcale length, The original scale -
development (see Kavanagh et al., 1971) involved correlating
people, not itews, to identify group morale and individual
satisfaction. Item~item or item-total score correlations

to reduce scale length would thus viclate tha conceptual foun-
dation of these scales. Therefore, these scales were retained
in full for subsequent data collection rounds.

Regresaion analysis of tha 1BDQ revesled that the sub-
gciles could be reduced in length. The Initiation of Struc~
ture scale, originally 10 itema, could be reduced to 5 items,
which accounted for 91X of the total score variance (F = 354.9,
p <.Q01}. The Tolerance of Freedom scale, originally 10 items,

_could be reduced to 5 items thar accounted for 96% of the

total scale score variance (F = 247.3, p < .00l). 'Finally,

the regression solution indicated that the Consideration scale,
originally 10 items, could be reduced to 3 items that wccounted

total scale gcore, until the total variance accounted for in the

item) ig not significantly different from the variance accounted
for by the previous equation of predictor items. This procedure

The regression analysis was computed ca the first 173 parti-
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for 9sz.of the total scale score variance (F = 596.77, p_ .001).

However, the exclusive use of itemas from the regression
analyses could have lowered tha internal consistency of the
scales since the regression technique tends to choose items
relatively independent of 2ach other uo as to maximize the
;. total explained variance. To insure that the internal conais—~

tency would not be seriously affected, the highly correlated
items identified in the first analysis but not included by
the regressiun were included in the revised, shortened scales.

. The result of this dual procedure was to reduce the total
number of items in the combined scales from &9 o 54. The
teble below shows the item reduction by acale.

| SCALE

ORIGINAL NUMBER REVISED NUMBER
OF ITEMS _OF ITEMS
- i
Work Satisfaction 19 8
Coworker Satisfaction - 18 7
' Pay Satisfaction 4 4
Krap
Individuai Satisfaction 8 8
Group Morale . 10 10
LBDQ )
Initiattion of Structure 10 6
Conzideration 10 : 6
Tolerance of Freedom 10 5

These are the scales that were used ig s

tion phases. The modified form of these
the Exhibitg appended,

ubsequent data collec-
scales is included in

Reliability of the Scales

Internal Consigtency. Internal consistency reliabilities
i vere calculated uging coeffcient alpha (Nunnally, 1967, p. 193-19%)
for the eight shortened scales., As can be seen from Table 33,

all scales mat accaptable standards of reliabiliry (Nunaally,
Y 1967, p. 226). The Teliabilitieg

also compared favorably with
Previous resesrch. Smith et al. (1969) found internsl consistency
telisbilities of 273, .78, and .67 for the Hork, Coworker and
Pay scales, using a sample of 80 males from two electronic plants.
Stogdill (19%3) reported th '

e following ranges of reliabilities
< for the LEDQ scales: 1) Initiation of Structure - .72 to ,80;
) Telerance of Freedom - ,58 o -86; and 3) Consideracion

e e oy mimrn e e e
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.76 to .B87. As can be seen in Table 33, the reliabilitfes 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 the Individual Satisfac-
tion und Group Morale scales since this was not appropriate

in their development {Kavanagh et al., 1971). However, the
values in Table 33 were quite acceptable. The lover value for
the individual satisfaction scale as contrasted with the group
morale gcale was consistent with their conceptual basis. One
would expect items with reference shared hy team (or group)
members to be more internalliy consistent than satisfaction
items individualistic in nature.

Test~Reteat Reliacility. Not only was it important for
scales to be internally consistent, bucr it was also important
that the acores for the ATC scudy group were relatively consis-
tent over time as the variables measured by the scales were
thought to be relatively enduring attitudes. Table 34 presents
the test-retest reliabilities for the scales for three rounds.
The test~retest relifabilities met generally accepted standards
for reliability of measurement over tizne (Nunnally, 1967). The
relatively lower values for the LBDQ were most likely a result

of changes in gupervisors between data collection points, rather

than weakness of the measurement. The rather remarkable result
in Table 34 was that the reliability over eighteen monthg did
not show substantial deteriloration from the nine-months test-
retest reliabilities,

Independence of Variables

The independence of the Industrial pseychological variables
wag tested by inter-scale correlations. If two variables were
highly correlated, it would make little sense to include both
in a study as a score on one would allow prediction of the

score on the other. Table 15 presents the results of the inter-

scale correlation for the Round 1 data. Most of the values in
Table 35 were low emough to support the conclusion that the

variables were indeed independent measures. Howaver, the corre-

lations above .60 indicated some overlap between the measures,
No values were high enocugh to warrant dropping variables from
the study.

Inter~scale correlations for Round 2 between the job-
specific attitude scales discugsed in the previous section and
the general job-related scaies discuased in this section are
presented in Table 36. Again, these vaiues did not warrant the
dropping of any scales. The significant correlations between
the five general satisfaction scales and the job-specific
scales provided evidence that the latter scalszs were indeed
megsuring the ATGas' affactive (attitudinal) responses to their

[
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TABLE 33
Internal Consistency Tellabilities

For Industrial Psycholagical Scales ]
i
g RELIABILITY
NSTRUMENT SCALE CONSTRUCT COEFFICENTS  £?
] ) B i
-}[* Work Satisfaction 81 :5%;
Coworker Satisfaction .73 ” 'F§

Pay Satisfaction - .69 "

. individual Satisfaction .62

Group Morale .82 d
pogx inltiation of Structure 72 A
Consideration ' .75 *f:f
Tolerance of Freedom .89 ﬁ)

!
Hig

M
=

[Bascd on Round 1, N~ 4]0

ey

B e T T
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Test-Retest Reliabilities For Industrial Psychological Scales

ROUND 1~ ROUND 2~ ROUND 1~
ROUND 2 ROUND 3 ROUND 3
RELIABILITY® RELIABELITY: RELIABILITY#x

SCALE_CONSTRUCT (N = 386) {N = 352) (N = 347}

401 ..

. Work Satisfaction .71 .67 .60
faworker Satisfaction .62 .67 .51
Pay Satisfaction .65 _ .69 .63

B L |
Individual Satisfaction .63 .66 .63
VGrOup Morale .66 .65 .59

I;BBQ
Initiation of Structure .58 .54 W43
Considaration | .58 : .58 .48

“Tolerance of Freedom .56 .50 .42

Ah average tast-retest period of nine months,

. **An average test-retest period of eighteen months,
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TABLE 35
Corretation Mairix For The fndustrial Psychology Scales -~ Round !
f Work Satisfaction 1.00
'-: loworker Satlsfaction 0.3% 1.00
Pay Satisfaction 0.0t 0.19  1.00 B
Individual Satisfaction 0.19 0.33 9.66 1.00
Grop Morale 0.16 ©.31 0.30 0.53 .00 b
Initiation of Structure 011  0.13 0.03 0.20 0.52 1.00 il
114X
Consideration of Others 0.11  0.18 0.09 0.30 .55 0.63 . 1.00 fi‘f
: - : cod
.‘ Tolerance of Freedom . 0.1} 0.18 0.06 0.22 0.39 0.32 0.6 i
i
-;‘E!i
L
1‘L1
- SO
These correlations are based on an N of 375, since onily ATCs with o 1|
scores on all variables were included in this analysis, }
i
| i
i |
| i
i il
! R
1
|
‘t .
|
' il
- L 3

M -t i
[ .
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TABLE . 36 o
forrelations Between The Job-Specific Attitude Scales - ' T
And The General Job=Relatad Scales”
Job-Specific Attitudes
Satisfaction with Satisfaction with Satisfaction with
peral Job-Related Scales Management Training Promotion
SatisFaction LAl ) -.13 .16
v @9
ker Satisfaction .25 : -.30 .22
E'Satisfaction .38 -.24 .21
idual Satisfaction .57 ~.35 .43
up Morale .57 -.28 A7 . J
tiation of Structure .22 ~-.05 .18
$ideration .3k -.J6 .28
I_;rance 2 Freedom ‘.21 ~-.01 .15

r Round 2, N = 39




The inter-scale correlations for the JDI scales compared
orably with the original work dome by Smith et al, {1969).
ey reported the following values based on 981 males pooled
jcross 21 plants: (1} Work-coworker .36; (2} Work-Pay, .40;

d (3} Coworker-Pay, .28. These values for the ATC HCS were

1) .34; (2) .0L; (3) .19. Although the ATC results appear
etter in terms of belng more independent measures in two of

he three cases, it must be remerbered that the ATC results

ere based on & single occupational group, whereas the Smith

t al. (1969) results were based on many different occupations

n different organizations. Ho comparison interscale correlations
ere available for the other industrial psychological variables;
owever, the values were generally low with a few exceptions.
nterpretation of other results must take these correlations

nto consideration.

ormative Comparisons

JbI. We compared the ATC scores to norms in order to deter-
ine how satinfied the ATCs were with aspects of their job com—
ared with other workers. Table 37 presents the results of the
omative comparisons for the ATC scores on the JDI scaleg. In
rder to understand these resulrs, it is necessary to déscribe

@ the normative sample for the JDI (Smith et al., 1969). The male
i norms were based on 2,019 males pooled across a total of 21

F plants, representing 19 different companies and 16 different

f' Standard Metropolitan Statistical Aveas., According to Smith

‘et al. (1969, p. 88), "the basic sample was drawn from individual
v units (with 50 or more employees) of business and industrial

irmg in the continental United States (excluding 2laska) as

£ 1956," and they claimed that "“the 21 plants and 16 communi-

. ties are reasonably representative of the rang: of conditions

- found in American industry and business." The sampling of
workery iu terms of job levels was as follows: 227 unskilled,

g 302 semiskilled, 18% skilled, 1321 white collar, and 172 super-

i visory (almost entirely at the first~line level}. Selected

R company and community characteristics are displayed in Tables

% 38 and 39. ‘

K The Importance of understanding the normative sample charac-
g teristlcs can Le seen by examining the percentile ronkings in

g Table 37. Compared against the total array of normative samples,
% the ATC means converted to percentiles for the work, coworker

b and pay satisfaction scales were 46 percentile, 24 percentile

b and 60 percentile, respectively. The attitudes of the ATCs
sample toward the work itself were therefore about average con-

~
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TABLE 37

Norm Comparlsons for the Job Description Inventory

ATC %iILE ATC %ILE ATC ZILE ATC %ILE BY
ATC ZILE BY BY JOB BY COM- COMMUNITY
MALES IN 2] ATC ZILE B7 YNCOME EDUCATION TEMURE HUNITY DECREP-
SCALE ATCS INDUSTRIES DVERALL GROUP GROUP GROUP PROSPERITY {TUDE
Satisfactinn with Work 36.20 36.57 kg 8 30 44 43 50
6.56 10.58
408 1977
Satisfaction with 39.6% 43,49 24 15 3 27 32 34
Coworkars
6.90 10.02
4io 1928
satisfaction with Pay 33.29 29.90 60 17 52 53 68 64
12.93 14.53
koo i966
Highest 13-i4 10-1% 37-50 13-25
yrs educ yrs exp. yrs yrs

All calls read: Kean
Standard deviation
Number of subjects

€61
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154 : TABLE 18 *
Characteristics Of Companies In Normative Sample, 1960
PRODUCT QR NUMBER OF AVERAGE ANNUAL EARNING

LOCATION SERVICE EMPLOYEES MALE FEMALE

Mich.  Brass fittings 475 5220 3810

Hd. Research 75 6380 3220

Hass. Office Filas 360 3140 1770

Mass. Electronics 3100 53l 3250

Mass, Aero weapons 2500 5670 3050

Conn.  Pumps 745 5390 3800 v @
Wis. Heavy machinery 630 4830 3500

N.Y. fron foundry 105 6400 --

Ind, * Instruments ' 620 6330 Loko

N.Y. Appliances 4200 6010 3790

Wis. Iron castings 115 - hasg --

bl Retail 2000 5230 2190

irt. Phone equipment 900 4560 3130

N.C. Textiles 505 3080 2230

Mass. Valves hisg 5380 -~

Pa, Glass 490 4730 33l

Wis. Small machinery 1000 " 5340 3610

Hinn.  Banking ' 1550 5670 3320

1. Power 720 6300 Looo

Tenn. Chemical praduction 3000 6680 4850

Tenn. Chemical research Looo 7305 5270




A
ve Sample,

ties 1

1960
KED AN
AT PROXIMATE MEDIAN % OWNER _ HOME
- POPULAT ION MEDIAN FAMILY MONTHLY OCCUPIED VALUE HED AN
PLANT (In t000s) {NCOME RENT HOMES {in $1000s) AGE
i 38a0 €800 79 7l 13 29
2 2000 7600 B8 Lo 17 29
3 140 5200 56 Ly 1z 34
5 2600 6700 82 52 16 32
5 2600 6700 82 52 16 32
6 160 8000 © 91 68 23 32
7 1200 7000 88 58 16 30
- 8 1300 6500 75 61 i5 31
g 110 6500 71 78 10 28
10 560 6400 79 67 I3 30
11 1200 7000 68 114 16 30
12 £200 7300 30 51 i9 3]
13 50 €000 . 87 64 14 26
th 130 4700 51 6l 7 1
15 2600 6700 82 52 16 32
Ié ho 4800 55 7b 7 28
; 17 1200 7000 88 3] 16 30
: 18 1500 6800 78 68 15 28
i9 290 6300 71 , 70 12 30
20 60 5200 63 69 7 26
21

60 53%0 63 €3 7 26

ST

BEY
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ared to Smith's representative sample, low {24th percentile)
In comparisons of attitudes toward coworkers, and above aver~
jge (60th percentile) in comparisons of actitudes concerning

Y

, However, Smith et al. (1969) stratified their general
kotms on income, education, job level, community prosperity,
od community decrepitude. This stratification of norms :
glloved comparisons which took into account the specific charac-
Yorigtics of the sample. The most striking change occurred
hen the norma for the ATC means were adjusted for income. All
ee attitude areas dropped sharply, indicating that, compared
persons in the normative sample earning comparable salaries,
ghe ATCs' attitudes toward work (8th percentile), coworkers

Sth percentile) and pay (17th percentile) were quite poor.
fhe ATC group was, hovever, compared with persons in the Smith
pt al. (1969) sample who were earning a comparable salary of
¥'$14,000 and over" in 1960. As contrasted with the journevmen
BATCa, the Smith sample most likely would be most entirely from
$he supervisory and professinnal levels. Thus, this compari-
on may not have becn altogether valid, and the pattern in
ble 37 mny present a better understanding of the ATC acores.

It seems apparent from the table that ATCs were most sati-
ficd with their pay, and slightly above average compared to
rther workers. They were least satisfled with their coworkers
nd clearly below average in comparison with other workers. It
lso seems apparent from the compsarison data given in Table 37
at ATCs, in comparison with other workers, were about average
slightly below average in satisfaction with work. There was
gmo atrongly favorable attitude area for ATCs when compared with
gother workers, although their satisfaction with pay was above
erage. :

. 13Dg. Normative comparisons for these scales were not pos-
Syible, as norms were not developed. However, it was still poe-
ible to compare the ATCs' scorea with other groups because
ogdill (1963) reported means and variances from a wide range
pf different sampies. Table 40 presents rthe ATC results againet
e results reported by Stogdill. 1In the table, the means re-
present subordinates' descriptions ol how frequently their
supervigor/leader engaged in a given behavior. Thuse, the head-
ings of the columna refer to the supervisors of the group mem-
rs who provided the behavioral ratings.

Several interesting facts emerged from Table 40. First,
BAIC supervisors wera significantly lower than other supervisors
erfor all three supervigory behaviors. With respect to Initia-

tion of Structure, the ATCs described their supervigors as not

e A i Al e s ¢ o A poog ¢l A




 COMMANDING LABOR
ATC ARMY AIRCRAFT POLICE COMMUN - UNION . CORPORATION
SUPER- OFFICERS EXECU- OFF I~ ITY PRESI - PRES]-
SCALE ViSORS & NCO's TIVES CERS MINISTERS  LEADERS DENTS DENTS
Initiation of 31.78 38.66. 36.60 33.70 - 38.70 37.20 38.30 38.50
Scructure (13} .
6.92 5.70 - 5.40 4.50 4.90 5.70 . 5.60 5.00
409 235 165 185 103 57 b4 55
((:or)lsideration 33.08 37.10 37.10 36.90 42.50 41.10 42.30 41.50
£
7.2 5.60 5.80 6.50 5.80 h.70 5.50 4.00
408 235 165 185 103 57 Ly 55
Tolerance of 35.13 35.90 38.00 36.30 57.50 316.40 38.00 38.90
Freedom (TF)
§.77 6.50 5.90 5.30 6.00 5.00 4.00 4.90
408 235 165 185 103 57 4y 55

All cells read:

Mean
Standard Deviation
Number of Subjects

£871
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clearly defining their own roles and not lettingz *the ATC know
what was expected. This finding was corsistent with the obser-
' vations of the ATC HCS team when visiting the facilities as
‘well as in interviews with the ATCs. This may stem. partly from
k unique features of ATC work that emphasize a great deal of
ndividual responsibility. AIfCs, unlike many other employees,
sre highly trained when they begin on the job; thus, the amount
f directive behaviors by thelr supervisors to ensure adequate
ob performance may be low.

The ATCs reported less frequent consideration by their
supervisors than that reported for other supervisors. This
result probably indicated a low level of interaction between
jpupervisors and ATCs.

4 However, the last comparison from Table 40 was inconsistent
Bwith this low interaction interpretation; rhat is, ATCs, in com-
Barison with other groups, reported that their supervisors had
Bbout the same, or a slightly lower frequency of Tolerance of
Freedom behaviotr. Thus, the ATC supervisor's behavior, in terms
f allowing his employees scope for initiative, decision and
Bction, was perceived by the ATCs as alightly lower than other
roups., If there were a low level of interaction between the
jiCs and their supervisors as previously argued, one would expect
jbe mean for Tolerance of Freedom to be higher. Examination of
fhe pattern of means for the other groups in the table illustrates
pie- rationale for this argument. The means for Tolerarce of
feedom, in general, were lower than those for Consideration
pd Initiation of Structure. Typically, a supervisor with high
fequency of the Initiarion of Structure and Consideration beha-
Jor was conversely reported to have less Toleranca of Freedom.
ir ATCs showed a distinctly different pattern of means.

One explanation for this apparent inconsistency may be that

j¢ supervigsors did not interact very much with the ATCs in terms
| actual work performance; however, the supervisors may have

ben restrictive in terms of non-work performance activities,

8., daily assignments, timing of work breaks, etc. Some anec—

fpal evidence from observaticns by the ATC HCS team of the ATCs

p thelr work place provided some support for this ohservation.

. FKAP. Since there were no norm groups or comparison samples
f these variables, a different perspective was needed to inter-
pt the ATC results on individual satisfaction and group moraie.
b primary purpose of attitude surveys in industry ls to diagnose
blem areas in organizations. Most companies prefer to develop
ally meaningful surveys than to use standard surveys whi-h’

8 complete norma but are generic and non-specific in nature
ative to the unique characterintics of that company. 'Thus,

bl
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fthere has emerged a generally-accepted guideline or threshold
a6 to when i certain level of dissatisfaction indicates a prob-
blen exists and management should rake some action. This
generally-accepted threshold value varies from 20% ta 25%
Jdissatisfied response.

This threshold value 1is based on several considerations.
jFirst, nacional surveys taken over the past 20 years indicate
fthe level of dissatisfied workers veried from B%Z to 19%, with
th mean of 14% (Quinn et al., 1974). Second, from a practical
viewpoint, many managers believe that having 1 in 5 or 1 in 4
yof their workers dissatisfied is a serious problem. Finally,
pdissatisfaction of workers is costly in terms of turnover,
fabdenteeisn, and potentially lowered productivity. A recent
pempirical study (Mirvis and Lawler, 1977) found that "expected
g direct-cost savings of $17,664 in absentseism, turnever, and

f performance” could result from a .5 standard deviation increase
Fin job satisfaction,

2 Using this standard for dissatisfaction, an axamination

P of Table 41. reveals several noteworthy findings, First, the

¥ consistent percentage of scores in the neutral category for

B both fndividual and Broup mrrale indicated that about 42% of
 the ATCs felt "so-so" in general about their jobs. The distri-
§ bution for Individual Satlsfaction was not gevere, although

R about 21% of ATCs were dissatisfied with their overall rersonal
f satisfaction in their Jobs, while 36% were personally happy

f with their jobs. The story changed markedly for Group Morale.
® The percentages were reversed -~ 39X of ATCa were dissatisfied

f vith the general morale in their jobs, while ouly 197 were
g satisfied.

Examination of the items in these scales (Table 42) pro-

k vided one poseible explanation for these results. The Group

[ Mordle scale was mzinly ¢oncerned with management, supervisionm,
 and working conditions, all factors extrinsic to the ATC's

f actual work, while the Tondividual Satisfaction items were more
f personalistic and dealt with the centroller’s job. This would
% lead one to conclude that the major sources of dissatiefaction
¥ in the ATC's jcb were not in the work itself, but rather in

B the work envirormznc surrounding hia.
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TABLE 41

Scale Score Distritutions For The Kavanagh Life Attitude Profile

' PERCENT PERCENT PERCENT
VARIABLE ’ DISSATISFIED NEUTRAL SATISFIED
Individual Satisfaction 20.9 42.9 36.2
Group Morale _ 318.¢ 52.0 19.1
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TABLE 42

KLAP scales

INDIVIDUAL SATISFACTION

| am extremely underpaid for the work that | do.

| can learn a great deatl on my preseat job,

There is too much pressure on my present job.

| am 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 communication {about my job).

I often feel tired and worn out on ry Jjob.

My supervisor has always beean falr in his dealings with me.

For my kind of job, they expect too much work from me around here.

GROUP MORALE

Management here sees to it there is cooperation between departments. :

This facility operates efficlently and smoothly. - ;

My supervisor has the job well organized. ;

Management 1eally knows its job. :

My supervisor knows v:ry little about his Jjob. {

Pour warking conditions keep me from doing my best work.

My supervisor lives up to his promises. -

Managemen. here does everything it can to see that employees get a
falr break on the jcb,

For my kind of job, the working conditions are okay.

My supervisor gets employees to work as a team.

sl o o e
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ment required by their life events than the Holmes and Rahe norma-
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SUMMARY

Impact of Life Changes

To test whether or not life change events were important in the
development or exacerbation of digease, 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 were 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 gcore 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 adjust-
ment that a normative population group had indicated that
1tem required;

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) a score on the Holmes and Rahe items based on the adjusc-
ment weight each ATC himself assigned to that item; and

4) a score on the PUP items based on the distress weighting
that the individual ATC assigned to that item. In addi-

tion all 103 items could be summed for a tqtal distress
score.,

It was found that the ATCs assigned greater weight to the adjust-

tive population did, but they were less distressed by their life
events the: the PUP normative population.

Because further analysis suggested that the normative weights re-
flected more the number of life events than the distress caused by
them, 1t was decided to use the ATCs' own ratings of distress caused
by the life changes in further predictive studies.

T T T T
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6. Impact of Life Changes

We knew from our previous reading of the psychology litera-

ture that life events were considered by many researchers to play

an important role in the development or ex~ncerbation of disease

(Hurst, Jenkins and Rose, 1976, 1978). We 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 elther physical

or psychological diseases, or both., However, the method of quau-

tifying life change events and attributirg the derived measurements

to appropriate conclusions presented certain problems. v @

Existing Methods of Measurement

Two major approaches had been developed for the systematic
recording of life events and their ef{fects on individuals. The _ .
Holmes and Rahe approach (Holmes, Raho, Hawkins, D2vies ard others, >
1957, 1967a, 1957b, 1967c, 1969, 1970, 1976) involved the devaelop-
ment and 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 Readjustmeat Rating Questionmaire (SRRQ) was de-
vised to be used with the SRE. By administering the SRRQ to re-
search populations, the developers were able to obtain population "
ratings of the amount of readjustment required after the occurrence : y
of specifie SRE life events. These population estimates of read- : _ . !
justment, called life change units or LCU, were applied to the
events checked by an #individual on the SRE and summed to give an
individual a total life change score.

The second approach, that of Paykel, Prusoff and Uhklenauth
(1971, 1972), involved use of a 6l-item questionnalre to elicit
the life changes that had occurred, and alsoc to attach to these
life events varying weights (LCW) that represented population rat-
ings of the amount of distress caused by each specific life change. ;
The Total Life Change score in this approach was the sum of the ' ' 2
life changes that had occurred weighted by the distress a general
tesearch population had attached to each such life event.

The Holmes and Rahe and the Paykel, Uhlenhuth and Prusoff
questionraires overlapped somewhat in Iitem content, and were simi-
lar to the axtent that tney both applied population estimateg. of
the amount of distress or adjustment to the events reported by an
individunal to avoid the circularity that might occur in retrospec-
tive studies; that 1s, it was important in retrospectiv:s studles

" that the individual who became 111 did not on that account ascribe
kaelated importance to the life event occurring previously.

4
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Althougﬂ $oth the approaches were based op the number of sig~

‘} nificant life changes occurring to an individual, the Holmes and
® Rahe weighted the readjustment required while the Paykel, Prusoff
t' and Uhlenhuth weighted the distress produced by the event.

Our research into the value of using one or the other methed

£ of assessing life change raised a number of questions that led

. eventually to our use of the items from tke two available instru-
% ments with other items that we added together with a different

E weighting perspective, in a new questionnaire that we called the
% Review of Life Experiences (ROLE).

These questions involved the applicability of the population
ratings established by the original research to cther groups and
cultures, the possible differences in ratings of impact when the

L. events were actually experienced as opposed to estimates of impact
- when they were not actually experiercel, the effect on the ratings
'~ of the recency of the event, the age and the sex or the rater,

Although the developers of both existing instruments declared
that the normative welghting units used for each were applicabla
to many different groups, and additional research supported this
contention in terms of the rank ordering of life changes, 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
differences in ratings for recent events and for the same events
when they were more remote, and results of studies of age and sex
diffcrerces in rating, all caused us to decide that the state of
the art of measuring life change events and interpreting the mea~
surements was neilther sufficiently advanced nor expedient tn merit
the use of the existing methods without modification.

One modification that appeared to us to be very importamt and
that was suggested in the literature by Rahe (1976) and others
(GoldLerg and Comstock, 1976; Paykel, Prusoff and Uhleshuth, 1971)
after zome years of research with the original approach wac the
use of individuals' idiosyncratic ratings for weilghts instead of
the normative ratings. The results of several studies suggested
that the individual's ocwn ratings may have better power to predict
discage than normative ratings (Lundberg, Theorell and Lind, 1975:
Rubin, Gunderson and Arthur, 1969, 1971).

Adiitional details of the characteris.ics of *he existing in~
struments, the results of research involviag thelr use, acd the
questions that have been raised can be found In three pupérs pro-
pared for publication under auspices of this study which are in-
cluded in Appendix IL (Hurst, Jenkins and Rose, 1975, 1978, and

Hurst, forthcoming, 1979). . -

[ ]
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Review of Life Experience (ROLE}

After studying the questions briefly summarized above and con-
cluding that neither one instrument nor the other sufficiently sat~
isfied our purposes, we deviged a comppsita questionnaire, called
the Review of Life Experience (ROLE). The ROLE included 39 of the =
43 items of the Holmes and Rahe SRE and 52 of the 61 items of the
Paykel et al. questionnaire. We added 20 new items that represented
important life crises pot included in the two existing scales. In
addition some of the srandard items in both lists were broken down
into theiz positive and negative aspects. The ROLE as it was con-
stitutad allowed us to create Holmes and Rahe equivalent total LCU's,
and Paykel, Prusoff and thlenhuch equivalent total LCW's. After
indicating that any listed event had occurred, the ATC was asked to

make an adjustment raiing and a distress rating from 1 to 99 for ) eI’_
that event. v

The instructions for adjustment and distress were carefully

" wWritten to distinguish between the two, and a linear scale was pre- H
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 writtea beneath the .
range of 44-35., "Death of spouse” was written beneath the range of

90-9%. The distress ratings, to be made after the adjustment rat-

ings, were accompanied by a scale with "child married with your

approval” written under the 1~10 range, “additional person in house"

written under the 45-55 range, and "child died" written under the

90-99 range. A copy  of the ROLE with instructions is included in
the Fahibits appended.

Although we had excluded certain items of each of the sche-
dules because they were noc applicable to our group (e.g.. questions
concerning pregnancy, retirement, etc.), the total scores of our ATC
respondents ou the Holmes and Rahe jitems

had used the original schedule because the items excluded would not

have occurred to them anvway; and the ATCs' scores on the Paykel et
al. items would also correspond to-their scores on that original
schedule.* ‘Thecefore, we were able to compare cur ATCs with the
normative groups on each set of items, and as the adjustment and
digtress ratings were made for all 102 ROLE items, we were also
able to asce tain whether or aot vhere were significanc aifferences

betveen the amount of adjustwent and the amount of distres= caused
by the specific 1ife change events,

* The original Paykel e¢ al. inventory used a range of 1-20 rather
than the l1-infintty scale, later reauced to 1-100, used ig the
Holmes and Rahe schedule. Therefore, for comparisen with the

Paykel norms, we simply divided the ATCs' scores by 5 ro obtain
equivaience.
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The ROLE quescionnaire provided
f change assessment scores: 1) the Holmes and Rahe normative total
| LCU equivalent, 2) the Paykel et al. normative total Lcw equiva-
B lent, 3) an individual's total 1ife ¢

hange adjustment rating for
P the Holmes and Rahe 1tems, and 4) an individual'sg total life

ting fer the Paykel et al. items.

» therefore, four primary life

in addition
f it was possible to sum across all 103 ftems for a total distresas
 score, -

% Procedure

: At the intake visir to Bosten University Medical Center, the
EATCs completed the ROLE at video terminals, responding interac-
'tively to the computer displays. Previous instructions on using
fthe terminals had been provided and checking and verification pro-
grams were bullt in to preclude invalid responses,

' The entire list of 103 items was presented first, one at a
'ine. A subject indicated if ¢

F years, if it occurred in the
he previous period of 7-24 monthsg
Past 6 months and in the preceding
programmed to accept only
#nd of rhe presentation ap

pad an opportunity to cha
-_-‘ e 1t&p

» or 1f 1t occurred both in the
=24 months. The computer was

one of the four alternatives, Ag the

d response to all 103 items, the subject

Nge answers. The computer re-displayed
and the new answer could be substitucred,

When satiefied with his response concerning occurrence or
jon~occurrence of events,

a subject wag Presented with the Ingtryc-
Bions for adjustment ratings. The anchoring scale was continugusly
Jisplayed in a protected field of rhe video display. The computer
Wetrieved fitems that the subject indicated had occurred. It dig-
layed the item and Yequested an adjustment rating in accordance
Bith the instructions, After receiving adjustment ratings for all
Bt the events that had occurred to the subject, the computer dig-

Bquested. Hence racings
G Occurred to a subject.

scrintive Findings

g Table 41 displays a comparieon of total life change scores
fing the individual's ratings with the Scores produced when the
ftmative ratings were uged., The tuble showa that the individuala?
I ratings of the adjustment required by their life change events
Roduced a aignificmtly higher 1life change score than that pro-

_ bges weighted by the normative LCU of
@ Holmes<Rahe itemsg (t = 7,99, p <.01). On the other hand, the




TABLE 43

Comparison Of Total Life Change Scores

Using

Individuals' Ratings versus Normative Ratings

BSRE total LCU

K Total individual
B adjustment ratinge
B for SRE items

 PUP total LCW
§ Total individual

distress ratings
for PUP [tems

¥ 4 ¢ o.01

t for corre~
lated means

df

Mean Standard
N Total Deviation
356 111.04 75.85
356 124 .84 118.38
356 30.68 23.88
356 15.97 17.32

2.99%

-16.91*
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355

355
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ATCs' own ratings of distress resulted in a significantly lower
wean total score than that produced by applying the normative
LCW to the Paykel er al. items.

The intercorrelations 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 adjustment 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 L @
{ require more adjustment on their part than other groups have in-

dicated, and appeared to cause less distress than other groups
have experienced. :

The frequency distributions of the number of life events tbh-:
occurred for each man in the most recent 6-month period are showm i
for the SRE and the PUP schedules in Table 45. The distributions o
for both inventories were highly skewed, with that for the SRE ’ ﬁ
 events less skewed than the PUP inventcry (significance of the : _4
difference, Kolmogorov-Smiroff D = .23, P <.01). The median num- ) -
ber of Holmes and Rahe events per individuals was 4, or 10.2% of 1

those possible; for the FUP events it was 3, or 5.8% of those . . 'ﬁ
possible. Overall, for all 103 items 1ln the ROLE, the average ]
proportion of events per individual was 11.7%. The ROLE event fre-

quency distribution was less skewed than that of the two contri-
buting iaventories.

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 justification for proceeding 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 psychilactric illness is discussed in Section V,
Predictive Findings.
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TABLE 44 -
Intercorrelation Matrix Of Life Change 4
Total Scores For Four Assessment Methods
' (N ="358)+
SRE : PUP Totar Total
Total Lcu Total LCw Adjustment Distress
Bre total Loy 1.00 0.79 0.68 o.59 ;
PP otal Low 0.79 1.00 c.56 0.73
; fota! adjustment score
1= Mor SRE |tems 0.68 0.56 1.00 0.71 .
‘ otal distress score . 3
for PUP items . 0.59 0.73 0.7 1.00 1,
|
|
| :
? H
‘L B Al corrziations significant at p <0.0001, Z-taifed ;
r |
| 1
| i .1
F
|
\
| {
%
F
3
|
t
o
3




HR SRE

-PYP lnventcfy

Cumulative

Cumulative
Absolute Relative relative Absolute Relative relative
Number of events freqguency frequency frequency frequency frequency frequency
0 12 3.0 3.0 21 5.2 5.2
i 27 6.7 9.7 61 15.1 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 53 12,6 66.1 47 11.6 79.8
6 30 7.4 73.5 31 7-7 87.5
7 33 8.1 81.6 i6 k.o 91.8
8 23 7.2 £8.8 I3 3.2 94.7
9 21 5.2 4.0 6 1.5 96.2
10 io 2.5 96,5 g 1.2 97.4
13 6 1.5 8.0 9 2.2 99.6
12 4 1.0 9.0 2 0.5 100.1
13 2 0.5 99.5 0 ] 100.1
14 2 0.5 100.0 o 0 100.1
15 0 0 100.0 0 0 100.}
i6 0 0 100.0 0 0 100.1
i7. i 0.2 100,2 0 0 100.1
Totals Los 100.23 100.22 405 100.12 100,12

Mean (5D) 4.9(2.8) 3.6(2.6)
HMedian 4 3
Mode 4 3 .

These totals do not add up to 1003 due to rounding 2rror.

[
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SUMMARY

Measurement of Air Traffic Controller Workload

fln order to determine whether or not the air traffic controllers'
differential paychologica, behavioral or physiological responsivity
on the job was related to their health changes, their differential

fvorkload needed to be evaluated. Components of workload assessed
fwere:

') Peak aircraf+, the raw maximum number of planes coming
under contro. within the 2 minutes before physiological
measurenents were made;
2) Iransitioning aircraft, a count of the number of planes v @
' climbing or descending in the few seconds before (e phy-
slological measurements;
3) Proposals, the planes expected to come under a controller's
legal authority;
4) Duty positicn, one of seven pesicioans: data or clearance )
delivery, hand-off or ground control, radar or local con- ‘
trol, check-ride wonitor, training, radar coordinator, or
supervisor; or on break;
- 5) Sector Tyres, one of five types: arrival/departure, en-
route low, transition low, enrcute high, trunsition high;
6) _Percentage of air space not available because of military
operations or weather conditions.

'fOther workload measures were derived as follows:

1) HNormalized peak traffic, a measure reflecting the differ- !
-ence between peak traffic at any place/time/position and S
the average peak traffic that could be expected for the
facility/sector/position at that time, allowing comari-
sons of men's responses to change in workload regardless
of facility, sector or pesition worked;

2) Maximum peak traffic,” the highest raw peak traffic count
recorded for a man during a fizld study day;

3) Maximum normalized peak traffic,the highest normalized
peak traffic for a man in a day,

4) Range in peak trafric, repregsenting the fluctuation In a
man's workload for a day; _

5) Range in pormalized peak traffic, representing the fiuctu-
atlon in normalized work loaq;

6) daxipum consecutive rime on position, the maximum nurber
¢f consecutive observation perieds during a day that a
man worked a Journeyman position without a break;




Total time on a working position, the 1umber 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 man spent during the
S5-hour study day in training developmantal controllers;

9) Training work, the peak traffic counts of the traince while
being trained by a subject controller.

e3¢ measures were transformed into the following mea&sures, each
presenting some unique dimensions of workload for the day:

L) Paceload, the sum of raw peak traffic recorded for a
man during the day, maximum Peak traffic anpd range in
peak traffi: over the day;

2) Kormalized workload, the sum of nermalized peak traffic,
maximum normalized peak traffic atd range in peak
traffic for a day;

3) Iimeload, the sum of maximun ccnsecutive time on position
and total time on position;

4) Area workload, a measure of alrspace load estimated by
nuaber of transitioning planes pius a weighted index ap-.
plied to the five types of sectors;

5) Time training, the measure defined 28 a component of work-~
load;

6) Work training, the measure defined as a component of work.-
load.

cause the workload of individuals varied from day to dny, an aver-
ij_e-aceloag, average normalized workload, average timeload, etc.
fvas calculeted to characterize cach man's work across 10 field
; These Average measures were used in soma analyecs, while

Eifor other analyses, the 8pecific value of a variable at a particular
ffield visit was uged.

ﬁnm following findings emerged:

1) Paceload lncreased, on average, by 50% over the course of
the study;

2) Paceload differed significantly among the facilities;

3) The oldest group of controllers tendad to have & lower mean
paceload, but thera was no significant difference between
three groups clustered Ly leugth of exparience;

4) Facilities 41d not differ in average normalized workload,
23 expected vy design of the variable;

5) Neither age nox experience gruuping provided gystematic
differences in normalized workload;

o
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Timeload differed at the different facilities;

Age and experience differences in timeload were not sta-
tistically conclusive;

Facilities differed significantly in amount of time spent
training; . .
The oldest and most experienced ATCs spent the least amount
of time in tra‘ning others; ‘
Trainees at the NYARTCC handled more aircraft than train-
ees at other facilities;

There was a tendency for the trainees of older and more
experienced controllers to handle fewer aircraft.
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7. Measurement of Alr 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 physiolegical responsivity on the job was
related to the development of health changes., Consequently, in
May ef 1974 we began studying men for five-hour periods during
randomly selected worlk 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 cempleted 1,470 blood pressure studies and 1,156 hormone
studies yielding a total of 2,626 man-days of studieg 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 man~days of
observation at wark, resulring from the five studies of blood
pressure and five studies of endocrine variables. Since each
man-day consisted of five hours of observation ard three obser~
vations were made for each hour, a total of 38,559 concurrent
observatiosns of physiclogy and work formed the basis for our
assegssment of workload and responsivity on the job. For some
studies of workload 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 gubject to at least ene field study, Those few who were
not had drupped out of the study or were ineligibla for field
studies by the time thar they were approached, On tne average,
6.2 days of observation were completed for the original 416 air
traffic controllars who volunteered for this study. More than
kalf of the controllers had six or more field studies complated
by July, 1977,

Workload was obgserved and measured,concurrently with mea-
surement of blood pressyre and collection of blood samples for
endocrine studies. Table 47 displays the number of participants
for whom blood pressure and endocrine field studies were com-
pleted., Blood Pressure studies were completed for mcre men than
enducrine studies, a result which we attribute to the less in-
vasgive bleod pressure measurement equipment,

Each field study included an assessment of eight possible
moods at the beiinning of the day (seé Section ITIB8). Alter
the ATC completed the mood questicnnaire, there were either
15 measurements nade of blood pressure or 15 collections of
blocd serum ar 20-minute intervalg. Each of these phystological
events took place two minutes after the evaluation of elght
different work variabies. A: the end of the study day, a cop-
trolier completed a 17-item “subjectiva difficulty" question-
naire that inquired sbout his opinion of the day's work dif-




Number of Field Studies

TABLE 46

Completed by Participants

VNumber of
Studies

0
1

X

C W O NNV W

Total Field Studles = 2570

Average Field Studies per Participant = 6.2

"Number of Men
Men Completing

% Of Original
k16 ATC Volunteers

27
389
367
347
325
289
263
229
180
123

58

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 HWere Compieted

Number of Men % of Number % of -
Completing Original of Men Original
Endocrine k16 ATc Completing Blood 416 ATC
Studies Volunteers Pressure Studijes Volunteers
369 88.7 382 91.8
316 76.0 340 81.7
243 58.4 238 _ 69.2
158 32.0 249 5%.9
63 5.1 162 .__38.9 N
Studies 1149 1421 !

BField Studies = 2570 Man-days
¥ Hours of Observotion = 12,850 Man-hours
observations = 38,550 Observations
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ficulties. A description follows of the workload variables that
were assessed by direct observation and thase that were derived

measures of workload.

Components of Work That Were Assessad

Peak Afrcraft. A number ef previous studies, including two
preliminary studies of this research team, indicated that the
raw maximem number of planes coming under control within a unit

These previous studles showed that peak traffic was signifizantly
related to "pace" (ratings of behavioral arouvsal and activity
while contrnlling aircraft), heart rate and obgserver-rated

stress (Hurst and Rose, 1978a, 1678b; Laurig, Becker-Biskaborn
and Reiche, 1971; Philip, Reiche, and Kirchoer, 1971).

In these previous studies the unit of time during which the
maximum peak trzSfic wag observed varied from 1 minute to 10
minutes. The present research team conducted a Pilot study
varying the observation time from 2 minutes te 10 minutes at
l-minute intervals. We found that the peak traffic during a
Z-minute period of time was highly correlated (above -80) with
the peak traffic that would bhe observed in 10 minutes, Consge-
quently, for the purpose of thig study, peak traffic Wwas agseg-
sed in ten two minutes prior to a physiological measurement or
collection in order to allow the fielg technicians the oppor-
tunity to study more than one man per day,

Trahsitionipg_éircraft. Two published Studles alsgo sug—
. 3ested that the nunber of transitioning pianes, x.e., those
ascending or descending, night be a relevant objective index
of workload (Hurst and Rose, 1978a, 1978b). These Studies
investigated the theoretical variables of Arad (1963, 1964a,
1%64b), called conirol load variables, Although Arad'sg work

fact an inportant tUmponent of workload, Consequently, our
field studies also included a count of tha pumber of planes
climbing or descending (transitioning) in the fey geconds
bafore the physiological Bgasurements or collect’ong,

Piopesals. "Proposals” were coasidered to be a third
ruseible component of workload. These are the computerized
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flight plan reports receivec and posted at an air traffic con-

troller duty siation, and they represent those planes that can .
be expected to come under the controller's legal authoricy.

Altbough uo previous research has established the relevance

of proposals, our observations ia the facilities had tudicated

that at least some men experilerced inticipatory reactions when

thelr proposal board filled up. Consequently, our field tech-

nicians also noted the number of Proposals on che hoard in the

seconds before the physiological measurement or coliection.

Duty Position. The position at which a controller was
working also was considered a component of worl:load. Controllers
in air traffic control ceniters could be working any one of
seven positions: data, hand-off, radar, check-ride monitor,
training, radar coerdinator or supervisor. 1n tovers, control-
iers could be working data, clearance delivery, ground control,
local eontrol, check-ride moritor, training or supervisor posi-
tions. Observations in the fleld and preliminary analyses ind:-
cated that the data and clearance delivery rsitions were essen~
tially equivalent; that the hand-off and ground control positions
were essentially equivalent; and that tle radar and local con-
trol positions were essentially equivalent, Consequently, we
combined these positiong so that seven position cedes were avail-
able to be assigned each time a man was observed. Only four of
these positions were techaically working positions for Journey-
man controllers with direct legal responsibility for aircraft
Separation. When a man was on break (either in o out of the
control rcom) or when a man was not assigned a specific job task,
2 special code was assigned. The positions were aa follows:

Un bireak (in or out of the control room) or not assigned.
This position code was established to allow separate evaluation
of our continucus Physiclogtical measuras when a man was on a
working position and when he was not,

Data or clearanca delivery. The data Position required a

controller to remove propesal scrips from the computer and to

update these as needed. The 8trips were placed in plastic hol-

ders and then put on the proposal board. The clearance deli-

very poaition in a tower T=quired the transmitetal of instructions '

and air field data for takeoff and landing as directnd by the N
¢ local or ground controlier. In essence both the data and clear-
[ ance delivery positions were clerical. These were not journey-
' man positions since there was no legal responsibility for afr-

Hand-off or ground £oiutrol. The hand-off controller pro~
¥ vided the majority of radi- comrunications between sectors when ..
| an alrcrafe yuq leaving the legal control of one sector 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 tower provided taxiing instructions

before and after landing and relieved the local controller of
communications with planes that were not yet in a legally de-

fined air space. Hence the hand-off and ground controller

positions were primarily communications positions without res-

3 ponsibility for the separation of aircraft in legally defined

t ' air space. They were, however, journeyman positions.

Radar or local control. The radar position was the most
skilled position of a journeyman air traffic controller. He had v
the legal responsibility for separating aircraft within his
legally defined air space (called a sector) in accordance with
FAA standards. In a tower the local controller had this respon-
sibility even though his controlling was primerily visual in
nature once an aircraft was handed off from the arrival/depart-
ure radar sector of an air route traffic control center or the
IFR room in a tower. These were journeyman positions.

Chech~ride monitor. The check-ride monitor was a highly
responsible position assumed primarily by experienced and highly- )
-rated journeyman controliers. The controller in this poaition .
f was responsible for a sector but another controller actually '
[ provided air traffic separation within that particular sector.
¥ The check~ride monitor's respongibility was not only to ilnsure
t the separation of alrcraft within the sector, but also to eval-
- uate the performance of the controller actually providing
_geperaticn Services. A particular kind of stress accompanled
f Lthis position since the check-ride monitor could not provide
L instructions or direct traffic without automatically failing

tthe controller attempting to prove his mastery of the sector.
This was a joutneyman position.

Iraining. In the trairing position, a journeyman control-
'et was plugged inte a sector along with a non~-journeyman con-
roller. The journeyman controller provided op-the-~job train-
g for developuental controllers, i.e., those who had vet to
rove mastery of all of the sectors within their areas and

e had to pass the journeywan air trzffic controller examina-
on. The trainer wss legally responsible for separation of
paffic within the sector at all times. In order to provide
jpropriste training, however, it was necessary that the

feiner xllow the trainee some errors in judgment or planning,
jile making sure that this allowance did not becone too gener-
‘”. Thiz was a journeyman position.

f - Radar coordinator. This positlon, primarily found in the

mon [FR Room at Kennedy Airport, entailed coordinstion of

tr contiu, lers at saeveral sectors. The radar coordinator '




B an active separation responsibility and communicated both
Bh working controllers and aireraft. This was not consid-
a journeyman position since it was supervisory, and a
jar coordinator ¢id not have legal control of aircrafe.

Supervisor. Occasionally men in the study were assigned
emporary supervision of an area. Although respoansible for
8 of the work within an area, the supervisor typically had

l direct responsibility for active separ rion of aircrafe;
fiher 32 man assigned to the tecporary su, ‘{gory position

p primarily responsible for maintaining « izte staffing,
Brations on break, meal schedules, and the .vordination of

R perscnnel actjvities. This was not considered a journey-
position since it was supervisory, and a supervisor did

ft have 'egal control of aircrafte.

i Sector Tvpes. Our preliminary work alao indicated that

fp type of sector worked was a relevant component of workload
$urst and Rose, 1973a; Hurst and Rose, 1978b). Five types of
fctors were identified.

Arrival/departure sectors were defined as those in which
fircraft were accep-ed from a local controller at a tower or

Bt traffic was handed off to a tower or IFR room. The airspeed
B aircraft in such sectors was relatively low. The number of
Breraft could become quite high. The area of airspace cuvered
relatively small, and these sectors were low altitude.

& A second type of sactor was an enroute low sector, defined
0 sector i: which air space extended up to 17,000 ft., and
fthin which less than half the aircraft were transitioning.

e enrruta low sectors had relatively greater numbers of air-
Raft ‘lying at relatively s ow speeds in areas slightly larger
Ban thcae of arrival/departure sectors. Very often the majo-
ty of traffic in these enroute low sectors was general busi-
jos aviation rather than commercial airliners since the latter
4y much higher when they are enroute to their destination.

A third type of sector was the transiticn low suoctor. The
ansition low sector was characterized by altitude responsihi-
[ty below 17,000 £t., but within which the majority of air-
aft were climbing or descending. Typically this wes thae sec~
v to which en arrival/departure sector would hand off.

A fourth type of sector was the enroute high. defined as
paring responsibility for aircraft above 1/,000 ft., and with-
p vhich less than half the ctraffic was climbing or descending.
Bpically these sectors covered thousands of squars miles and
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were concerned mainly with commercfal aircraft on designated
airways emroute to their destination at a defined altitude.

In contrast to the enroute high sector, a transition
high sector wag ong in which a majoricy of planes were climb-
ing or descending in the aleitude strata sbove 17,000 ft,
Transition high sectors also Primarily handled commercial
airline traffic and were responsible for thousawnis of square
miles,

Percentage of Air Space Not Available. Finally, as sug-
gested by Arad’s work, our field technicians assessed the per-
centage of sector air Space not available for controlling he-
cause of either military or weather conditions. Unavailable

to other air space. In addirion, the military o~casgionally
blosl: off certain sections of airspace in order to conduct
military meneuvers. This reduces the amount of airspace with-
in which a controller can direct air traffic and increases
the density of operationa. ‘

These six variables were the main components of workload
which we decided to observe directly. A nwmber of other com-
ponents were derived from our fleld observations.

Components of Workload That Were Derived

Normalized Peak Traffic, A considerable amount of time
in the first year of the atudy was spent. in the facilities.
Two important observations were made. First, the air traffic
conditions varied widely among the facilit es, Sacond, the
controllers adapted to and reacted to their snviromments in
similar ways despite the different atr traffic conditions.
Consequently, we concluded that we needed a measure of aiy
traffic that would be comparable across facilitf{es and would

-
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Number of 13000 2840 1320 508 377 328 .
Observations
Mzan Pegk *## 4,33 2.63 3.11 24" 1.62 1.78 2.97 1.1
5.0, 2.65 1.84 1.76 1.76 1.23 1.38 1.49 1.17

F = 54,23 df = 7,23763 p <.0001

POSIT(ONS
Hand OFff/ Radar/ Check-ride
_ _ Greund Control Local Control Monitor Training

Nember of. 4622 15657 Bl 3410
Observations
Mzan Peak 3.51 .52 3.70 4,01
3.0, 2.5C o 2.43 2.09 . 2.51

F = 38.89 ¢f = 3,23767 p <.000

Arrival/ SECTOR TY/ES#H Tran.tifon EnRoute Transiticn

Departure EnRoute Low Low Hiah High

Number of 9291 1283 5765 3445 3569
Obszrvatlons v
Kean Peak .20 4,45 3.27 4,28 h.07
5.0, 2.15 2.72 2.26 3.09 2.58

F = 235.62 df = §,23748 p < .0001

* GF the 38,550 observatlons, 23,771 occurred on a working journeyman position (breaks, data coordinator and super-

visbr positions ware
** 23,753 observatlons;
REX Mean peak repressants
a2 Z-minute pericd.

excluded).

18 observations occurred on non-classiflable sectors and were excluded.

the mean of all observations of the maximum number of planes within an ATC's cantrol

W -'-.v—"--——-—-—- L I s b b i | e e e = ‘~ R . ’

SR danal T

during




183

The mean peak traffic was significantly different among
the different facilities, poeitions, and sectorx types, ranging
from 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 ground control) position
to a high of 4.0l at a training positiou, and from a low of
3.20 on arrival/departure sectors to a high of 4.45 con en-
route low sacters.

To control for thuse systematic differences, we devised
a measure that we called "normalized peak traffic." To accom—.
plish this we 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 calculatinns were based on a minimm of ten observa-
tions for each combination of the three variables. In cases
where fewer than t»n cbservations were avallable for a given :
combination, we took the next higher order mean and standard
deviation. The order of importance for this special step was
facility, sector, ard position from highest to lowest. All of :
the statistics for tae mean and standard deviation of peak '}
traffic by every combination of facility, sector, and position ;
are presented in Appendix I, Tables 46-52. :

Using these sgtatistics, we then calculated a normalized
peak traffic for each sample cbservation in a day. This nor-
malized peak traffi: was equal to the raw peak traffic of the
particular observation minus the mean peak traffic, divided
by the standard deviation of peak traffic, where the mean and
standard deviation were those of the facility/sector/ position
being worked when the peak traffic observaticn was made, as
in the following formula:

:en

NPT = PT of chservation - Mean PT of Faclility/Sect./Pos.

S.D. P.T. of Facility, Sector, Position

Tt S e et A

If no peak traffic observation wes made because the man was not
working one of the journeyman positions, then a missing value
was asaigned. This method of calculating a norwalized peak
traffic was the equivalent of calculating a standardized z-
score with a mean of 0 and a standard deviation of ore for

each of the 15 observations in a study day.

Therefore, the normalized peak traffic varisble reflected
the difference between the pesk traffiec at a particular point
in time and the average peal traffic that could be expected
for the facility/sector/position at that time. Since these !
normalized peak traffic measures were standardized in this e :

¥
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possible to compare men's response to change in
gardless of the facility, sector, or position they

'ther workload component variables were derived from
§ observations within a work day. _

8 Pesk Traffi~. The maximum peak traffic a man
ping the five hours of observation provided a measure
oun intensity of workload experienced. It was de-
highest raw peak traffi- count reccrded for a wman
d study day.

im Normalized Peak Traffic. This variable represented
t normalized peak traffic experienced by a man during -
j§1t vas defined as the highest normalized peak traffic
M5 but not {ncluding missing values. If a man never

¥ journeyman position as previously defined, then the
walized peak traffic was set to a oissing value.

in Pesk Traffic. A man could have a day characterized
e total number of planes and a high maximum peak traffic,
little variability. 1In order to assess variability, we

gf range in peak traffic woriload measure as the highest
piic count minus the minimum peak traffic count for a

Bidy day, where the minimum was not a missing value. This
us an indication of fluctuation in & man's workload, -

11 Normalized Peak Traffie. Similarly, we defined
¢ in normalized peak traffic as the maxiwum normalized
jffic for the day minus the minimum normalized peak

fsf the day, excluding missing values. Thus the range

flized peak traffic represented the fluctuatior in stand-
R workload.

m Congsecutive Time on Position. The arwunt of time

' on a4 joutneyman working position seemed an important

of workload. One measure of time on position was de~

the maximum nwmber of consecurive observation periods

al of 15) during a study day that a man worked a Journey~
fon without a breek. Thus this variable could range

ro, when a man never worked a journeyman position, to

M, vhen a man worked five hours straight without a break.

E
ftal Time on a Working Position. A ‘second method of evaly-
tine 28 & component of workload was the mmber of times,
salble total of 15 during a study day, that a maa worked

Journeyman position., This variable could also range from zeroc
teen,
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Training Time. One of the questioms to be answered in
accordance with our contract was whether or not training im-
posed a particular stress upon contrellers. Consequently, we
devized two measures of training load. The first measure was
the amount of time that a man spent doing live traffic train-
ing of developing controllers during the five-hour study day.
This numter could range from zero to fifteen, representing
zero to three hundred minutes.

' Training Work. We also assegssed the amount of work accoo~
 plished at the trailning position by using the peak traffic ~oa
"counts of the trainee., This was done by summing the peak "
traffic reading only for those sample observations for which v @
the subject controller's position was that of training.

; For both the training time and training work variables a

. missing 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 training time and training work variables :
vwere set to equal zerc rather than a missing value, - .'

Summary Work'oad Measures

The assessed and derived components of workload required
evaluation and organization into one or more measures represent-
ing workload for the day. Our measures of workload needed to .
account for absolute level, duraction and variability if we were : i
té demonstrate any relationship between workload and the level,
duration and variability of physiological rasponses to workload. - ; .
A5 a consequence of these considerations, asix major sunmary : o
f weasures were devised, '

- = g T

A large number of preliminary analyses were conducted in
| order to reduce and combine the worklcad components into the six
- BEMAry meagures presented and discussed below.

R R SRS

Paceload. Enceload was d»fined as the ogum of 1) raw peak
traffic recarded during the 15 2-minute observation periocds of
t a man's study day, 2) maximum peak traffic and 3) range in peak
traffic over the ntudy day. This measure included ma assessment
. of the absoluta mugnitude of workload, a measure of the highest
i absolute magnituda, and a meagure of variability.

Tabla 49 displays a comparison of pacelcad among the facilities
3 L in tha atudy in two random split-~haif samples. For these anslyses

' the man-day was the unit of observation and the entire set of 2500+
un-days wae randomly split into two, This method was used to in-

i sure that any significant results were replicabla.
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TABLE 49

Comparison of Paceload
Among Facilitiesw®

RANDOM SPLIT-HALF SAMPLE #1 (N=1302)

© SMALLER
NYARTCC BOSARTCC BOSTON TOWER  NYCIFR  FACILITIES
‘ 636 340 78 164 84
E e
beload 58.19 28.73 30. 14 37.26 18.58
] 21.99 13.73 15.12 , 14.39 8.23 . )
F=214.99 df=h,1297 p < .0001 z
RANDOM SPLIT-HALF SAMPLE #2 (N=1304) P
SMALLER %
NYARTLC BOSARTCC BOSTON TOWER NYCIFR  FACILITIES j J
635 348 a1 164 76
© 59.65 29.97 28.24 35.52 22.58
24.58 1h.03- 11.34 14.19 11.06

rking position,
dy day.

Railable man-days were used,
pad could be calculated.

F=187.29 df=4,1299 p<.0001

pnset, Otis, Providence, Bradley.
fceload = the sum of raw

Including sixth visits, N=2606, for which

peak traffic recorded while a man was on a Journeyman :
maximum peak traffic and range in peak traffic over the '

et e e e e,
NN .
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There was a sigrificant 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 Common IFR
(NYCIFR) was the second busiest facility. The Boston Tower
(Logan) and the Boston Air Route Traffic Contrel Center (BOSARTCC)
were apprudimately equal in their paceload and finally the
smaller facilities were substantially below the other facili-
ties in their average paceload.

Although expressed in units of planes, the paceload,
such as 58 plaues at the NYARTCC, represents an index of how
much work and how variable the work we3 in each of the facili-
tles rather than an actual number of alrcraft controlled.

Table 50 displays compariscns between controllers of three
age groups and three expertencte groups in two random split-hali
analyses. In both anslyses there was a significant rendency
for the oldest group of controllers to have a lower mean paca-
load. OQn the other hand, the difference in the mean paceload
between three experience groups was not sipnificant. The amount
of work accomplished during study days appeared, therefore, to
be more an age-related then experience-rela%ed phenomenon.

Figure E digplaya the change in paceload over the course
of ten chronological field studies. The vertical axis repre~
gsents paceload; the horizontal axis represents the visit num-
bers in chronological order. The nrmbers at data point on the
graph represent number of ren included at that point. As can
be seen in this figure, paceload decreased cser the £irst three
field studies and slowly rose to more than 60 aircraft, repre-
senting greater than 50Z increase in average paceload over the
course of the study.

It could be argued that the change in paceload over time
reflected differences in the bstween~visit fntervals for the
men. However, the graphing of days after intake into the study
againat field visits (Figure F} showed a near-linear relation-
ship between visits and days elapsed, indicating spproximately
equal intervals between visits., Therefore the displayed change
in paceload over the course of the study vepresents a real
changa ir paceload over the .en visits, not an artifact of
widely diffarent times between field viasits.

2) Normalized Workliocad. The primary reasou for devising
a norzalizred workload messure was to enable us to compare work-
load across facilitler in spite of their different enviromments.
Rormalized workload was defined &2 the sum of normalized peak
traffic, minm normalized peak trzffic und range in peak traffic.

[T
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‘TABLE 50

Comparisons of Pace oad
Among Age and Experience Grougsr

Random Spiit-Half Sample #1(N=1302)

Age{Years) Experience(Years)

25~ 34 35-38 33-49 37 10-14  15-20
by 392 469 430 493 379 ”
45.70 45,23 40.33 44.73 44.32 41.46 )
23.30 23,72 7589 24,16 22.92  23.04
F=7.37 df=2,1299 p<.001 F=2.31, dfw2,1299 p£ .10 5
Random Split~Half Sample #2(N=1304) f }
Age (Years) : Experience(Years)
[ 2534 35-38°  39-49 37 10-14 15-20
. !
F 434 404 449 k6o 461 383
t K6.57  45.00  42.67 45.92  Wh.59 k.97 i
| 25.96 23.02 25. 4 24.92 _ 23.47 25.77 !
| Fu2.82 df=2,1301 p<.06 F=1.49 df=2,1301 p>.20 1
j

Ballable man- days irere used, including sixth visits, N=2606,
lch paceload courd be calculated.

psd = the sum of raw peak trafflc recorded while a man was on a
‘ yn\an working position, maximm peak traffic and range in peak 3
¢ over the study day.
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CHANGE IN PACELOAD OVER
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- The normalized workload variable was calculated first in A standard
b gcore from (mean = 0, standard deviation = 1) and then was con—

[ verted to a ccale where 500 represented the mean normalized work-

k' load across all men and all visits, with a standard deviation of

x 50.

4 Table 51 displays a comparison of normalized worklocd among

p facilities in two random aplit-half samples of over l1o00 man-days
£ of observation. In both samples, as expected, there was no signi-
b ficant difference between facilities; an average normalized work-
. load 71 one facility was equivalent to the average normalized

i workload in another facility. ‘

Table 52 displays a comparison of the normalized workload
jamong age and experience groups. Again the analysis was done as
ftwo random split-half samples. In the first raudom sample there
kwes neither a significant difference in the pormalized worklcad
tbetween three age groupa nor between the three experlence groups.
I0n the other hand, the second sample indicated a significant dif-
tference in both age and experience groups, where in both cases
ithe middle of the age range and the middle experience range
Bahowed a significantly lower normalized workload. However, since
khese resuits were not replicated in the two random samples, they
gpay be regarded as chance variation. We concluded thai “here was,
P systematic evidence of either older men exceeding youuger men
pr the reverse in normalized workload over their entire peried o
Rime in the study. - '

The normalized workload across 10 field visits in chronolo~
ical order is graphed in Figure G. As can be seon, the normali-
jad workload decreasaed over the first three visits and increased
per the remaining seven visits. Although this graph is of nor-
Bl{2ed workload, it is very similar to the paceload graph de- |
ficted in Figure E. The normalization procedure did not alter
fhe changing trend in workload over ten consecutive field visits.
f 3} TIimeload. The variable, "timeload," was deduced from

| number of preliminary analyses indicating that the two time
bmponents of workload, maximum consecutive time on posftion end
gptal time on poeition, were ralated more to one another than

p the other components of workload. Consequently, timeload was
mputed as the sum of meximum consecutive time on position and
ptal time on position. The resulting numbers are in units of
f-ninute periods, such that a timeload of 10 represeats ten
luinute perisds or a grand total of 200 mi{nﬁtea.

Table 53 displays a comparison of the timeloads among the
pilities in the study. Both split-half sampies produced &
jnificant difference in the timeload messured at the facilities.




TABLE 51

Comparison of Normalized Workload
Among Facilitias®

Random Split~Half Samples #1 (N=1302)

BOSTON SMALLER
NYARTCC = BOSARTCC TOWER NYCIFR FACILITIES**

636 340 78 164 84

497.93 498.14 503.22 501.58 490,72

53.21 b4, 25 50.26 46.61 38.87
F=.95 df=4,1297 p>.50

Random Split-Half Sample #2 (N=1301)

SMALLER
NYARTCC  BOSARTCC BOSTON TOWER  NYCIFR  FACILITIES
633 348 81 163 76

503.53 499.69  496.91 498.76  507.82
55.90 4s.87 (34.84) (43.60)  46.18)

F=.94 df=k, 1296 p>.50

"'}- vailable man-days were used, Including sixth visits, N=2603 , for
i normalized workload could be calculated.

nset, Otls, Providence, Bradiey

firnaiized workload = the sum ¢cf normalized peak

traffic, maximum
Proalized peak traffic and range In peak traffic '
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TABLE 52 123

Comparison _of Normalized Work load
Among Age and Experience Groups#

Random Split-Half Sample #1(N~1302)

Age (Years) Experience (Years)
25-3% 35738 35-49 37 1o-1h T i5-39
44 3oz 469 430 493 379

500.32 495 .85 498,35 496.95 498.56 499.38
49.07 48.48  49.83 49.48 48.28  50.03

F=.86 df=2,1299 p>.50 Fu.26 df=2,1299 p> .50

Random Splic-Half Sample #2(N=1301)

Age(Years) Experience (Years)

25-34 35-38  39-49 37 10-1h 15-20

449 403 449 458 W60 383

506.47 498. 41 s00.01 506.66 498.02 500.34
50.08 50.34 51.59 50.11 49.38 52.82

Fe3p5 df=2,i298 p<.o5 Fu3.55 dfmw2,1298 p<.03

le_man-davs were used, including sixth visits, Wm2603, for
lized worklcad could be calculated.

fworkioad = the sum of normalized peak traffic, maximum
Lpeak traffic and range in peak traffic,
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FIGURE G

CHANGE IN NORMALIZED WORKLOAD
CVER TEN FIELD VISITS

! T T r T
2 3 4 5 6 .7 8 9

Visit #
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-
-

Mote: '
The number sbove each dsta point is equal to the

nuriber of man-daye used to compute the aversge
normalized workioad at each visit, o




TABLE 53

Comparison of Timeload
Among Facilities*

B Random Spiit-Half Sample #i(N:l}OZ)

195

SMALLER FACILITIES#*

NYARTCC ~ BOSARTCC JOSTON TOWER  NYCIFR

Bation Days 636 340 78 164

84
13.79

| B e 1oadi 15.66 11.87 13.21 13.96
; = 306 371 3.72 3.49

375

F=70.54 df=4,1297 p £.0001

Random Split-Half Sample 22 (N=1304)

NYARTCC  BOSARTCC BOSTON TOWER NYCIFR

SMALLER FACILITIESH*

e of

635 348 81 164

Pvation Days 76
15.50 12.28 33.51 ,IZ.QB 12.12
3. 46 3.75 3.69 3.66 3.42

F=49.97 df=k,1299 p< 0001

i

Jpload could be calculated.
pnset, Gtis, Providence, Bradley

§ position.

w

'available man-days were used, Including sixth visits, N=2606, for which

freload = sum of maximum consecutive time on position and the total time
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] 'rhe New York Air Route Traffic Control Center had the highest
[ nean timeload. The Boston Tower, the New York Common IFR Room

§ and the smaller facilities had approximately equal timeloads,
j and the Boston ARTCC had the lowest mean timeload.

Table 54 displaya a comparison of the timeload among the

| séveral age end experience groups. The results for the first

b tandom aplit-half sample indicated that there was a significant
1 -difference between both age and experience groups. The oldest
- and the mcst experienced groups had significantly lower time-

§ losd. 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 variable. The same trend was, however, apparent in

: the second sample: the oldest group and the most experienced

j group tended to have lower timeload.

The mean timeload over 10 chronological field visits is

. graphed in Figure H. As with the paceload and normalized work-
' load variables, timeload decreased from the first to the second
" visits, but while workload continued to decrease, timeload began
E to pickup between the second and third visits. The remainder

i of the figure shows that timeload generally tended to continue
I increasing over the remaining field studies, '

;
v
i
1
:
3
:
].
i
I

‘ Comparison of Figure H with E and G shows that the total

. amount of time men spent on poaition and consecutively on posi-
j tion increased very rapidly in advance of changes in either of
¥ the trefffc workload variables. Timelosd was characterized by
| rapid rises followed by a leveling off, which would seem to sug-
I gest au adaptacion. It would seem that the men spent more time
. on position to copa with increased traffic, but after & while,
. their time on position leveled off, perhaps iadicating greater
efficiency. After o while at the szme timaload, the traffi:
workload increased sufficiently to cuuse the men to increase
their time or position again, after which it leveled off.

. 4)  Arad Workload. Analyses reported in two previous studies
f caused us (Hurst and %.se, 1978a, Hurst and Rose, 1978b) to de~
¢ide to calculsi+ » summary measure of workload based on the
formulations of Dv. Arad, a physiclst who worked with the FAA

to davelop & theccetical frumework for assessing what was called
airspace control load (Arad, 1963, 19%944a, 1964b). The previous
two atudies used data from all of the sectors involved in the
present haalth change study and in addition, from all of the radar
rooms at major airports in the U.S5. The results of those studigs
indicated that Arad airspace load 'vas best estimated by the number
of transitioning aircraft plus a weighted index applied to the

¥
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TABLE 54
Comparison of Timeload
Among Age and Experience Groups* : ‘ S e
Random Split-Half Sample #1{N=1302)
Age (Years) Experience (Years)
25-34 35-38 39-49 37 10-14 15-20
bon Days  4h1 392 469 830 . 493 379 ”
- ¥
load ** i4.50 14.59 13.56 4. 48 14.3¢ 13.65 _
' 3.55 3.79 3.88 3.56 3.88 3.82 :
F=10.34 df2,1299 p<£.0001  Fe5.56 df=2,1299 p<.005 i
Random Split-Half Sample #2 (N=1304) P
Age (Years) Experience (Years) i
25-34 35738 39-49 3-7 10~14 15-20 :
o Days 451 404 449 . h6o 461 383
oad**  ah36 w23 1382 15.27  14.22  13.84 !
3,86 3,88 3.76 3.88 3.68 3.96
Fe2.27 df=2,1301 p>.10 . F=1.51 df=2,130! p>.20 !
i

man~days weare used, including sixth visits, N=2606, for which
jcould be calculated.

f sum of maximum consacutive time on position and the total time

il e
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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-
space load calculated from complete data. Consequently we
attempted to use the simplified Arad workload measure in the
health change study.

The weights applied to different types of sectors, how-
ever, included a -12.84 for arrival/departure sectors because
they tended to have very asimple traffic patterns with many air-
' - eraft, whereas other types of sectors generally had fewer sir-
craft and mcre complex air traffic patterna. Because of this
fact, the regression analysis gave a negative weight to arrival/
departure sectors. The results of this negative weight on the _
overall calculations can be seen in Table 55. - :

Table 55 displays a compatrison uf the Arad workload across
facilities in two random split-half samplec of all man-days of
observation. Both analyses indicated a significant difference
in the Arad worklcad in the various facilities, Illowever the .
differeace seems primarily related to those facilities with many
arrival/departure sectors compared to those without mezny arrival/
departure sectors. The Boston Tower, the New York Common IFR
Room, and the smaller facilities all have a predominant number
of arrival/departure sectors and their Arad workload reasurements
vare high negative numbers, whereas Che renters had high positive :
workload measures. These results indicated that the simplified 4
Ared workload computation probably would not be useful in the
present study, since it was unsccepinrbly blased by the weight for
arrival/departure sectors.

s E e
L -
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Table 56 displays a comparigon of Arad worklcad acrosa age
and experience groups in two random split-talf samples. The
results show no systematic significant differences betweer age
groups or experience groups. In fact the pattern of results
is not even repeated from one saople to the other., Again, these
© results suggested that the Arad workload measure waz not parti-
- cularly useful because it varied so much from cne sample to anothar
- apd in addition, was highly influenced by thsa proportion of
* arrival/departure sectors in facility. Therefore, we decided
not to use the Arad measure in continuing anszlyses.

L R a:\ﬂﬁ.}u‘;ﬂm’c',.« i

5} Time Training. Another ona of our sumuary measvres vas -
a derived component discussed earlier. The amount of time spent X
in training during a day was consideved both a component of work- :
load, and a summary assessment of & particulsr typa of work., It :
vae used in both ways, Table 57 displaye a comparison of tima }
training across facilities in two racdom split-half samples of !
E all wa~daya of obaervation. The analyses replicated one anothar I
“and showad that there wers sig=ificant differences in the amount
|




TABLE 55

Comparison of Arad Workload
ACross Facilitiesk

Random Split-Half Sample #1 (N=1102)

frorkload could be calculated.
Bset, Otls, Frovidence, Bradley

Jiied to the five types of sectors,

BOSTON SMALLER
NYARTCC  BOSARTCC TOWER AYCIFR  FACILITIES#*#*
Sof
tion Days 636 340 78 164 4
d #ak 217.96 43408 -B03.49 ~1035.16 ~807.62
' 1032.42 _ 374.0h 51437 3546.78  533.28
Fe43.52 dfs=b,1297 P~ . 5001
Random Sptit-Half Samule #2 {N=1304) :
BOSTUN SMALLER
NYARTCC  BOSARTCC TOWER NYCIFR  FACILITIES##
 of | -
Betion Days 638 348 81 164 76
ad -
Rad ik 239.89  456.22  ~753.07 -1050.37 ~759.56
: 1072.68 _ 394.5g 416,10 3420.21 81341
Fe45.39  dfeb, 1311 p < .0001

Bvallable man-days were used, including sixth visits, N=2606, for which

M workioad - number of transitioning afrcraft pius a weichoed Indax
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pays

vailable man-days were used
phich Arad workload could ke calculated.
work1osd « number of transitioning
Fappliiod to the five types of sectors.
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TABLE 56

Comgarison of Arad workload

Across Age and Experiencs Groups#

Random Splft-HalfVSample #1(N=1202)

Aée(Years) . Ex eéience Years)
25-34 35-38 33-49 3-7 10-14 15-20
uh 392 469 430 493 379
~25.60 37.51 -33.36 61.49 ~113.95  47.67
2372.10  948.91 _ 876.90 928.48  2357.68 8869

F=.26 df=2,1299 p>.50 F=1.81 df=2,1239 p=<, 20

Random Spilt-Half Sample #2(N=1304)

Age(Years) R Experiance (Years)
25-34 35-38 39-53 37 10-14 . 15-30
4s 4o4 449 460 461 383
3948 2347  -13.99 CAL36 -123.97 148.83
901.09 996,38 2229.86 888.490 2230.0} 959.37

Fa,17 dfez2,130] p>.50 F=3.40 df=2,130! p<.,04

Including sixth visits, Nw2606.

aircraft plus » welghted

o e b
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TABLE 57

Comparison of Time Tralning
Accoss Facllitiesnw

Random Split-Half Samole #1(N~1302)

. BOSTON SMALLER
NYARTCC BOSARTCC TOWER NYCIFR FACILITIES**
of ’
rvation Days 636 340 78 164 84
Time
hg Aak 1.91 62 1.12 1.01 .68
3.15 V.61 1.83 2.11 1.63

Fe15.5h  df=h, 1297 p<.0001

Rindom Split~Half Sample #2(N=1304L)

TOSTON " SMALLER
NYARTCC  BOSARTCC TOWER NYCIFR  FACILITIES#*
Bor of ‘
rvation Days 635 348 81 164 76
h Time -
ining % 1.84 A7 142 1.14 58
" 3.30 1.31 2.00 2.46 1.70

Fe16.98 df=4,1299 p<,0001

'I svailable man-days were used, Including sixth visits, N=2606, for which time
jaining could be calculated,

uonset, Otls, Providence, Bradley )
me training = time spent In training developmantal controllers, with the units

ging from 0 to 15, representiag 0 minutes to 300 minutes (all 5 hours of
hservation on a study day).

BBl et e R
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of time spent treining im the various facilities in the atudy.

3 Men in the Boston Alr Route Traffic Control Center and in the.

B smaller facilitlies spent a significantly lesser amount of time

f train’ug than men in the other facllities. Men in the New York Air
Route Traffic Control Center spenr the most time training.

: Thc rasults in Table 57 indicate that the men spent anywhere

i between 20 miautes and 2 hours training controllers on the job each
|| day. Clearly, training developmental controllers on the fob was an
irportant ard common task for al: traffic controllers, particularly
in the busler and larger faciliiies,

Table 58 displays a comparizon of time training across age and
" experience groups. . The oldest and the most experienced air traffic
controllers spent the least cmount of time in training developmental
controllers.

These results were consistent and replicable and were somewhat
surprising since cur expoctation was that older and more experienced
controllers would be the ones providing training for the new develop-
mentals. However, our resalts suggest *hat this was not true. A
nunber of reasons could be posited for this finding. Results pre-
sented elsewhere in this study suggest that training is a difficulrt,
arduous and disliked ‘task for many contrellers, and it may greatly
tax the controller’s abilities and flexibilicy. Further, senior con-
trollers may see this as a task foo younger controllers dus to these
factors. Hence oldc. controllers may svoid training. However, wa
do not really know the reasor for thsse findings.

6) Work Training. The mmount of work training alsc was both
a4 derived workload component and a summary measura, We calceulatad
the amount of work while training as the simple sum of peak traffic
controlled by the traines while the observed controller was provid-
ing the training.

Table 59 displays a conparison of the amount of work while
training at the varlous facilities in the study. Again the snaly-
ses were accouplished in two randem split-half samples in order ta
test fot replicable effects. The results show that trainees at the
New York Afr Route Traffic Contro)l Center handied a aigunificsatly
larger number of aircraft than trainees at the other facilities in
the study. The Bogton Tower and the New York Commwon IFR Room han=
dlzd somevhar leas traffic while trainees at the Boston Air Routa
Traffic Concrol Center and at smsller facilities handled tne fewest
number of aircrafe.

Table 60 shows the coaparison of the arount of work while

training acroas the sage and experience groups of the obrerved con~
trollers giving the tralning, There was a significant differance

el
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TABLE 58

Comparison of Time Training
Across Age and Experience Groups*

Random Split=Half Sampie #1{N=1302)

Age (Years) Experlence(Years)
Brervacion Days 41 392 469 430 333 379
:?an Time i |
¥ Thing #* 1.51 1.62 .92 163 1.37 .94
2.79 L1 2.2 2.87 2.8  2.33

F=8.52 df=2,1299 p<.0004 Fu6.55 df=2,1299 p<.002
Random Split~Half Sampie #2{(N=1304)

Age(Ymars) Experience{Years)
Bunber &f 7 '- '
Muservation Days k51 Lo4 Lisg héc her 383
i-an Time
fraining #x 1.45 1.32 1.09 1.50 1.23 1.10
2.82 2.86 2.41 2.83  2.75  2.46
F=2.00 df=2,1301 p<£. 1§ F=2. 44 df=2,1301 p<, 10

Il available man-days wera used, Including sixth vislts, N= 2606, For which
“time tralning could be calculated.

:;ﬂme tralning = time spent in training developmental controllers, with the
i units ranging from 0 to 15, representing O minutes to 300 minutes (all £ hours
B of observation on a study day).

i
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TABLE 5%

Comparison of Work Training
Across Facilities*

Random Split~Half Samgie #1{N=1302)

BOSTON SMALLER
‘NYARTCC BOSARTCL TOWER NYCIFR FACILITIES#*
MNumber of :
Observation Days 636 340 78 16k 84
Mean Work 8.50 1.78 2.50 ‘ 3.35 = .86
Trainingf**
5.D. 16.52 5.07 L.02 7.65 2.39

- F=23.09 dFf=4,1297 p<4.0001

Random Split-Half Sample #2{N=1304)
BOSTON SMALLER
NYARTCC  BOSARTCC  TOWER NYCIFR FACILITIES#*
Number of
Observation Days 635 348 81 164 76
Mean Work .
Trainingtr# 8.33 1.29 3.19 3.61 1.18
s.n. 16.13 4.03 c,67 8.28 3.93

F=23.83 df=4,1293 p<,0001

*All available man-days were used, including sixth visits, N-2606_, for which work
training could be calculated. ' :

**Quonset, Otis, Providence, Bradley.

***Work training = sum of peak traffic controilled by the trainee while the observed
controller was providing the training.

et et M i . At e+ 1




TABLE 60

Comparison of Work Training
Actoss Age and Fxerience Groups=*

Random Split-Half Sampie £1{N=1302)

Age{Years) Experience(Years)
Days bk 392 469 430 493 379
5.88  6.67 3.k 6.58 530  3.65
12.57 14,91 10.07 13.93 12.88 10.29

F=8.11 df=2, 1299 p<.0006 Fe5.68 df = 2, 1299 p=<.004

Random Split-Half Sampis #2 (N=1304)

Age(Years) Experience (Yeérs)
75-3% 35-38 39-59 37 10-1% 15-30

b oays 451 Koy Whg 460 461 383
5.99 5.06 5. 40 5.88 4.99 4.37
12.94 12.60 11.48 12.62 13.04 11.10

F=1.67 df=2, 1301 p<.20 F=1.61 df =2, 1301 p<.20

jallable man-days were used, including sixth visits, N=2606,
jhich work training could be calculated.

_raining = sum of peak traffic contr.!led by the trainee while
served controller was providing the training.

Ll
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betweer the age and experience groups in how much traffic their

trainees controiled. One of the analyses shows that the differ- . -
ence was highly significant in that older and more experienced

controllers did not have their trainees handle as many alrcraft. .

The second split~half analysis showed the same general tread al- _ -
though it was not statisticslly eignificant. Consequently, we can

say only that there was a tendency for the trainees of older and

more experienced controllers to handle fewer aircrafe.

The difference in the number of afrcraft handled by the traln-
ees of controllers in different age and exyerience groups can be
explained particularly by the fact that the older and more exper-
ienced controllers did not spend much time giving training. The
number of aircraft handled by the trainees may have been a function ’
of time exposure rather than of restraint by the tralning controller
in allowing the trainee to handle planes. '

Reliability and Stability of Summary Workload Méasurés

The summary workload measures were all based on asgessmenta
of particular components of workload as previously discussed. Cou- ‘ )
giderable effort was expended in learning how to assess peak traf-
fic, transitioning planes, weatlter, and so on. Before we began the
field studies, we held a large number of training asessions with the
medical technicians who were to make the observations in the field.

We coaducted a final series of 99 observations with 4 medical tech~ :
niclans and the sendor investigators of this.study. The .intraclass !
rellabliity coefficients ranged from .93 to .99 for the asgessments
of pe=i traffie, transitioning traffic, proposals, percent of wea-
ther or military blockage, sector clasgifications end position
clagaifications. Consequently we can be reasonably sure that the

components from which the summary measures were derived were reli-
ably assesged.

e - e ey

As medical technicians joined or dropped from the study team,
new tech.dcians were trained to the same standards., No one was
allowed to make formal field sssesmments uatil he had a demonstra-~
ted reliability of over .9 with the continuing technicians and in
particular with the chief medical technician. Typically this train-
ing took approximately a mouth since a new technician had to becoue
familier with the terminology and the reading of the rader equip~-
aent to make the asseasments correctly.

The sumary workload measures themselves were based not only
on the directly sssessed components of worklcad such as the observed
peak traffic but also on derived components such as maximus peak
traffic, calculated by computer and therefore antirely accurata. :
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. Another question of some comncern was the stability of workload.
i We were interested in whether or not the amount of work performad
I was consiscent over time for individuals.

Table 61 displays the correlatlons between paceload, normalized
. workload, timeload, time training and work training over the fir..

E three visits. Paceload and timeload were significantly related from
- yisit to visit for individuals. Time training and work training

| were only marginally stable between the first two visits. Finally,
t normalized workload was mot significantly correlated from visit to

[ visit. '

: Considering the differences presented earlier between facili-

" ties in paceload and timeload, and the inconsistency of nommalized

¥ workload from visit to visit, we concluded that the relative coon~

£ stancy of the paceload and timelosd messures from visit to visit was
. primavily the result of the constancy of traffic conditions and time
b requirad to handle the traffic in the various facilitier The corre-
§ lational results shown in Tabl~ 61 reflected the constancy of en-

. vironmental conditons rather than the constancy of workioad for in=-
f dividuals, Once we took into account the syatematic differences
between facilities in pealk traffic and the amount of rime worked,

- there was no association of workload from visit to visit (e.g.,
using normalized workload). Howaver, some individusls were none-
theless relatively consistent.

To obtain the best and most stable measure of workload per-
formed by individuals, we devised varisbles vhich represented the
average workload acress all of the field studies . of a given indi-
vidual. These variables gave the best estimate of the average
amount of work perfomed by an individual even though the work per-~
f formed on given days varied considerably. In later sectioms of
g this report, the reader will occasionally mote varishles called aver-
age paceioad, average normalized worklead, aversge timaload, and so
forth. ZYThese average meaguresd of summary workload refer to the aver-
age acrogs all field gtudies for given individuala. Tu other sec~
tions of the report, the notation might be normalized workload visit
1, visit 2, visit 3 and so forth. 1In thesa cases the workload mea-
sures specifically refer to a yiven observatiou day and not to tha
entire series of field studies.

Relaticnship Between Workload Varisbles

Table 62 diaplays the correlations between the summary woerkload
measures at the first and second field studies for blood pressure.
The results were essentially rhe same for both visits and hence the
relationships were highly reliable.

Rormrlized workload was significaatly falated to paéalold and

work Ireining. It was not siguificantly related to tiaslosd or tine
training. HenCe wormalized workload was mout clearly relsted t) the

i ." 2202 ST
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Summary
Worklcad Measure

TABLE 61
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Stabllity of Summary Workload

Across The First Three

First Study
With Second

Fiald Studies

Correlacions
prreragcions

Second Study

Mith Third

First Study
Yith Third

Paceload | JGghk S0xke 4gkaw
Kormalized

Workload 10 10 .08
Timeload 3 2 THNR L 26%kn SRk
Time Tralning® J12* .09 .08
Work Training 3 21 11 .03

* p< .05, 2-talled
*% pc .01, 2-tailed
*tx p< 001, 2-tafled

N=278 - 329
2 N= 280 - 331
3 %= 280 -33
L N =238 ~340
L N = 288-340
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;I) Norms11zed Workload
fi) Paceload

(3) Tineload

() Time Tralning

;G} Work Tralning

4 p< .05

Pik pe 01
:*** P< '001

(1) Hormalized Workload
;(2) Pace load

1 {3) Timeload

{4) Time Traleing

= (3) Work Tralnlng

:. p <.05

[ %% p< .01}
| #4% pe 001

TABLE 62
Correlations betwaen
Summary Workload Heasures

Firse Visit, Me373

(1) (2) (3)
1.00

STRRR 1,00

-.0b4 Saxxk 1,00
.00 «20%k L2ukn

12% J2hhn «20%%

Second Visit, N=138

ffgo (2) (3)
L60%* 1,00

.05 L5G%kx 1,00
.05 L2k 22e%
(264 hhea . 20k

(4}

1.00

LG20A%

(4)

1.00
Blyran

(5)

1.00

(s)

1.0)

B i R T
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amount of work performed and not to the amount of time a map had been
gitting at a position. : :

Cn the other hand, paceload, whic!. was based on raw peak traf-
fic measures, was significantly related to every other measure of
workload. The strongest correlation was with normalized workload,
but it was as stromgly correlated with timelcad. MHence, paceload
had two major dimensiona, the amount of work as well as the smount
of time being worked. raceload ulso was related to time apent
" training and work training, both of which t:ould be components of

-paceload on days that a man, in fact, did traiaing.

Timelosd was significantly related te paceload, time training
and work training, but not to normalized workload. It was most
highly related to pacclcad and had a low magnitude correlationm with
time training and work training.

Work training and time training were vefy highly correlated
with one another but they were only slightly ralated to other mea-
surés of workload.

These correlational results indicated that thie workload mee-
eures were ielated to one another, but they were not so highly re-
lated thag any one could be used as the sole measure of workload.
Rather, each of these summary measures represented some dnique
dimension of overall workload. Consequently, throughout the re-
mainder of this report, these summary workload measures wil) be
evaluated 29 gseparate indicey of the amount of work s man performed.

As noted esrlisr, for some purposes in this sr-dv, -we have
uaed the avcrage normalized workload, the average paccload and the
average timeload for men over as many as 10 or as few s8 3 field
visits. These aversge summary workload measures provided relatively
stable indices of .ow much work a man did on the avecage. Other
analyses used the normalized workload, paceload and tireload for a
given field visit with Jefined characteristicg. In these instances’
the actval value for the particular field vioit was used.

T e i kb Al S e P
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SUMMARY

Psychological and Behavioral Measures at Work

To ascertain whether or not moods of the ATCs at the beginning of
a work day were related to, or modified, work performance, behav-
ioral or physiological response, a highly reliable instrument for
mood assessment, the Profile of Mood States (POMS), was adminig=-
tered. Comparisons of ATC scores with male college student norms
revealed that the ATCs started their work days with about as much -
_ positive mood state as the students, and with far less negative
mood atate. No differences in mood levels between facilities, age
or experience groups were noted, except that more experienced men
felt more friendliness than less experienced men. No significant
linear correlations were obtained between any of eight moods and

To ascertain possible relationships between behavioral arousal

while working, workload, and mood states, behavior was assessed

at work by use of a Behavioral Rating Scale devised for the purpose.
Most of the ATC behavior on the job was found to be in the low
moderate range of activity and arousal. Total behavioral 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 performed. Behavicr
during the work day was very little affected by mood states at the
beginning of the day.

To ascertain the influence of perceptions of difficulty or ease of
a work day on other responses, the ATCs were asked to f£ill out a
17-item Subjective Difficulty Questionnaire after work on the days
. that their behavioral and phygiological responsas were studied and
their worklcad was assessed. Only two facets of the work day were
considered above sverage in difficulty: giving on-the~job training
and participating in the field study itself.

Baned on the first three field studiee, 70X-75% of the ATCa con-
sidered the day they were atudied to be mveraye, and 8%-11%1 above
average, in difficulty. Perception of difficulty wag moderately
related to objective measures of work accomplisbment,

An additional predictor variable was created: psychologlical ves-
I ponse to work, which was the difference betveen perceived 41ffi-
} culty and expected difficulties bxsed on worklocad assizsament.

i A mood of friendliness before work was velated to a percepeilon of
| less difffculty over the day. No over moods were found to be re-
" lated to perceptions of difficulty of the work.

b
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8. Pasychological and Behavioral Measures at Work

In additicn to the objective measures of work, we were inter-
sted ia certain psychological and behavioral measures., We wunted
ko investigate whether an ATC'a mood at the beginning of the day,

his behavior during the day, or subjective response to the day vas
¥elated to, or modified, his propensity for physiological responae,
sither at work or in terms of illneas over the course of the study.
ionsequently. we included in cur field studies self-reports of mooda

arid job difficulty aa well as assessments of behavior on the job by
¥teained ob~.ivers,

HMoods At Work
E A large nucber of methods and instruments for mood assesgment
fwore available in the psychological literature. One cf the best
aiidated and mout reliable instruments for this purpose was the
rofile of Mood Scates (POMS). The POMS was originally devised to
-49sess Six mood states: tension/anxiety; anger/hostility; fatigue;
epresafon; vigor and cunfusion (McNair, Lorr, and Droppleman, 1971).
' These six mood scales were devised on the basis of many studies of
atients, college students and other adults in natural as well as in
experimental settings. In all of these settings, and with these
various subjects, it was found that these six mood scales were con-
sistently and significantly relate” to other measures' of the same
& woods as well as to mood states caused by experimental provedures
using psychotropic medication, stressful films and stressful events.
In addition, these scales were repeatedly created in ¢

actor analvees
of the items conprising the POMS. :

At the beginuing of the fileld studies we were advised by the
senlor author of the P(MS (Dr. McNair) that two new scales were be-
ing used with it. These new scales asaessed moods of friendliness
and elation. They were experimental ascales, but the author thought
that they might prove to be valuable. Therefore the POMS am used

in this study included eight scalem, the original six and the two

new experimental onres, comprising a total of 78 items. A subject
indicated how he felt with respect to each item at the time of admin-
istration, according to a scale running from O (not at ali) to 4

(extremely). The items were descriptive adjectives such as friendly,
tense, happy, angry, worn-out, and so on. .

In the field studies, tha controller to be studiad for a day
was randomly selected by a medical technician. After agreeing to be
studied, the controller immedistely ccmpleted the POMS. In this way
ve sought to control for possible modifying effects of the eight

moods on a man‘s physiolcgical responses, workload or subjective
tesponses to tha day,

-
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Table 63 lists the nsmes of the eighc mood scales and the reli~
ahility figures reported by the original authors as well as the test-
retest reliability cver a nine-month period of. time for controllers
in this study., The table shows that the internal consistency of the ] i
scales 1s quite bigh, indfcating accuracy of assessment., In addition !
the table shows that the moods were variable over time, as one would ) o
expect for state variables, with the stability coefficients ranging
from .38 to .6l over 9 wonths. This is exactly the range one expects
for atate measures. Thus, we were confident that the POMs wa> appro-
priately assessing mood atates.

The POMS scales 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) beczause chey
would be more similar to our non-patient group of air traffic control-
lers than would samples of psychiatric patients even though the college l
students would be approximately sixteen years ycunger on the average.

To score the POMS we used T acores with a mean of 50 and a stan- )
dard deviation of 10. Thus a score of 50 would correspond to the
average of the male college students on a given acszle., A score of
less than 40 would be obtained by less than 172 of the college males, ‘ )
and a score of greater than 60 would be obtained by less thau 17% of
the college males. The average range for T~scotes 1s 40 to .60. Thus.
the descriptive results that follow are in comparison to zollege
student males using T-scores,

[N

Table 64 displays the descriptive results for rhe friendliness
and teusion/anxlety scales of the POMs on the f£irst three field i
studies. The results for friendliness indicated a strong similaricy
to the proportion of college males whoe would score low, averaga, and
very high. This sim‘laricy was also reflected in the overall mean
which wa+ 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 80X of the ATCa experienced
very low tenalon/auxiety at the beginning of the day. Approximately
15Z to 18% experienced tension/anxiety, in the average range, Very ;
few (lesa than 1%) experienced tenaion/anxiety in the very high ' :
range. The overall mean on each of the fisld study days was substan-
tially below the normative average of 50.

Table 65 displays the POMS results for tha elstion and anger/ © s
hostility srales. Approximately the same proportion of controllers i
experienced an elated mood as of normative college atudents. On the
other hand the controllers experienced lesa anger and aocatility than
college students, Very few were very angry at the beginning of any
of the firat three field study days. Again the resulte were very
consistent across the three studies. :

.-
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TABLE 63
Profile of Mood States(POMS)
Mood Names, Internal Consistency, and Stability
! 1 . 2 : -
Internal b-week 9 month™
Consistency Stabillty Stabllity
B ress N/A¥ N/A .61
j/nxiety .92 51 Y
N/A N/A .56 :
Bosti ity .92 .53 .40 T
B ' S .38 % SR
ion 95 kg 47 S i
.89 43 .57 . , - S|
.87 .52 - .45 L !
4 . i 2
E ; e '
P not avalilabie. These were new experimentsl scales. i ﬁL
B ' ‘ i
it + |
fchair, Lorr, and Droppleman (1971) X :
S !
W64 alr traffic controllers !
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TABLE 64

Descriptive Statisties
and |
Distribution of Men f£x eriencin
Friendliness at the First Three Field Studies
gccording to the Profile of Mood States

. First - . Second Third

. Score Field Study Field Study Field Study

by low ( € 40) 23.1% C23.42 21.8%

frage (40-60) 65.7% 67.8 65.1%

Py high (> 80) 11.2% 8.82 13.1%

ir of Subjecis 385 364 | 344

all Mean 47.54 46.64 47.28
f]I'S.D. 11.01 10.97 10.81

Descrlgtive Statistics and Dis;rlgg;ign
of Men Experiencing Tension/Anxietx
at the First Three Field Studias
according tc the Profile of Mood States

1 First Second Third

core ield Study Fleld Study Field Stud

T eT) A T & R
(40-60) 18. 4% 18.3% 15.8%

figh (> 60) 5% .33 .32

bor subjects 385 366 7

3 Mean . 33.88 34.30 33.69
 §.0. 6.77 6.59 6.01




TABLE 65

Descriptive Statisties
and
Distribution of Men Experiencing
£lation at the First Thres Field Studies

according to the Profile of Mood States

3 First ‘Second Third . ' a !
hre : Field Study Field Study Field Study
j (< 40) 18.23 15. 4% 15.93
 (46-60) | 68. 83 70.8% 69.7%
{>60) 13.0% 9.8% 14,43
b subjects 384 366 347
Mean 48.49 48.03 49.36 -
§.0. f0.64 10.60 10.78

Descriptive Statistics ard Distribution
of Men Experiencing Anger
at the First Three Field Studies -
according to the Profile of Mood States

First Second - Third f
Field Study  Field Seudy Fleld Study P
f<10) 55.63 57.4% 54, 43 f
0-60} h1.8% . h9.9% 42.7%
(>60) 2.6% 2.7% 2.9%
Bubjects 385 364 344
i h1.18 b1.45 41.51 »
' 6.85 7 5% 7.02

[ ¥
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) tTable 66 displays the results for the POMS fatigue and depres-
sion scales. DMore than half of the wen experlenced very little
fatigue at the beginning of the field study day. Approximately 40%
scored In the average range, and lesas 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 the study day. Approximately 30X scored in the average range, and
less than 3% had a depressed mood in the very high range. Again
these results were consistent across the first three field studies.

Finally, Table 67 displays the results for the POMS vigor and
confusion scales The controllers matched the coilege student norma
rather closely with respect to vigorous mood, but scored very dIf-
ferently from the student norm on the conclusion scale. Ninety-five
percent or more of ths controllers scored in the very low range on
the confusion scale. Five percent or more scored in the average
range and no cne scored. in the very high range on the confusion
gcale.

These very consistent results showed that controllers beginning
" a work day felt reasonably good about themgelves. Generally, they
experienced an average amount of friendliness, elation .:d vigor.
They erperienced very little temsion/anxiety, depression or confu-
sion. A moderate number experlenced average levels of anger and
fatigue at the beginning of thelr work days. Hence, ip general we
can say that our field studies of physiclogical response to work
were not confounded by extremely bad moods or extremely good moods,
and further that the great majority of men began their work days in
a clear state of mind without major affective rtates.

As one might expect with a state weasure of mood there was some
variability over the course of ten fleld studies in terws of the
ararage level of the eight mocds. Figures I-P dipplay the changes

in moods over the first ten field studies. They show, on the aver-
age, that controllexs stayed within the average range for feelings

of elation, friendliness, vigor, depression #ud anger. Although

there were marked increases and decreases {2 these feelings over

time, they stayed within the 40-6{ average range. On th> other hand,
..the controllers experienced less thaa average tension/anxlety, fa-

. tigue, and confuaion over tha entire course of the first ten field

' studles. These longitudinal resulrs iaclude variations in mood as
@ consequence of different controllers being studied at different

i . times and of different work condirions over che ten field studles,

[ By reference to Figures E-H in the pravious section on Workload, it

. can be seen that there was no concurrent association of the control-

. lers’ moods and workload. That is, none of the mood variables showed
' the characteristic decrease over the first three visits and subsequent
- incresse over the next ssven visits that the workload measures showed.

{
!
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TABLE 66

Descriptive Statristics o
o ' Aand - N
Distribution of Hen Experiencing . ' ' [
Fatigue at the First Three Field Studies o
according to the Profile of Mood States : ‘ A
First Second Third
Score Field Study Field Study Field Study
jverage {40-60) h2.72 h0.7% 41.5%
ery high (> 60) 3.4% 3.3% 2.0%
imber of Subject 386 366 347 !
perali Mean 39.78 39.6% 39.32 :
Jerall 5.0, ' 7.69 7.7 7.18 !
E - - & } .:
“ ;
Descriptive Statistics and Distrlbuti’on_
of Men Experiencing-hegressim J
at the First Three Field Studies i
according to the Profile of Mood States : )
First Second Third §
Score Field Study Field Stm& Fileld Study £
8 i
by low (< 40) 71.7% 65.8% 66.0% )
rage (L0~60) 27.8% 31.8% 32.6% i
¥ high (> 60) .5% 2.4 1.4% i
. ) i
. i
ber of Subjects 385 366 : 347 g
rall Mean ko.18 40.48 , 40.57

Jall s.0. - 4.38 5.06 5.08

rs
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TABLE 67
Descriptive Statistics
and .
Distribution of Men Experiencing
Vienr at_the First Three Field Studies
according to the Profile of Mood States
3 First  Second Third
f;Score Field Study Field Study Feild Study
b low (< 40) 15.5 15.9% 15.4%
fage (40-60) 60.43 65.1% 63.1%
f high (> 60) 24.1% 19.0% 21.5%
bt of Subjects 386 36k Ik
il Mean 51.33 50.08 50.94
Bi! s.D, 10.57 10.37 - 10.56

Descriptive Statistics and Distribution
of Ven Experiencing - J
Confusion at the First Three Field Stuiles ;
according to the Profile of Mood States g '

First Second B Third i
kScore Field Study Field Study Field Study :
k1o (< 40) 97.7% 94.8% 96.2% o
be {40-60) 2.3% 5.2% 3.8% ' !
pigh (> 60) _ 0.0% 0.0%. 0.0% o
.i.of Subjects 386. o N 36h ' 344 §
§1 Mean 28.32 28.50 28. 44 i

B! 5.0, k.60 5.12 R "




FIGURE I g -

PROFILE OF MOOD STATES: FRIENDLINESS
OVER 10 FIELD STUDIES
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FIGURE J

ROF!LE OF MOOD STATES: TFNSION/ANXIETY
OVER 10 FIELD STUDIES
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FIGURE K

PROFILE QF MOOD STATES: ELATION
OVER 10 FIELD STUDIES :

50.5 - : 324 287

13 ¥ t 1 H B ) ] 4 0
1 2 3 4 5 6 7 8 9 10
Visit #

*Number of ATCs contributing to moesn ecore at that visit




225

FIFURE L

PROFILE OF MOOD STATES: ANGER e
OVER 10 FIELD STUDIES
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FIGURE M

PROFILE OF MOOD STATES: FATIGUE
OVER 10 FIELD STUDIES
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FIGURE N

PROFILE OF MOOD STATES: DEPRESSION
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FIGURE ©

PROFILE OF MOOD STATES: VIGOR
OVER 10 FIELD STUDIES
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_ FIGURE P B

PROFILE OF MOOD STATES: CONFUSION

OVER 10 FIELD STUDIES
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We also examined whether 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 controllers tc be in a friendly mcod than less experienced

controllers. This was the only mood associated with any of these group-
ings.

Table 68 displays the correlarions betwean the eight woods and i iy
the five summary workload measures at each of the three first field :
studies. The table shows that there waa very little, if any, signifi-
f " cant association between any of the eight moods and the five summary
|- workload measures. There were only five significant correlations in
I this entire set of results, about as many as one would expect to be
. significant at the .05 level among 120 correlations. Consequently we
i feel confident in concluding that the men's moods at the beginning of
f 'a study day had no effect on the amount of workload they subsequently
F performed. Results of studies on the relationship between moods ac
work and physiological, behavioral, and psychological regponses to
L work are presented in later sections of the report.

In summary, by a highly reliable method of mood assessment, we '
“¢etermined cthat the controllers experiesnced very little negative af-

fect at the beginning of the work days, and an averdge amount of

" poaitive affect at the beginning of their work days. Our results

indicated that there were no differences between facilities, age

| groups or experience groups in cthe average levels of .the eight wmoods,

. with the single exceprion that mere experienced men tended to report

more friendliness at the beginning of a work day. Finally, out re-

" sults indicated that there was no significant linear curralation

between any of the woods and cur five surmary workload measures,

- ATC Behavior at Work

] Our mood assesswents at the beginning of the day were made as
a prelude to assessments and measurements during the day of a c¢on-

troller's workload, behavioral responsivity, and physiological re-
sponaivity. In order to assess behavioral responsivity, however,
ve had to devise an appropriate scale of values to assgign to obser-
. vable behavioral vesponsaz. We needed to develop a straight-forward
. instrument which (i) could be used saaily by pasycholegically unso-
t phisticeted observers, (2) had a high level of face validity, (3)

~ weuld be conatruct-valid in its relacionship to physiological and
psychological measures, (4) could be very reliable among multiple
observers, and (5) would combine appropriate observsble physiologi-
. cal responses with manifest behavior to indicate arousel.

i
3
i

i An intense observation strategy was emploved to provide a basis
| for assesaing ATC behavior, Initially, a series of visits were uged
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TABLE 68
Lorrelations berween Eight Moods
and Five Summary Workload
Measures at the First Three Field Visits
Summary Workload Measure
Norma-
tized . Time Work
- Workload Paceload Timeload Training Training
04 -.01 .03 -.01 .00
~-.05 -.07 .01 -.08 -.07
-.04 -.10 -.0% ~.02 -.03
.09 .06 .00 ~.05 -.02
.90 .08 .08 .05 .0b
.03 .06 .10 -.02 ~.04
.07 .08 .07 ~.03 =-.02
.04 - =03 .03 ~.03 -, 04
00 =12 - 14 -.0% -.09
-.06 -.07 -. 0k -.04 =-.03
.03 .06 .08 -.07 -.06
.06 .06 .06 .Oﬁ )
.0h .0k ~.02 -.0h =-.01
=-.05 -.0 -.02 -.0t -.0
~.04 .01 .05 .08 .06
-.02 -. 10 .13 “.0h .02
. 01 .00 .03 -.03 -.02
~.01 .06 W10 .03 -,02
.05 .01 .02 .02 .02
.01 -.02 .07 -.06 -.08
.08 -.07 -, 12 =.05 -.05
.03 .02 -.08 -.05 =-.01
-.02 =-.03 -.03 .00 .01
=03 -.01 04 .00 -.03

WA e

E Visit 1,N » 376

| Visit 2, N = 352
Visit 3, N = 336

jerlined values are significant at p <.05,

.
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. to allow the investlzators to become fariliar with the types of be~ ) ' . e
.. havior to be seen on the job. A checklist of behaviors was then . J
- devised. The checklist used a three-point rating scale correspond- o -
"~ ing to low, moderate, and high behavioral arousal. |

This initial behavioral scale was very easy to use and extremely
reliable. Yowever, we observed that the range of values and the com-
plexity and meaning of specific behaviors was restricted. Therefore :
a new five-polnt scale wus devised and field-tested by our medical :
technicians and the senior investigators of the =tudy. . : f

The five-point scale was tested in a total of 45 visits to air |
route traffic control centers. Approximately 200 controllers were
observed working in light, moderate, and heavy air traffic conditions.
The investigators observed any given controller for a half hour to
three hours to provide adequate samples of behavior., The observers
were provided with observation scales with spaces for recording addi-
tional behaviors not captured by the five-point scale definftions.
Multiple discussions and feedback sessions ylelded a seven-point
scale embodied multiple dimensions of behavior and observable physio-
logical responses. :

The seven-point scale was tested in a three~day period at the
New York Air Traffic Control Center with four medical technicians,
two psychologists and a psychiatrist making concurrent observations.
These concurrent observations permitted the evaluation of rellabi-
lity. The final outcome of all of these preliminary studies was the
ATCS Behavioral Rating Scale (BRS) displayed in Table 69.

S o e s AP T A S P e 44 e ks et Y

A total of eight dimensions defined the interrelationship of *
the behavioral descriptors for each level of behavior. These sight
dimensions were appearance, conversational orientation, attention,
physical movement, joking/swearing, voice modulaticn, receiving as-
sistance and coping with hand-off and pilot requeats. Table 70 dia~
plays these dimensions with the descriptoru for the highest and
lowest levels of behavior for which they were assoclated.

To arrive at a global rating of behavior, an observer compared
an ATC's behavior in a two-minute observation perfod with the des- )
eriptors for ary given behavior lavel. At lnast one-half of the five
to elght descriptors for esch level had to be observed and rhe high-
est level satiafying this criterion was the overall behavioral rating
assignad,

During our final checkout of the BRS, multiple observers made o
their ratings concurrently. The Pearson product-momeunt correlation ! !
coefficient of reliability between observera' ratings ranged from :
+85 to .98 over 69 obgervations of air traffic controllers. Tha co~
efficient of reliability for all combinations of ratecrs over 9% cbser~
vations was .91, ) b

N j
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TABLE 69 . 213

ATCs Behavior Rating Scale - .

At least half of the behavioral descriptors in each Set must be appropriate
ffor the two-minute observation period prier to the physiological sampling

pand concurrent with the tatulation of other environmental events {e.q., .
ipeak traffic count, transitions, etc.). If in doubt between two or more _ i
ratings, please selcct the maximum applicable. : .

vel 1:

Looks relaxed or bored or makes a comment to that effect.

Jokes around a lot.

Most, If not all, conversation is saocial in nature.

Scans radar, strips, and/or airfield rarely.

Physica} movements are loose, spacially unrestricted, and usuaily
unrelated to position activities.

fevel 2: : _ S ;

Looks relaxed and at ease, other than occasional fidgeting ur locking
_around.

Jokes around considerably. _ .

Much, but not most, conversation is soclal in nature.

Scans radar, strips, and/or airfield occasionally,

Physical movements are relaxed, spatially somewhat restricted, and
usually restricted to position activities. 5

N T T

e

avel 1: )

Locks comfortable when {avolved in tasks.

May joke around occaslonally.

Conversation ig mostily task-related; little social conversation.

Scans radar, strips, and/or airfield reguiarly.

Fhysical movements are mostly restricted to position-related activities
(e.g., moving “"shrimpboats," marking strips, etc.).

Engages in no task-related swearing.

T T Pl e

pvel 4:

Conversation, if any, is generally restricted to controlling traffic;
rarely initiates social conversacion,

Generally quiet and concentrating when not engaged in task-related
communications. :
Physical movemsnts are totally restricted to position-related activities.
Voice Is even or calm.

Rarely or never jokzs or swears.

Rt

vel §: o !

Exhibits signs of mild adverse physical arousal (such as muscular
tenseness and mild perspiration).

Responds to little social .conversation.

Gererally busy and concentrating with few quiet periods.

Physical movements are totally restricted to position-related
activities and are somewhat constricted (l.e., quickened). _
Voice is stronger, more variable, and/or more clipped than normai, ' L.

IR PO
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234 TABLE 69 cont'q.

ainer momentarily overrides trainee.

Igages in occasional relatively quiet, rask related swearing.
arts doing partner's job despite being busy himself,

ghibits quite obvious, but controlled, signs of adverse physical
pousal (such as tense movements, punching or otherwise striking at .
ble or radar scope, sudden emotional gestures, etc.). h
psponds very infrecuently to sucial conversation.
peniy refuses to accept additional traffic and/or refuses special
lot requests.
i Y restricted to position-related ac-
vities and are considerably constricted (i.e., nurried and abrupt).

pice is much stronger, much more variabie, and/or much more clipped
pan usual bue still restrained.

jtitional staff appear on scane
kes over from traineece.
fgages in considerable, easily audible, task-

to observe or assist and/or trainer

related swearing.

hibits signs of extreme adverse physical discomfort {such as
peating, becoming flushed, tremuious, etc.).

hgages in absolutely no social conversation whatsoe rer, even when

gages in obvious, agitated physical behavior
drowing pencil, strip, or shrimpboat, ete.)
ice is loud and extremely variable. .
jquests additional help or relief and/or additional staff appear on
bene to assist and/or trainer takes over compietely from trainee.

bgages in loud and vehement task-inspired swearing (at alrcrafe, at
her ATC or supervisor, or at other person{s).

bhme

<
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TABLE 70 235
Dimensions of Behavior
being Rated at
Highest and Lowest tevels

Overt Appearance
a. 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 oriented, refuses social

Attention
4. Level 1 - rarely looks at radar, strips, or airfield
.;ib. Level 7 - completely attending to radar or airfield

Physical movements
F 8. Llevel 1 - louse, unreiated to job
I b. Level 7 - agitated, aggressive behavior

Joking/Swearing
4. Level 1 - jokes around a lot
b. Level 7 ~ job related swearing loud and vehement -

Voice quality
a. Lavel 1 - calm and even
b. Level 7 - loud, explosive, unrestrained

Receiving assistance
3. Llevel ! - lets others do their jobs without paying attention to them
b. Level 7 - requests extra help and assistance

Coping with hand-offs and pilot requests
4. Llevel 1| - handles hand-offs and pilot requests- wnthout delay or
strain
b. Level 7 ~ refuses hand-offs. refuses pllot requests even when reasonable

e A s e —————— . P+
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Finally, the psychologists aud psychiatrist compared cheir rat-
ings with the medical technicians. Since the psychologists and the

psychiatrist had extensive training in the observation and evaluation

of behavior, while the medical technlcians' training was primarily
that involved with the development of the behavioral rating scale,
their different perspectives might have ylelded substantially similar
or substantially different behavior ratings. However, in a special
trial covering 69 observations of controllers, the comcurrent valid-
. ity coefficient was .80 between the professionzls and the medical
technicians.

Thus we felt that the BRS was & reliable and valid assessment of
ailr 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 miaor proportiomn of the
differences in behavior ratinga.

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 behavioral ratings. Sixty-seven
behavioral ratings were omitted in error, and 13,755 were not made
because men were not on a working journeyman position. The results
shown in Table 71 indicete that almost 12% of the ohserved hehavior
was at the minimum level. OQaly two observations, of 235,000, 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
rance from 2 to 4 as defined by the BRS, suggesting low levels of
arougal, concentration on the task of separating planes, but also a2
moderate amount of non~task activities. )

Two summary measures of hehavior were devised for indexing the
total behavioral arousal of a man dering a study day. One summaxy
meagsure was the simple total of the behavioral ratings for a_day -
the grand total amcunt of bebavioral arocusal while working. The
second summary messure was the range in behavior; that is, the maxi-
mum behavior rating minus the minimum behavier rating for the day.

In order to give a clearer picture of the meaning of the total
behavior for the day, Table 72 displavs a distributiom of the average
behavior acrosc the first three field studice. Average behavior was
defined as the total bahavior rating divided by the number of times
a4 man was obsarved during the day. These average behavior ratings
were grouped inte four descriptors,

It is immediately apparent frcm the table that no coatroller had
a sustained behavior in the range from 4-4.99. Five to ten percent

W
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TABLE 71 237 . |
Distribytion of Beravior L il
Ratings over al! Observations ‘ : ) o
{N = 25635]) : o
avlor . Number of % of Cunwiative § of
j;- Observation Observations Ohservations d
1 3033 11.9 1.9 5
f2 6749 26.4 38.3 :
-3 11332 k4.3 82.6 H
) 4129 16.1 98.7 o
] 304 1.2 99.9 P
£ 19 .1 190.0 i
¥ 2 0 106.0 i
m— —_— i
Jotais 25568 100% 100% § ‘
kal Missing 67 ;
#l not on position 137 5
pnd Total 39390 H
l.
;’5 .
i
i-
i
3
LS ‘
;

g D
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TABLE 72

Distribution Of Average
Behavigr 8cross The First Three Field Studies

bioral First Second Third
bge (Behavior Total/# of Readings) - Field Study Fleld Study . Field Study-

39 (Relaxed, non-task oriented) 5.0% 6.4% 9.4%

)9 {Comfortable with task oriented .
jly 53.3% 55.4% £1.33

5 (Concentrating with some arousal:

¥ task oriented) h.2% 37.7% 38.12

' (Overtly aroused behaviorally
rbal 1y) 1.6% .6% 1.2%

E:

F of subjects 381 361 341
| Mean 2.8 2.75 2.1
11 5.0. .5k ;

.55 59 :

IR o .
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of the sustained behavior was in the range below level 2, and the
great major.ty of behavior during the day averaged between ¢ and
3.99.

The correlation of the average behavicr with the total hehavior
for the day was .54 for the firat vialt, .64 for the second visit,
and .65 for the third visit, indicating that the average behavio:
captured a substantial proportion, but not the entire smount of the
variance in behavior observed for a wuole day.

Table 73 displays the distribution of the range in behavior
during eacn of the first three ffeld studies. Fetween 1.AZ and 3.8X
of the men had no change in behavior ratings during the entire day.

The wodal range of behavior was two levels, such as from level ! to
" level 3 behavior. WVery few people experienced an intense range cf
behavior of four levels or more, as would be expected from the dis-
tribution of ratings already discussed. Sixty-five percent to 733
of the men experienced behavioral fiuctuations of two or three leveis
as defined by the BRS.

Table 74 displavs the correlations between the summary behav-
ioral measures and the summary workload measures for the first three
field studies. Total behavior observed for the day was most strongly
related to the amount nf time worked during “he day, and to the pace-~
load for the day. Relatively low but significant correlations were
found between the total behavior for the day and normalized workload,
time training, and work training. Thus, we concluded that the behav-
loral total score for the day was influenced primarily by how much
time a man worked on a position, and the number of planes he had to
handle.

On the other hand, behavior rsnge was related to timeload and
time training on the second visit, but it was not consistently re=-
lated to these measures, nor was behavior range related to any of
the other summary workload mzasures. The amount of fluctuatioa in
an ATC's behavior was therefore not related to the amount of work
impoged on him by his envirormment over the course of an entire day.
This lack of a relationship was found in spite of the fact that both
paceload and normalized workload had as one of their components the
range In peak traffic or the renge in normalfzed peak traffic respec-
tively. Consequently, we concluded that the primary determinants of
fiuctuations in behavior were not in the worklioad as we zssessed it
in these five waya. -

Not only had we hypotharized a relativnship between moods and
how much work a men would accowmplish, but we also anticipated aome
posgibla ralationship between behavior and mcod., Tabla 75 displays
the correlations between the two sunmary behavior measures and the
eight moods over the first three field studies, 7The only consiatent

LRS-
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al

b (2)
Es)
(49)

it subjects
Mean
5.0,

TABLE 73

Distribution of

Behaviors

ange On The Job

Across The First Three Field Studies

First
Fleld Study
i.6%

18.4%
4o.9%
32.6%

6.53%

————

386
2.24
.88

Second
Fieid Study
2.2%

25.9%
4h. 4g
21.8%
5.7%

————

367
2.04
.9t

Third

Field Study

3.8%

27.4g

b, 2%
20.6%
3.82

346
1.94
-89
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TABLE 74
Correlations of Summary Behavior

Heasures with Summar Work lcad
Heasures, First Threa Field Studies

Correlation with Behavior
Heasure at Respective Visits

Number

re Behavioral Total Behavior Range of Subjects
11zed Workload, Visit 1 L18ara .05 381
lized Workload, Visit 2 .29k .09 359
unlcd Workload, Visit 3 J23AkA .07 3Jho
eid. Visit 1 . 6Bnxk -.09 381
oad, Visit 2 L 78R -.0 359
oad, Visit 3 . LT -.05 340
oad, Visit 1 L76RR% .00 381
bad, Visit 2 L 76k % S R 35%
pad, Visit 3 T9nan .05 140
Kraining, Visit 1 .15 3% 381
{raining, Visit 2 »2hfnk ‘ .02 359
fraining, Visit 3 L2250 .08 4
Braining, Visit 1 R 67 381
fraining, Visic 2 . L 29%Ax -.02 359
fralning, Visit 3 L 2670% .03 3ho
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} .001
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TABLE .'5 i
Correlations of Behavior i
with Eight Moods R
for The First Three Field Studies . ' - . il
(Visit 1, N=378; Visit 2, N=352; Visit 3, N=1336) o
BEHAVIOR TOTAL, VISIT 1 BEHAVIOR RANGE, VISIT 1
BEHAVIOR TOTAL, VISIT 2 BEHAVIOR RANGE, VISIT 2
BEHAVIOR TOTAL, VISIT 3 BEHAVIOR RANGE, VISIT 3
.00 .02 ..
-. 06 .02
-.07 -.00 v &
.10 -.05
.10 ~.04
11 .05
.06 .02
-.02 -.01
S | -.06 )
bsti ity -.03 ' -.03 :
: .03 -.01
.07 .03 i
i
-.01 -.02 !
~.01 -.03 !
_-00 uﬂB ! -
ion ' -, 10 -.01% f
L0h ‘ ‘ .01 i
11 . .08 |
' |
.01 .04 !
.ot ©L02 |
-.07 -, 08
'.03 -'002 l
-.03 ' -.02 s
.00 , .0b E .
i
ned Qalues are significant at p <.05, two tailed.
i
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and significunt relationship was a very low posiiive correlation
between a mood of tension/anxiety at the beginning of the day and
the subsequent total amount of bshavior exhibited. All other re-
lationships between behavior and mocds were non-significant or in-
consistent over the three visits, Thus the mood of air traffic
controllers at the beginning of the work day had very little sys—
tematic effect upon either the total behavior exhibited while work~
ing or the range that occurred in behavior.

In summary, the bBehavioral Rating Scale was devised to attain
a reliable assessment of the controllera' behavior on the job. Our
reliability studies indicated that the instrument served this pur-
pose very well. In general most of the behavior exhibited by air
traffic controllers on the job was in the low moderate range of ac~
tivity and arousal. Very few controllers experienced intense behav-
iforal arousal, Our findings also Indicated that the total behavior
erhibized during the day was highly related to the amount of time
a mar, had to work and ihe paceload to which he was exposed during
the day. There were low magnitude correlations between the total
behavior and normaiized work.oad, time training, and work train=
ing. On the other hand, the range in behavior exhibited during the
day had no consistent reélationship te the amount of work performed.
Finally, the behavior of an air traffic controller during a study
day was affected very little by any 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 consistently and significantly,
though weakly, to total behavior, The range in behavior over a day
was not asystematically affected by any of the moods.,

Behavior as a response to workload and other enviroumental de~
terminants will be discuassed in Section V.

ATC Subjective Difficulty

In addition to the assessment of eight moods at the beginning of
the day and behavior during the day, we agsessed an air trafiic con-
troller's subjective perception of the difficuley of his work om that
dey. After a man completad his shift on a study day, he filled out
the ATC Subjective Difficulty Questionnuire.

This questionnaire contained seventeen itema that were pilot
tested at the Oazkland ARTCC in 1973. The items are listed in Table
76. The response choices for 9 items were ordered negatively such
that a low number indZcated more difficulty and efght itese had their
responses ordered such that a high number indicated more difficulty,
The items were counterbalanced in this fashica to preclude response
sets. The items with negatively ordered response cataegoriea had
their scoring reversed so that higher scores represented more aubjec-~
tiva difficulty.

ey
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U4 TABLE 76
Ques:ions'In the
ATC Subjective Difficulty Questionnaire

Overall, how difficult do you feel your assignments have been today?
(1 = very easy...7 = very difficult) .

Considering all of the tasks that composed your various asSignments,
how good a job do you feei you have done today?
{1 = best |'ve ever done...7 = worst |'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 alrcraft mix have you had? (1 = totally commercial...
7 = totally military and general aviation)

‘j:How much did weather affect the ease of working traffic today?
{1 = made extremely easier...] = made extremely difficult)

{ompared to other times,what was the quality of heip provided by your
data man and handoff man? (t = terrific...7 = the worst ever)

How many breakdowns or serious impairments of function {quality of
return, fruiting, degradation, etc.) did your radar and communications
equipment have today? (1 = greatest ever...7 = fewasi ever)

How many failures ana impairments of function did the communications
equipment on the alrcraft have today? {1 = greatest ever...7 = fewest ever)

How did your supervisor contribute to your performance today?
(1 = helped tremendously...7 = hindered completely)

How many interpersonal conflicts occurred for you today?
{Such as those arising from FAM flights, administrative policy, and
other non=ATC action) (1 = must ever...7 = fewest evar)}

How many potential traffic conflicts occurred today compared to 'normal"
times? (1 = most ever...7 = fewest ever)

How many changes from peak to slow controllling condltlons occurred
today compared to "normal't times? (i = most ever...7 = fewest ever)

How many times did you feel you were about to ''go down the pipel"
{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? (| = 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? (1 = lightened job extremely...7 = extremely burdensome)
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TABLE 76 cont'd. ' : 245

How much did the requirements of this study contribute to the difficuley
of your job today? (] = made very much easier...7_. wade very dlfficuly
Overall, in your exp'erienc'e s an ATC at this facitity, how difficult "
were your assignments compared to most other assignments that yYou

might have had? (1 = very easy...J = very difficyic)

‘r—._..-h...... e e o o e 3 s 0 s e e 1t
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Table 77 displays a comparison of the average item ratings
in the Subjective Difficulty Questionnaire for the first three
field studies. A score of four represented the exact mid-point
for a}ll of the items. In general this middle category indicated
that the particular component of subjective difficulty was neit-
her more difficult than average nor less difficult than average.

Table 77 indicates that only two facets of the work day
were considered above average in difficulty: glving on~the-job
training and participating in the field study itself. The con~
trollers also consistently indicated that the sector at which
they worked and the number of times they felt they were losing
control ("going down the pipe') were much less thau average
difficulty for the first three studies. Aircrart communication
outages and interpersonal conflicts also were ranked at a rela-
tively low level in concributing to the subjective difficulty
experienced on the study days. ’

A number of statistical analyses were conducted to deter-
nine if a sub-group of items focused most clearly on the over—
all subjective difficulty for a day. Iu particular, factor
analyses were conducte¢ on random split-halves across all man
days. They revealed that seven items accounted for most of
the variance between all of the items iIn the Subjective Dif~.
ficulty Questionnaire. The geven items were replicated in
the split-half random samplee, and therefore we were confident .
that they represented the core dimension of subjective dif- B
ficulty for an air craffic controller,

Table 78 displays the item composition and reliabiliry -
of the summary subjective difficulty seccre eventually used.
The scoring for each item i3 aiadicated in the direction of
more subjective difficulty, though on the original fora half
of them had their responses ordered in the opposite direction,
The seven main components of subjective difficulty were the
man's overall aasessment of the difficulty of the assignment, .
the perceprion of how heavy air traffie had deen, the percep- -
tion of potential separation conflicts, the number of times
a man had to cycle from peak to siow controlling conditions,
how many times he felt that he was abour to "go down the
pipe" (lose control) "having to give training and finally, per-
ception of the difficulty of this assignment relative to all
other assignments. Reaponses to these items wete added to-
gether to form a summary subjective difficulty score.

Table 78 also dioplays the internal consistency relia-
bility for the summary subjective difffculty ascore. For the
first chree adwministrations the internal conaistency rellability i

tanged from .82 teo .86. These rellability figures wera quite

e
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" TABLE 77 2

Comparison of Average Item Ratings
for Sublective 51'7‘chlty_ over Tirst

Three Field Studies

t!-tem : A\.rerage"a.t ) ‘ fwerage at . Avgrage a!: 3 )
ontent First Visit »econd Visit Third Visie
+ Overall sector difficultv. . 2.87 2.77 - 2.87
Self-rated competence .73 3.73 _ ‘ 3'65.
Traffic Joad* 3. ‘ 3.48 3.4
Type of alr traffic 3.82 3.87 3.90
Weathcr 3.4 ' 3.49 3.60
Quality of help , .78 .n 3.89
. * Radar outages * 3.80 3.63 . 3.61 :
Aircraft comm. outages® ' 3.22 3.18 3.2, 1
Supervisory help 3.90 3.90 o 3.84 !
Interpersonal conflicts* 3.29 - ' 3.32 3.26 :
f of porentlal aircrafe conflicis® 3.39 3.38 ' 3.38 .
Peak to tlow traffic changes * 3.5§ 3.0 3.62 :
Feeling loss of control® 2.68 ' ~ 2.68 2.69
Hood prior to work” 3.78 3.84 3.78 _} )
Tralning ‘“-'4'?669) (1?.593) ' (::-?g)
This study 4.22 b.30 4.130 r
Overall assignment difficuley 3.56 3.29 3.34 -

Scoring reversed such that high scores = more difficylviy.
i W= 383, except as noted.
E N = 362, exzept as noted.

j N = 346, except as noted,
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TABLE 78
ltem Composition And

Reliabiiity OF Summary .
Subjective Difficulty

ltem Content
———ent

ivaerall, how difficult do you feal your assi

gnments have been today?
b {scored from | = very

easy to 7 = very difficult)

;HOw'heavy has been todaw!

s trafflc in terms of number of aircraft
t handled? {Scored from | =

Jightest ever to 7 = highest ever)

 How many potential traffic confiijects occurred today compared to
E "normal" times? {Scored from t = fewest ever to 7 = most ever)

b How many changes from peak to slow controllin
today compared to '‘narmal* times?
;7 = most ever)

g conditions occurred
(Scored from 1 = fewest ever to

How man

y times did you feel you were about to *
¥ (Scored

W ,-3.:,Jm¢
- - : ol
9o down the pipe?" . ’ : !
from | = most ever to 7 = fewest ever) B ;
| |f you gave training (formal or Informai) today, how much of a burden ? g
Ewas it? (Scored from | = lightened job extremely to 7 = extremely
f-burdensome )

o L K s.\‘“‘t:n‘i‘!i

! Overall, in Your experience as an ATC at this facility, how difficult
f.were your assignments com

pared to most other assignments that you
- might have had? (Scored

N s s i S

I,

N

from | = very easy to 7 = very difficult) }

. ¥

Internal Consistency Reliability* %

?

f First administration, reliabllity = 82 3
. ‘econd administration, reliability = 85 %
b "hird administration, veliability = _B§ §
3 3
wfticient alpha (Nunnally, 1967) N

5 o il

*

i
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high and consistent. Therefore we concluded that the suwmary
subjective difficulty score was & rohnrent assessment of the
overall difficulty experienced “.y a nan 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 were studled
was much below average in difficulty while the great majority : :
(70%~75%) thought the day was average. J 3mall proportion : :
{8%~11%) considered the day above averige in difficuley.

We were interested in whether or not the subjective diffi-
culty of a day was related to the objective difficulty of a
day assessed by our summary workload measures. Table 80 dis-
plays the correlations between summary sunjective difffculty
score and the summary workload measures for the first three
field studies, ' :

Summary subjective difficulty was related moat closely ‘
with the normalized workload measures, ylelding moderate but ; i
highly significant correlations. Paceload alsuv was moderately ! ) ‘
correlated with suamary subjective Aifficulty. The correlatiom _
between paceload and summary subjective difficulty increased : ' }
over subsequent visits. Timeload had snly a marginally signi-
ficant relationszhip to summary subjective difficulcy. Finally,
the two training workload measures had moderately low correla- !
tions with subjective difficulty at the three studies. Thus, S jﬁ
a man's perception of the difficulty of his day was moderately : ©h
related to objective measures of aow much work he accomplished. : E ‘ i

The consistent and moderate correlation between normalized }
worklnad and subjective difficulty allowed us to compute anot- |
her measure of subjective response to work. This measura, :
called psychological response to 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 the day as tore dif-
ficult than the objective worklosd warranted. Men who res~
ponded in thls way were classified as augmentors. On the
other hand, a low score indicated that a man perceived his
day to be much leas difficult than would be expected from
the objactive normalized workload. Men whe responded ip tids
fashion were classified as reducers, inasmuch as they under-
estimeted how much work they had done.

The psychological response to work vesiable was calcul-
eted from our post hoc findings, and should be differentiated

P i g PR P P
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mary
Jlective Difficulty

N Score % {4
h less than average
ﬂcplty

! Score 15-28
rage difficulty

Wi Score 29+
Ve average
Ficult,

Pl Subjects

Fall Mean
rall 5.0.

TABLE 79
Distribution of Summa sy
Subjective Difficuity over
the First Three Fleld Studles

Percentage Scoring at

First Field Second Field

Studx Studz
18.5% 17.7%
70.2% 71.1%
11.3% - 11.0%

389 362
20.77 20.32
6-37 6-23

Third Fietld
Studz

17.6%

74.6%

7.8%

346

20.62
6.19
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TABLZ 80

Correlations Of Summary Subjective
Difficulty With Summary Workload
Heasures, First Three Field Studies

CORRELATION WITH SUMMARY SUBJECTIVE

251

NUMBER
OF SUBJECTS

DIFFICULTY AT RESPECTIVE VISIT NUMBER

Visit 1 Ahlyers
Visit 2 ' S42%kn
Visit 3 A3rnn

— (WU N ey

N

L33k%n
L37RRR
A3t

.03
-18%
. 18%

L27kk
. 27H%%
L 31ARk

L 30%AA
L26%%k%
L33AR

381
355
339
381
356
340

38;
356
340

- 381

356

3%0

381
356
340

4 p <.01
i p <,001

e
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from the summary subjective diffiéulty. The predictive utility
of the psychological response to work, as well as of subjective
" difficulty and objective workload are digcussed in Section V.

rm,—, we were Mterested in th- relauomh&y hetween
woods, ‘behevior and the summary mhjm::.ve difficulty measurea.
le ‘81 displays the ebrrelations between the sumary suvjec-
‘tive difficulty @nd the summary behavioral and mood measures
at the £irst three field studies, Only one mood was consist-
‘ently, though weakly, related to the subjective difficulty

" 'was negative, so that ;tuter
'_of the day related to reports of

'rable- 81 also displays the correlation between the sumary
‘behavior measures and the summary subjective difficulty for a
day over the first three field atudies. Total behavioral
arousal (total behavior) during the day was significantly and
poeitively correlated with reported overall difficulty (aummary
subjective difficulty) at the end of the day. Similarly we
found that the range in behavior displayed during the day was
pesitively related to the subjective difficulty reported at the
end of the day. The correlation between behaviof range and
summary subjective difficulty, however, was much lesa than that
betwaen the total behavior and subjective difficulty, indfcating
that fluctuations in behavior were leas Important in the per-
ception of a day's difficulty than was the total amount of
arcusal he experienced.

An average behavior rating also was calculated for 11lus-
trative purposes. The averag2 behavior marifested 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 was less related
to experiencing difiiculty for a day; rather, the rotal con~
tinued amount of behavioral arousal was more ilmportant to men
‘when they recalled the ¢ifffculty of their day. Correlations
of average behavior rating and subjective difficulty decreased
as the field studies progressed, whereas correlations of total
behavior and subjective difficulty incressed. We did not, there-
fore, concinue to use the average maasure since the total beha-
vior measure displayed more consistent and increasingly strong
asgociations with objective and subjective worklcad. The re~
sults reported in Table 81 illustrate this phenomenon over the
first three studies.

o
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TABLE 81 253

Correlations of Summary Subjective
Diffculty with Summary Behavior
Measures and Eight Moods at : .
First Three Field Studies ' *

Summary Subjective Difficulry
Visit | Visit 2 Visit 3

Profile of Mood States

Friendliness - 13% R TN :
Tens ion/Anxiety .19n% .03 .00 . o
Elation , NI - 10% -.07 :
Anger/Hostility o .02 .00 .02 ;
Fatigue .09 .05 -.03 :
Depression . . Oh . -.01 ~.01 t
Vigor . -.06 -.10% .0k ——
Confus ion .10 -0t .00 ' 8
Summary Behavior : :‘
Total Behavior I 1 < 36xx% - ”’
Behavior Range. L21#% A3#n L 10% i
Average Behavior ' Y L S T ¥, 1 28 «39%Ak
* p <,05

% p <, 01

#%% p <,001
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In summary, the ATC Subjective Difficulty Questionnaire was
devised to assess the components of workload which contributed
to the perception of a difficult day.

the day. Only one mood was consistently related to subjective
difficulty at the end of the day: a friendly mcod in the 193 4,00
ing was related to a report of less than average difficulty for
the day. Total behavioral arousal during the day was signifi-
cantly correlated with the total subjective difficuley reported
by mer at the end of the day. The rauge in behavior manifested
during the day wag significantly, but slightly, related to sub-
Jective difficulty. The average behavior manifested was moder-

ately related to subjective difficulty Teported by men at the
end of the day.
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SUMMARY

Cardiovascular Measures at Work

Levals and variability of blood pressure and heart rate at work
were studied to ascertain whather or not the air traffic contrsl

" work was producing increased cardiovascular respounse, Portable
automatic recording sphygnomanometers 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 posgition.

;jThe 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 diastoliec);

2) Dailly average systolic blood pressure was 129 + 13 mm Hg;
daily average diastolic blood pressure was 87 + A mm HR;
dally average heart rate was approximately 78 + 10 beats
per minute;

3) There was a slight tendency for blood pressures to be
higher while men were on-position compared to whsn.thay
were off-position;

4) On the average, systolic pressures ranged 35 + 12 ul*Es
over a day, and diastelic pressures ranged 27.3 8 rm Hg;

5) There was a significant difference of 3 mm.Hg in the dias-
tolic blood pressure averages of the oldest group of con-
trollers, aged 39-4% at entry to the study vs. the younger
controllers;

6) Working on the radar position had a coneistently signifi-
cant effect on range in bloocd pressure. Nelither working
other positions nor wurking any sector had a significant
effect;

7) Controllers at Logan Tower, younger than controllers at
other facilities, had highest systolic blood pressure
values; )

8) When each man's changes in blood pressure were calculated
on the basis of his own record, on-position measures were
significantly higher for mast men then off-position mea-
sures;

9) On the average, level of systolic blood pressure increased
4 to 5 mm Hg and diastolic bleod pressurs increased 2 to
3 mwy Hg under conditions of higher worklovad when days of
varying workload were compared;

10) Variatility of blond pressure was not affected by chang-
ing amounts of workload, but wea influenced by time on-
position, which did not influence average pressure,
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. For predictive studies, a number of measures of cardiovascular

. responsivity to work were derived in addition to measures describ-
ing blood pressure levels and variability for each man.
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9. Cardiovascular Measyres at Work

Introduction

The cardiovascular measures that we studied were levels of
bleod pressutre and heart rate, and va-iability of blooed pres-
sure and heart rate. Systolic blood pressure, diastolic blood
pressure and heart rate 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- carrviiag out other
Auties.

A standard orotocol was followed for all observations.
Systolic and diastolic blood pressures were recorded using port-
able automatic recording sphvgmomanometers that measured and
recorded pressurs in the cuff and recorded Korotkoff sounds on
magnetic tape during deflation of the blood preasure cuff. The
sphygacmanometer was operated by a medical technician, and re-
cordings were made every twenty minutes. During the 2-minute
pericd just before each measurement of blood pressure, a uumber
of ather agsessments were made, such as traffic conditions and
men's behavior. These data welre collected and recorded three -
times an hour for a period of five hours beginning at 7:30 dur-
ing the mornin, shift and a% 15:00 during the afternoon shift.
During each 5~hour pariod of measurements, fifteen observations
were made for each man on each day he was studied. It should
be noted that men's average blood pressures wille at work were
highly correlated with their average hlood pressures from the
office vigits (.64 for both systolic and diastolic pressures).

Cardiovascular Measures and Descriptive Sratistics

Almost all of the men were studied during work on at least
one day. Table 82 showe the number of wen with complete blood
pressure studies. Three hundred and eigaty-two men (921 of
our sumple) had at least one blood pressure agtudy. The mejo-
rity of men (69% of our sample) were studied fur five hours
on three or more different days. Over the course of the
study, we coliected data during a total of 1,421 man—days
and 7,105 hours of observations. In all, wa collected over
21,000 blood pressure and heart rate measurements while men
were at work.

"Levels of systolic blood pressure, diastolic blood rressure,
and heart rate were computed for each man every day he was studied
at work. On the average, the systolic blood pressure measured
over the whole day was 129 + 13 (mean + 5.D.) mm Hg and the
averafe diastolic blood pressure was 87 + 8 mm Hg. The average
heart rate measured over the whole day was approximately 78 + 14
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258 TABLE 82
Numbar Of Men Completing Blood Pressure Studies
; _ - % of 416
st 382 _ 92%
204 340 o 82%
3rd 288 695
foch 249 603
f5en ' 162 393
I Total Man-days 1421 . : e
ETotal Hours 7105

ziTo:aI Number
L0bservations - 21,318

!
f
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beats per minute. Tables 83 and 84 nresent the average systolic
and the average diastolic blood pressures raspectively for each
of the first three visits  There tables list the mean across
all men for the average pressures, the standard deviations of
those averages, and the maximum cnd 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 and diastolic pressures also are
included in Apperidix I.

Table 83 alsc shows that levels of blood pressure were
not different when data from men receiving antihypertensive
~ medications were included. In both groups of wen, with and

" without those receiving antihypertensive medications, there
.wag a slizht 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 slightly
lower on subsequent diays than during the iirst day they were
studied. On the average across all men and across all visits,
blood pressures were apprcximately 1 mm dy lower each visit
but the differences were not clinically significant. These
minor veductions were evident in the all-day measures, the
on-position measures, and the off-position measures.

The amount that blood pressure varied during the day was

. more impressivz than the levels of blood pressure. Whercas

I average levels of blood pressure were within the limits of
 pressures recorded In other groups of subjects studied by other
t investigators, the ranges were much greater than we expected.

¢ Tables 85 and 86 present populatfon statistics for systolie

b range and diastolic range. We calculated the range as the

[ difference between the highest and lowest pressures observed

i foc each man on one day. On the average, systclic range meas-
- ured over the whole day was 35 + 12 mm Hg and the average

| diastolic range was 27 + 8 mn Hg. During the working day,

t systclic blood pressure rose on the average sbove 150 mwm Hg and
b fell on the average below 115 mm Hg at least once. Diastolic

i blood pressure rose on the average sbove 1CG0 mm Hg and fell

L below 75 mm Hg., This variatfon 13 of great clinical signifi-

© cance.

: These measures of blocd pressure levels and varlability
I vere calculated in three ways. First, we evaluated these
 Beasures over zll assessments made for a day. These are
-referred to as dally measures, Secondly, thesge same measures
‘of level and variability were calculated only for those times
& aan was working a journeyman position {see Section IIIB7).




AYERAGE SYSTOLI

ALY
ON POSITION

QFF POSITION

AVERAGE SYSYOLIL
DAILY
O% POSEYIGH

OFF POSITIl..
r

VISIT
1

t30.83
13432
130.63

VistT

130.93
131.8)
130.70

MEAK
ViIsiT
H
129. 30
129.46
128.72

HEAN
visir
2
+23.33
129. 4%
128.80

visit

128.59
128.87
127.84%

VIsSiT

128.75
129.0¢
128.01

TABLE 83

ATC
FIELD STuDY
—————

CARDIOVASCULAR MEASURES

Average Systollic At Work

ALL SUBJECTS

5TD. DEVIATION HAX | UM
VISIV VISIT visIT VISIT  VISTY

| 2 3 1 2
12,49 12.91 13.34 176.33 185.90
13.48 13.87 k.12 181,33 i85.36
£3.16  $3.2% 134 172.00 187.50

VISIT
3

174.20
178.22
173.83

visir
H

104.08
98.43
102.67

EXCLUDING SYBJECTS ON AKTI-UVPERTENS IVE MEDICATIONS

S5TD. DEVIATION HAXIHUH
YISIT ¥isiT Vit VISIT  ¥isIT
1 2 ] i 2
12.50 13.03 13.4 - 176.33 185.90
13.50 13.68 14.26 181.33 185,36
13.22 13,38 j3.57 172.00 187.50

VisiT
3

17%.20
§78.22
173.83

visiT
|

103.79
100. 51
102.67

BINIHOH
YiSIT
#9.30
98.00
92.75

VIsSIT
3}

96.50
97.75
94.25

VISIT

96.50

37.7%

94.25

382 40 268
375 338 288
W6 336 237

N
VIt T.
2 3
360 320 269
353 318 268

354 316 268
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AVERAGE DIASTCLIC
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DALY
ON POSETION
OFF POSITION

AVERAGE DIASTOLIC
—nnnn LAAIVLIL
DAILY

ON POSITION

OFF POSiTIoON

VisSIT

87.33
88.32
85.4%

Visty

87.45
83.36
86.54

Visit
3

gs.71
871.16

85.75

VISIT
3

86.77
87.22

- 85.79

CARDIOVASCULAR MEASURES

Average Glazralic At Work

STO. DEVIATION
YISIT wisiT visIT

VisIT
1

65.54
66. 11t
55.00

ENSIVE AEDICATIONS

EXCLUL ING SUBJECTS ON ANTI-HYPER)

STD. DEVIATION

TR S e e SR A AL . .. .

VISHY

65.54
66.11
55.00

VisIiy
3

§2.60
68.17
64.50

VISIT
3

69.40
68.86
4. 50

VIS
2

3
288

286

287

269
268
263
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DAILY
ON FOSITION

GFF POSITEON

KAHSE - SYSTOLIC
DAJLY
ON POSITION

OFF POSITION

e

PISIT
[}

37.38
29.77
26,17

vVisiT

T37.4%
23.77
k.39

HEAN
VisIT

3677
28.64
22,17

VISIT

33.84
2B.43
20.8%

¥IsSIT

3h.a7
28.82
0.1
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TABLE 85

ATE

FIELD fTUDY

OVASCULAR MEASURES |

Range Of Systolir ﬁ: Mo rk

STD. DEVIATION
VESIT VisIT visuT
i 2 3

12.36 11,42 12,38
12.35 31,72 12.4)
1h.25 11.80 t2.60

AlL SUBJECTS

BAXIHUA
VISIT VISETY
o 2
T 103.00 91,00
71.00  75.00
100.00  65.00

B

visIy
3

15.00
70 %0
75.00

HINIHUN
VISIT  VisiT wisay
2 3

b4.00  13.06 11.00
0 0 5.00

¢ ] 1}

EXCLUDING SUBJECTS ON ANT | -HiYPERTENS 1VE REDECATIONY

STD. DEVIATION -
VISIT it visiT
1 z 3

12,43 11,56 j2.53
12.29 N1.817 12w
1.3 thar 2,74

PAXINLH

VISIT W57
1 2

100.06  91.00
.00 7500
100.00 &5.00

VISHT
3

75.00

70.00

75.00

(o]

A
ViTsar
A

382 3o 288
35 138 286
376 336 287
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RN |
S |

360 320 269
53 318 268
35k e 269
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OFF POSITION

VISIT

2685
20.93
17.67

¥isyT

26.9)
21.0%
17.62

21.33
18.25

VISHT
3

25.70
HNY

15.25

Vit

25.70
21.86
1513

TABLE Bé
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_——

EARDIOVASCULAR MEASURES

Range Of Blasrolic At Mok

STD. DEVIATIGN
VISIT WIS W
| 1

8.92 8.1 73

ALl SUBJECTS

5T

.37

B.s» 8.5 4.1

.76 9.36 9.9

Hax MM

VISIT VisTT
1 2

78.00 55,00

57.00 55.00

65.00 s5.00

EXCLUDING SUBJECTS ON ANTI-HYPERTENS IVE HEDICATIONS

"STD, DEVIATiON

8.9z 8.2
871 8.67
3-83 9.4 .

VISIT VISTT vy
2 3

.40
B.19
9.09

“""""-l-um.l.;«.....-...-uli R

HAXIHUR

VISiT "visaT
2

78.60  s5.00
50.08  55.00
65.00 55 0o

HINLs
visIT VISIT VISIT  wisiy
3 i 2 3
50,00 §.00 12.00 10.00
50.00 (] 0 .00
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These messures 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
meaguras 1ln our tables. We were primarily interested in men's
experiences as journeyman controllers. Therefore, to investl-
gate blood pressure respongivity 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. - -j*

Factors 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 readiags. Thus, we
could collapse across morning and atternoon visits.

Other factors checked for their effects on blood pressure
measures were age and amount of experience as an air traffic
controller. No consistent differences were found between
experience groups. The only significant differences attribu- \
table to age were in average values for diastolic blood pres-
sures. Table 87 shows that the group of oldest controllers,
men age 39-49 ar the beginning of the study, had significantly
higher diastolic averages than the controllers in the younger
age groups acrosc all three visits. The difference between
the oldest group and the youngest group was 3 mm fg,.

Other factors examined were the possible effects of work-
ing different journeyman positions and working in different
types of sectors. Working 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 working a particular type of sector.

Significant difrerences between facilities for all three
vigits were obgerved. These results are summdrized in Table
i 88. The measures that consistently disc—iminated between faci-
. litles were systolic range and systclic maxi{mum. Men studied
at Logan Tower had the highest values for systolic blcood pres-
sure among tha contrellers during two of three visits. Dia-
stolic average aud maximum, significantly different on one of
f three visits, were also highest at Logan Tower. Controllers
- at Logan were younger than controllers at other facilities.
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TABLE 87
Differences in Age in 8lood Pressure Response To Work
Younger . _Middle Qider
| Age 25-34 35-38 39-49 |
b ¥ subjects s 105 132 i
|
!
f Diastolic Averages F P E‘:ir
visit | 86.9 87.9 - 9.2 3.72 .02k 8
Visit 2 85.3 87.2 88.9 5.16  .0065 :
Visic 3 86.4 86.1 = 8.9 342 .0330 ! |
i i
!
i A
: - |
%
; t
i
3 i
i
j
. -
i
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Systolic Aver.
Systolic Range
Systolic .ax.

Systciice Range
Systolic Max,

Diastolic Aver.
Diastolic Max.

Systolic Aver.
Systolic Range
Systolic Max.

NASHuUA

(84)

[l YR YV
~w D
S

N oow

(79)

33.1
146.6

88.8
100.0

{(73)

122.8
32.1
141.2

QUONSET, 0T1s
WINDSOR, PROV,

(32)

132.3
36.9
153.9

L0144
L0115
-0115%

.0275
- 0403

.0188
.029]

.0063
0025
. 0005

N
o
o



267

Therefore, these high pressures cannot be explained by age. On
the average, controllers at the Common IFR Room had the second
highest pressures.

Interrelationships Among Cardiovascular Medsures

The interrelationships among the daily cardiovascular mea-
suraes are presented in Tavle §%9. 1In order to determine res~
ponsiveness to variatlons ipn 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 expected to be
affected by variations in traffic. Because the range correlated
highly with the standard deviation (0.94 and 0.93) the standard
deviation weasure was not included in our analyses. As presented
in Table 89, the average systolic blood pressure correlated @,35
with the range, and the average diastolic blood pressure corre-
lated 0.15 with 1iis range. While there was considerable independ-
ence between the range and the average blood pressure (indicated
by low correlations}, the relationships between these meausures
were gstatistically sigpificant., Men with higher levels of blood
pressure tended to have more variability in blornd pressure during
the course of the day.

A more accurate reflection of varjability iIn blood pressure
independent of average level was obtained by calculating a resk-
dual asystolie and a residual diastolic range. The residual
range measures were calculatcd as the difference between the
actual range for a man and -the range predicted from his average
blocd pressure. Therefore, a residual range of 4 means that a
man's actual range in blood pressure was 4 mm Hg higher than
that expectad from his average blood pressure. Similarly, the
maximum blood pressure measurements were significantly correlated
with the average blood preassures (0.86 for both systolic and
diastolic). Men with higher levels of blood pressure had higher
maximum blocd pressures. Therefore, for the purposes of analywsis,
we aiso calculated a residual maximum measure for each man which
is interpreted in the same way as the residual range measures.
That is, a residual maximum of 4 means that a man's maximum blood
pressure exceeded that expected from his average blood pressure
by 4 mm Hg.

Although blood pressure levels measured on three different
days were highly correlated, ranges observed variled 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 Daily Cardiovascular Measurements Of
Air Traffic Controilers At Work: Flrst Study

N* = 358-360

. A @ 3y W (5 (8 (D 8 (9 (o) )y (2)
pSTOLIC -

:.Averaqe 1.00
J.Range .35 1.00
b ax i mum B6 .73 .00

[Standard
Deviation .36 .94 .71 1.00

bsToLic

_verage 57 .08 84 L1 .00
Range .25 .26 .28 .26 .15 1.00
baximum .57 .23 .50 .26 .8 .54 1.00

:iandard
jeviation .27 .26 .28 .28 .13 .93 .49 }.00

ﬁr RATE

srage .25 .22 .20 .22 .18 .06 .13 .08 1.00
- .07 .26 .19 .26 .13 -.01 .11 -.01 .35 1.00
I naym .23 .27 .27 .27 .21 .06 .13 .07 .89 .68 t.00

' dard
biation .05 .18 .13 .1 .13 .03 .13 .02 .50 .83 .68 1.00

uding subjects on anti~hypertensive medications; some correlations are based on
‘rsubjects than nthers because for some subjects there were too few observations
jlculate a measure., {(e.g. there Is no range when only one measurement was made}.
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Correlations Among Daily Cardiovascular Measurements Of
Air Traffic Contrallers At Work: Across Three Studies

N* =z 256-320

First First - Second !
C Vs vs vs .
Second Third - Third :
: ~ Study Study Studv :
 SYSTOLIC . a
F Average : .5¢ : .57 49
i H
f Range «,02 b .2h }
'Haxlmum ] by .39 ;
[ Standard E
{Deviation .03 .20 - .2 i
|
‘ _ i
DIASTOL IC 3
Average .61 47 .52
Range .00 12 .04
Maximum A6 .30 .36
f5tandard
ieviation 04 .15 .09
!;
MEART RATE i
jverage .54 47 51 'i.
Range .04 A0 .25
flax {mum Lho .36 iy
,‘_tandard
peviation .08 .07 .19

fExeluding subjects on anti~hypertensive medications; some correlations are
based on fewer subjects than others because for soma subjects thers were

too few observations to calculate a measure. (e.9. Thare Is no range when
only one measurement was madej: In addition, the correlations could only

ibe calculated for subjects having a particular measure for al! three studles.
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0.6 across the first three studies for both systolic and dia-
stolic pressures. But while the correlations indicated congider-
able stabllity of level of pressures, the correlation coefficients
were not so high as to obviate the need for multiple studies. Maxi-
rum blood pressure also correlated significantly across studies

for both systolic and diastolic (0.39 to 0.44 for systolic and

0.30 to 0.46 for diastolic). However, the maximum was a leas

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 preseant the correlatlons
among the on~position measures. Three of these tables list the
correlations among all the on-position measures for Study 1,
Study 2, and Study 3. The fourth table lists the correlationa
among the on-~position measures 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 agnd the ~n-~
position measures were interchangeable. However, the on-position
measures were generally more stable ovevr time. than the daily
measures. This way be due to the fact that men's activities
while working a journeywan position were fairly consistent. In
comparison, when off-position and on break, for example, men
could be walking, eating, playing sports 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 pregsure measurements across all man., These
differences were slight, but suggested that the differences
would be more substantial if we compared measures within indi-
viduals. Thus each man would serve as his own control.

. As shown in Table 91 wr. found that the on-positicn measures
t  were significantly higher for most men than their off-position
measures, For exampls, on the third visit, the maximum systolie
and diastolic blood pressures were 5 and 4 mm Hg higher on-
poaition than off-position., Similar changes were cbserved in
heart rates. Furthermore, there was a combination effect evident
in that average blood pressures decreased from visit 1 to visit
3. This ducrease was much greacer for the off-position averages
- than for the on-position averages.

‘ Hcart rate measures alsc were aignificantly different bet-
. ween the times when & wan was on-position and the timea he was
- off-position. Howaver, there were a number of confounding factors

PR fod ) W , d
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"that affected heart rate. Men who smoked cigarettes had higher
average heart ratesg and higher maximum heart rates on-positica
than men who were former smokers 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-position compared to
off~position required further analysis. We found that, on the
average, blood pressure increased under conditions of higher
worklcads and we undertook extended analyses to determine the
strength and sources of thege effects.

Two methods were used to investigate the differences in
individual responses to increasing workload. Hethod A included
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 work donre by individnals for that visit, and on the low day,
their work fell iuco the lowest quartile of all values for that
vigit. One hundred and twenty~three men fulfilled these criteria.
The comparisons of their blood pressuses on their high day and
their low day of workload are presented in Table 92. The average
and maximum systolic and the average and maximum diastolic blood
presgure levels were significantly higher on the high workload
day than on the low workload day. The average systolic differ-
ence on these two days was 4 to 5 mm Hg while the average differ-
ence in diastolic was Z to 3 mm Hg. These results were all
statistically significaant at the .005 level or better. Thesc
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 on the high workload day.

Method B compared men's values for both blood pressure and
workload to each man's own averagers of blood pressure and work-
load across a&ll of his studies. The grand average for workload
included the amount of work domz while blcod samples were with-
drawn., This ylelded an average of 7 to 8 days that we could use
to calgculate each man's average workload. We then selected indi-
viduals who exceeded thelr workload average on one day by 10%,
and on another day fell below their worklcad average by 10%.

One hundred and sixty-one men fulfilled these crireria. Results
of these comparisons are shown in Table 93. Again, the differ-
ences in blood pressures between the two days were measured by
comparing the values on each day to an individual's own grand
gverage for all blood pressure studies. This permitted a parallel
analysis of Both the independent and dependent varilables.




Comparﬁgon Of Men With Themselves When They
Had Very High Workload On Gne Day And Very
Low On Another Day
(N =7123)

PHETHOD A ¥York Compared tao Population Values

Men in the Highest Quartile of Normalized Workload

On Day One and in the Lowest Quartile on Day Two

HIGH WORKLOAD LOW. WORKLOAD DIFFERENCE
perage Systoiic )
i Hg 131.85 127.9] L.34
:rage Diastolic - :
E mm Hg 88.73 85.80 2.93
'ﬁmum Systolic 147.59 141.88 5. 71
bximum Diastolic 99.30 96.45 2.85

TABLE 92 273

L

3.73
b.32
3.29
3. 13

.0005

. 0008
.005

.005
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TABLE 93

Lomparison Of Men With Themselves When oy

Rad Very High Workload On One Day And Very

Low On Another Day

(N = 161)

METHOD B: {Ipsative} Work Compared to Man's Own Average For §

Field Studies.

by 10%, Low Day Falls Below

DAY AVERAGE MINUS
GRAND AVERAGE FOR
ALL BP STUDIES

Systofic BP
mm Hg

Diastolic aP
mm Hg

Maximum Systolic

Maximum Diastolic

+ 2.09

+ 1.76
2,64
1.61

HIGH WORKLOAD

Own Average Workload by 10%

LOW WORKLOAD  BIFFERENCE
- 2.32 L.4j
- 2.4 4.17
- 1.66 4.30
- 1.52 3.13

-y

High Day Exceeds 10% Of Own Average Workload

L4

L, ot

6.69
2.90

h.oo

001 -

. 301
.0l

-001

=T ITIT
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The results were impressive whether “‘ethod A or Method B
was wsed., The difference in systolic average bleood pressure bet~
ween a high workload day and a low workload day was approximately
4 mm Hg, and the difference in the maximum systolic pressure for
high and low workload days also was approximately 4 mm Hg. The
difference in diastolic values was 3 to 4 mm Hg. All of these
results were gtatistically significant. Although only a subsample
of the population fulfilled the critexia of having siguificantly
different worklocads on their study days, it wez clear thac on
the average, systollic hlood pressure increasec feor that sv™sample
by approximately & to 5 mm Hg on days of increased workload com-
pared to days of significantly less workload. There was a similar
increase of 3 to 4 mm Hg in diastolic blood pressure, for both
maximum and average values.

In contrast to levels of blood pressure, variability of blood
pressure was not affected by changing amounts of workloz®, The
residuval ranges for systolic and diasto’iic bloed pressures were
the same under high and low workload ccnditions. However, resi-
dual range was influenced by time on pusition whereas the average
pressure was not. Time-load, our summiry measure, was the sum
of maximum consecutiva time on positicn and the total time on
position during the course of one day. We found that the residuwal
range measures were sigrificantly rel itad to the number of on-
position bleod pressure oiissrvations i 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 observatifons. 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 when they were in the
lowest quartile of time-load, Table 94 shows that for both systo-
lic and diastolic pressures, men tended to exceed the amount of

variability expected from their level pressures by about 3 mm Hg
" on extremaly high time-load days. They tended to have almost
1l me Hg less variability than expected from their level pressures
on extremely low time -load days. These results were significant
at or beyond the 0.05 levzls,

In suwmary, Tahles 92-94, demonstrate that blood pressure
values were increased or decreased in accozd with different
workload conditions. Men's svirage and waximum pressures were
significantly higher uncer extremely high workload conditions
compared to men's average and maximum pressures under extremely =
Iow workload conditionsg. Yurther, when comparing tiwmeload, de-
fined as time on position gurmed with waximum cons~cutive time
on pogsition, there were subsiancial diffecences in men's blood
presgure variasbilicy. These differences were ail statistically

pignificant and seem to represent a real physiclusfcal differ-
ence.
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N 276 TABLE 94

{omparison Of Systolic And Diastolic Residual Range Heasurements

Under Conditions Of High Temeload And Low Timeload
For
Days lncluding At Least Six Measurements On Position

High ’ Low

Pressure Time load Timeload
hamant 2 Kean Mean
i N {s.0.) {5.0.) r ta# p -
\ Y \
- !
ic Residual 6 3.17 -.58 l !
' = (9.30) (11.57) |~.05]1.99| p<.05i

- ! !
e Residual 66 312 -.82 ]
- (7.76) {7.62) .26,3.431 p .01

- i | .

Bime on a working position,

j-top quartile of timeload over five field studies. Low timeload

jse who never experlenced the bottom quartile are exciuded.
b not studied at least six times are excluded.

who were never on & working position are also exciuded.

i range " Actual Range minus Predicted Range given his average
essure.

bt for correlated means

fst occurrence of the bottom quartile of timeload over five field studies.

anti-hypertensive medication during any of the flirst three field studies are ex-

In addition, men who uwever experienced the top quartile of timeload !
Further, men )
Finaily, the blocod F
¢ measurements were calculated while men were on a working position.

hd Is the sum of maximumconsecutive time on a working position and the
High timeload represents the first occurrence 1)

represents

Therc=

-r
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Cardiovascular Predictors for Future H=alth 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 responsivity to work. Specifically, we
computed the difference in average level pressures between the
high and low workload days. However, when comparing the two days,
the men who had the least amount of change in blood pressure
levels tended t¢ have had higher values on the low day than the
men who experienced larger increasas 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. Difference in systolic average bhetween ﬁigh
and low mormative man work drys, controlling
for initial level on law davs,

2. Differsanne in dlastolic average between high
and low novmative man work days, controlling
for initial level on low days.

3. Diflecsence ir mean pressure aQerage between
bigh and low normative man work days, control-~
ling for injtial leve]l on low days.

For the purposes of oredicting future health change, we also
- devised a series of summary blood pressure measures thar averaged
| individual values for the day across three or more blood pressure
k- studies. To obtain characteristic and stable values for indivi-
' duals, we eliminated the data for the men who had been studied

L only one or two tim<s. Further, we excluded data for the men

i receiving any antihypertensive medications. The eight summary

. seagsures that were usad as potential predictors of future healrh
- change were:

1. Grand average of systolic average for the day.

2. Grand average of diastolic average for the day.

3. Grand averasge of sydstolic maximum for the day.

4. Grand average of diastolic maximum for the day.

5. Grand average of systolic residual maximum for the day.
6. Grand average of diastolic residual maximem for the day.
7. Grand average of systolic ragidual range for the day.

et i W e 5 i
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} found in Section V.

Further discussion of the'significance of our findings
' of blood pressure response to differences in work, in terms
| of {ts influence on development of hesalth change can be

«
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SUMMARY

Endocrine Measureg ar WEEE

Cortisol and growth hormone Desasurementsy, determined by radio-
1mmunoaasay of blood‘aamples taken while the men were at work
showed that:

1)
2)
3
4)
5)
6)
7)
8)
£

10)

levels of cortisol were not relatad o body weight,
age, cigarecte or coffee consumption;

other factors that may explain or relate to cortisol
8ecretion are pot yet Ynown;

only 2% €0 32 of blood samples taken showe? signifi. !
cant levels of HGRH secretion; }
maxinum [iGH secretion during the day was not congis-
tent within 1nd1viduala;

maximum Hok Secretion for most men wag 30 small asg tg
be undetectable ip ROSEt &nalyses, confirmming that
mOSt men are not responsive in HGl 8-..etion to
challenging tasks,

characteristica associated with the relatively feu
high HGH Becretors weras: lower welght, pulse Ydate and
blood pPressure, less psychiacric aymptomatology

(a3 measured by the PSS), less uae of physical
activity ag 5 coping mechanism.
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10. Endocrine Measures at Work

3 Among possible variables that might be studied for their
hbility to predict future health, we selected two endocrine mea-
bures that had been suggested in the sclentific literature as
fresponsive to stress - cortisol and growth hormone (see Section
11). We hypothesized that individual differences in these hor-
honial, responses, particularly wich respect to workload, would be
elated to health change. Our procedures for determining the
founts of these hormones secreted by the men, and the methods
pf analyzing the data, are related below, together with the
Fesults.

Jrocedure

. ' Over the course of the study, we collected blood for cortisol
gnd growth horrone determinations during 1,156 participant-days.
imilar to the procedure during measurement of blood pressure,

4 observed the work the man was dolng, noted his behavior, and

n addition, before the start of the work day, individuals filled
but the Profile of Mood States Questionnaire and at the end of

the day, the Subjective Difficulty Questionnaire. They also noted
he nature of their sleep and any time off schedule in the past
jonth, as well ag any change in sleep pattern, As a consequence
if differences in work schedules, 369 men, or 89X of our popula-
bion, had at least one day in which blood was withdrawn, 316 of
hese 369 men were studied 2 days, 243 men were studied 3 days,

[38 men were studied 4 days and 63 men were studied 5 days.

During eacn day of blood collecrion, a small non-thrombogenic

jatheter was attached to a sigmamotor pump, permitting continuous
jollection of blood. Five ml samples were collected every 20
fnutes to & total of 15 samples or 300 minutes of observationm.
his £1ve-hour pericd of study began eicher at 0800, continuing :
ptil 1300, or at 1500, continuing to 2000. A total of 16,792 '
aoples of blood were withdrawvn from the volunteers over the course
i the study, and the same numher of observations were made of work-
pad and behavior, !

- Blood samples were collected in heparinized tubes, and within ' :
2 ninutes of being cnllected, they were centrifuged and the plusma ‘
withdrawn and frozen with dry ice. All cubes to be used in a
iven duy for an individual were labeled with a master label fden-
fied by color roding as well as owserically. In additiom, a label
5 placed on the data sheet containing the obser rationa for that
pMividusl for thu day and ancther was placed in the master log

jxt to the name of th: man “n whom tie pamples were collected. An
an I.D. system was used in gptoring the blood sawmples, 48 no attampt

atheter was implaced in the vein of each man's forearm, and this .
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wag made to introduce secret I.D.s for the blood collecrion pro-
cedure, This was different from the procedure used with blood
pressure measurements. Becauge of the potentiually sensitive
nature of the blood pressure data, a code procedure was used to
mark the tapes on which the blood pressure readings were recorded.

The frozen plasma sanples were kept stored in a freezer at
the field facility and then transported in batches to the labera-
tory at Boston University whe:e they were stored in a specially
designed freezer that maintalned the temperature at ~25°C. This
freezer was protected with dual cowpressors, as well as ap aws-
liary generator for power when the electricity was interxrupted.
The freezer never defrosted during the course of the study, and
no samples were thawed except those removed for analysis.

 Both cortigol and growth hormone were determined by radio-
immupnoassay. Cortisel was siripped f£rom the corticoseroid-binding
globulin (CCS) by adding 40 micrclirers of plasma to a methanol-~
burate buffer and heating for 30 minutes at 6Q0°C. Flfcy aicro~
liters of this mixture were then removed and trangsferred to assay
tubes for binding. No further chromatography or separation of
cortisol was performed, 2s the antiboedy would provide adequate
specificity. A 1:2500 dilurion of the antibody (mude to cortisol
hemisuczirate~BSA conjugate) was added to the tubes end Iincubated
for three Loutrs at room temperature. Separation of bound and
free cortiscl from the antlbody was accomplished by adding 230
microliters oi saturated ammonium sulphace solution and centrifug-
irg at 3,000 rpm for 10 minutes. A 400 microliter aliquot was
removed from each tudbe to a scintillation vial, 10 milliiliter
scintillation solution added, and counted tce 2% atacistics. The
standard curve was made up In triplicate with values rangicg from
one to 50 nanograma per 100 millilicexrs with a senaitivity equi-
valent to detecting ona nanogram per 100 millilicars,

Nonspecific binding for standard tubes ranged from 4% to 6%
and for the aamples, 9% to i2X. The ponspecific binding value wvas

used to correct the cocunis in calculating the cample values from
the standard curve.

There was excellent reproducibility of the cortiscl sasay.
The coefficlent of varistion (standard deviation over the mean x
100) for duplicates, or within assay teproduction, wes 2.96%.
The cosfficlent of varlation Datwea: OF across sssays was 6.41%.

. Human growth hormone was determined by double-antibody radio-
imunoassay. Ssuples ware detersmined fn duplicate, uaing 200

uicxoliters of plasma in each determination. Purified growth hor-
mone standard was provided by Dr. A.F. Wilhalmi from ths Matiounal
Pituitary Agency in the National Institute of Arthritis eod leta~

A
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Jlic Diseases (NTAMD) (Lot #1652C). The 1125 growth hormone
s purchased from Abbott and antisera that was used was pro-

jced in rabbits and used at final dilution of 1:600,G30 (v:v}).

The assay was carried out at room temperature fox 24 hours,
th each tube containing 200 microliters of the sample plasma,
},000-14, 000 DPM of 1123 HcH, 50 microliters of growth hormone
jtibody, diluted with pormal rabbit sera~humaa serum albumin~-BPS
ffer. Separation of bvound from free HGH was accomplished by
dition of a 1:20 dilution of goat anti-~rabbit gamma globulin
§ incubation for 20 hours at room temperature. At this concen-
ption, the percent binding equaled 58.5 + 2.7 percent (n » 10).

~ Standards were made up in triplicate, with eight values rung-
B fron 0 to 32 nanogroms per milliliter in blenk plasma, which
} assayed to coutain 0.25 panograms per milliliter.

-~ Sensitivity of the assay varied between 0.25 and 0.5 nano-
per milliliter, and the contribution from nonaspecific tind-
averaged between 3% and 5. Correction was made for this in
j calculations.

'j Aa with the cortisol asgay, reproducibilicy of the growth
My (duplicates) equaled 2.20% and between assays was 2.92X.
kisol Results

b The cortisol results for 1:,393 values are plotted in Figure
Because there was snme variahility in the time at which men
ted both morning and afternocon collections, our data covered
ks from 0700 to 2040. The regulting curve was similar to that
breed in the literature showing the clesr diurnsl trend both
fhe norning and afterncon. Several things were noteworthy.

t, the valuas were high in comparisen with those reported in
'1itersture. The values aversged 5 to 7 pug/l00 ml than vulues
jreed by other investigators uaing inetentanecus collsctions,
 in comparigon with either values of integrated collections
Jsives of iastantzneous colleacticns, the coptrollers as a group
j sactating significantly more cortiseol durisg the morning sand
sfterncon than other groups reported tan tha literature. These
groups, howvever, wera largely patieats in hospitals or athers
fitfered from our ATC group irn that blowd collactioum ware not
f vhila tha other groups were actively working.

Ve evalunted the effect of venipuncture by comparing the morn-
jod afternoon sasnles of 214 men who were studied at both times.
e vas soms variabilizy in the exact time that pecple started,
mpated the ssmplea collected during the fixrst hour, 1.e.,
es 2=4 with those samplaes collected during the asecond hour of

otte 2808y was cxcellent, The coefficient of var{acion within -

b

Pt o L R o ¢ty e

Y nactive s s



IWIL

0091

FIGURE Q

i 00L/BI J0SLLHOD YINSYd

{(1utod /senian gZg o1 gt)
sAep urwi §Z6
Su0ijeAlasqo £6E'9L




282

i observation, i.e., samples 5-7. Sample I was eliminated from

} this analysis as it was an instantanecus 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 cazes the samples collected dur-
. ing the first huur were higher than the samples collected during
f the second hour with time of day held constant. These data sug~
 gested, as was reported in the literature, that there was a

| voderate effect of venipuncture appareat in the first hour, pra-
‘dicing an average increase in cortisol from 1 to 2 pg/100 mi.

Selection of Measures for Analysis

i As noted, sauples 2~15 were similar in that they represented
ivalues obtained for an integrated 20-minute sample, while the
first sample was an instantanecus value. Therefore, for all
analyses using cortisol resulta, we eliminated the first sample.
e alsc wanted to obtain a measure of daily cortisol for an in-
idividual free of the influence of venipunctura pregent during

the first hour of sample collection. However. Lecause the veni-
puncture effect was of relztively small value and was not a con~
ptant across all individuals, we also chose another measur= which
hould not eliminate values obtained during the first hour.

; Four measures were chosen to reflect cortigol secretion dur-
g the day. The first measure was the total amount of cortisol
ecreted, the sum of all values for samples 2-15. Individvals
pith less than 11 samples for a day were dropped from the analy-
is, leaving a total of 1,106 man-days of studies. More than 90%
jf the men remaining in the analysis had all 15 samples durl g
¢ day they were studied.

The second measure calculacted for each man-day was related

o vhether or not an episode was observed. An episode began, by
inttion, with a value that exceeded the previous volue by 2 ug/
Pt ol. This was a conservative eatimate as previcus investigatora
pod the 2 ug/l00 ml cutoff with instantanecus samyqles. When a
ainute sample differs from s previcus 20-uinute ssmple by 2 ug,
is highly 1ikely that scaetime during that 20-ainute period, the
tisol may have increased by as much as 6 or 8 ug/100 ml. Epi-
es were caiculeted from samples 5 te 15, eliminating the ficst
samples in order to free the anslysis of any influence of
pipuncture. An eplsode ended when & aubsequent gample was equal
or lower then the sample defining the start of the eplsode.

. The third muaure.ot cortisc) was tha number of peaks that
turred during the day, and these Tanged from zero to three with
javerage of .pproximately .8 peaks for all samples observed.

[ Y R
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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 Cortiscl Data

OCne 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 terms of the
magnitude of cortisol response to varying workioad over the numerous
times we studied them., Wa 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-
sivity using three days of data and 316 or 76X of the men could be
assessed on the basis of two days of data. However, since men were
studied both in the morning and the afternoon, it was essential chat
we find a way to combine the resulta for these two periods of time.
It 18 now well established that cortisol exhibits a very strong di-
urnal trend, with values in the afternoon averaging approximately
4 to 5 ug/l00 ml lower., This effect is s0 strong that one finds a
small but significant correlation between the exact time in which
a study was started in the morning or afternoon and the total
amount of cortisol far that day. It was therefore decided to com-~
pare evary cortigol value determined for each individual with the
average of all cortisols observed for that exact period of time.
The individual value was thus normalized with respect to the aver-
age for that exact pericd of time of the day. A total of 13,480
cortisol values were used in 46 different time blocks ro calculate
" normalized values. The resultn were expressed in terms of devia-
t tion from 100 such that if the normalized value equaled 100, it

was equivalent to the: raw mean of that period of time. We there-
i fore could combine morming and afterncon visits, controlling for
' the different times during the day when plasma was collectad for
 cortiso) detemmination.

} Relationships Between Cortisol Measures

The four megsurements of cortisol responaivity during the

t day were significantly correlated with one sauother. The average
i correlation between total area and peak srea for visits 1, 2 and
 J vas .49, The aversge correlation between total ares and number
. of pesks was .29, and thae average cotrelation between the numbar
- of pesks and the peak area was .52. Maxinum cortisol also showed
L an aversge corralation of .84 with total cortisol and .50 with
'yolk cortieol.

_ Despite the consigtency within a givan visit batween the four
jasasuras of cortisol response, there vas relatively low relisbility
hscross visits. The only messure of cortisol response that tad a
pignificant between-visite correlation was that for normalized
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total cortisol. Neither peak- area nor numbes of peaks were con-
sistent between visits. The correlation of normalized total area
from visits 1 to 5 ranged from a low of .23 to a high of .40 with
an average correlation across all 5 vietts of .29, However, the
- first visit did correlate .71 with tha average of 3} visits, znd
.. visits that were closer to one another in time were generally more
highly correlated. Cortiscl response on any sirgle visit was ob-
viously not a trait phenomencon, and it was therefore decided to

average the cortiscl values to cbtain a wmore stable or character-
istic value for each man,

Cortisol Responses as Predictors

We decidad to include only those individuals who had at least

i three studies in the tield inveolving 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 criieria were ful-

- "filled by 231 men. As many of these same men had been studied
four or five times, the average number of studies performed on

thes> men was 3.3, approaching a more stable or valid picture of

| the cortisol responses at work for these subjects.

: We asgesged three different measures of nortiaol response for
b theae 231 men: average normalized total cortirol; average normal-
t ized peak cortisol; average normalized maximum cortisol while on

E position. Table 95 divides the men into low, middie and high groups
 and translates the normalized values into raw cortiril levels for

- &M and PM separately for total and maximum cortiscl measures, and

& Figure R shows high, middle and low groups throughout the day. As
. noted, values tended to be higher than reported in the literature,

L especlally since these values represented a 20-minute average level
¢ rather than instantaneous values.

The table also translates total cortisol into an average value
Lfor the AM or PM to facilitate comparison with published data. This

jvas done by simply dividing tocal for AM or for FM by the average
nudaer of samples (12).

. It is apparent that there was considerable variation in aver-
ge daily cortisol output among the men studfed. The high AM group
frange wvas 13.9 to 21 ug/100 ml for the five hours studied, which
tepresents very considerable cortisol sscretory levels, as does the
fhigh PM group range from 10.2 to 17 pg/1l00 ml. Similar varlation

s seen for maximuy cortisol on positicn with impresaively high
jevels seaen for the high AM and PM groups. Also, a&s indicated in
igure S and T, the differences between high, middle and luw groups
ra not dua to differences in the respopae to venipuncture, Levels
Buring the first hour, and the slope of the curves do ‘not differ

nificanely in viaits 1, 2 and 3} as they would if the groups had
iffaring responses to venipunctuve.

3
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TABLE 95 287

Average Toral and Maxima! Cortisol
Across All Visits Tor Men Vho
Had Three or Hore Studies

Group Mean Low Group Middle Gfoup | High Group
100 7795 96-103 C 104-140
231 17 17 77
13.0 8.7-11.9 12.1-13.7 13.9-21.8
9.4 I W  8.6- 9.8 10.2-17.0
120 © 88-112 113-125 126-180
16.5 10.3-15.8 15.8-17.8 18.3-29.0
13,1 6.7-13.0 11.6-13.1 13.5-25.1
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FIGURE §

HIGH VS. LOow CORTISOL RESPONDERS
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The average total, peak and maximum certisol values for these
231 men were studied as potential predictors or correlates of psy-
chological and physical health change. These studies are reporteu
in Section V.

Cortisol Levels and Workjcad

Extensive analyses were performed to assess any relationship
between cortisol and varioua measures of work (e.g., number of

peak planes, range of peak planes, time on position, etc.). Ini-
tially each visit was atudied separate’y and correlagions were
calculat~d between a man's cortisol rnaponses and various measures
of workload. No consistent relationships across the thres visits
were found betveen cortisol levels and various measures of work.
Thiz " . .counsistency reflected in turn the separate inconsistencles
of each of the variables being correlated, {i.e., men naither showad
a conslstent level of cortisol over time nor were they particularly
consistent across studies in the nmumber of planes they controlled
or the total time spent on position. The nature of work performed
is discussed in Sectiou IIT B 7, Measursment of ATC Workload.

In orde~ to control for differeuces acroas visits, we also
analyred the relatiouship between work and cortisol within a visit.
As showm in Table %96 the maximum cortiscl while on position was
significancly higher than the value off pogition Zor all three.
vigita., Off poaition included data position as well as being on
break or assigned to otlier detaila for a short time, On position
included radar, handeff, training, check code wonitor. Alrhough
statiscically highly significant, the actual difference in corti~
80l levels between on .versus off position averaged only five nor-
nalized units or approximately 1 13/100 ml of cortisol. however,
as 18 discuased in the predictive section, men showed ailgnificantly
different responsesa to increased workload.

- Total cortiscl for the day, pesk cortisoi or number of secre-
. tory episodes were rot siguificantly higher while on position than
vhile off position.

: We dlso were able 2o compare men on two diffsrant visits with
L - Yespect to varying workload. We s~lactad 90 whos: workload on one
.. day was in the lowest quarti'e snd on another day was in the high-
a4t quartila. Thdis mechod of sgelection meximired the opportunity
i for observirg any influence of changing wrkloed cn corcisol. The
. resulis are summarized in Table 97. HMHiximum cortisol was sisgnifi-
- cantly highar during high workioad. The difference ir actual cor-
|- tisol levels beatween high and low workload days wus 1.44 ug/100 mi
E (7.20 normalize. wnirs). Howevsr, total cortiscl or peak cortisol
. ¥are not significantly higher om high workload days.

P




292 TABLE 96

Comparison of Cortiscl Levels When Working
On Position Versus OTF Positron

Maximum Cortisol Observed, Normalized (controlling) For Time

N = 227
Visit | Visit 2 Vizie 3
hx. 0n Position 117.76 120.71 120,33
). O0ff Pasition 113.47 117.23 113.07
Average Maximum On Positlon 119.60
Off Positlan 114,59
——— 0N
Diff 5.07
! Way Analysis of Variance
¥ Repeated Measures On vs. Off F = 38,51 p <.0001
, (df 2,226) :
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TABLE 97
Comparison Of Maximum Cortisal Response in Men
During Very Righ And Veéry Tow WorkToad N
N =90
Highest Quartile Lowest Quartite '
Workload Workload Difference
L Maximum Cortisol i
- __(Normalized) 125.54 118,34 7.20 :

Onec-way Analysis of Variance for Repeated Measures

F - 4.52 (df = 1,83) P <.05 - o
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We were surprised that cortisol levels were not more directly
related to workload. Several qualifiers must be added to thie
jpoint. We have focused our efforts primarilv at whole day analy-
[ses, with the exceotion of comparing on versus off position within
4 given visit. Theu+ analyses did support the conclusion tchat
Inaximum levels were higher while working. However, the affect vas
hot large. We were not able within our report deadline tv analyze
ore carefully withia a day, for example, whether or not cortisol
frises following & major rise in traffic. We also were not able to
koritrol for mood at the beginning of work, amount of sleep in re-
fent uights, or subjective responses to the day's work. Neverthe-
jleas, 2 ratcher un-sxpected finding emerged and is discussed under
predic-ors of mild and moderate illness. Men who consistently
phowed lower cortisol responses to work had significantly more ill-
iess than chose with middle or high cortizol levels.

3 In summary, it is apparent Lhat on the average our participants
howed very gubstantial differences among themselves with respect
total daily cortiscl, peak cortisol and maximum cortisocl levels
philie working. Levels of cortisol were not related to body waight,
hie, cigarette or coffee consumption. We found chat there was a
fendency for maximum levels to be higher while men were. on position.

jere examined by comparing the frequenry of 1llness smomg those
pith low, middle and high cortisol levels whan we studied them at
pork. Thig compaiison is Teported in Sezction V.

b man Growth lormane (HCH) Results

 A.i blood samples from the first and evcond rounds of blood
toliectiong in the field were also analyred for their growth hor-
one content, using the laborztory methods already described. In

he first round of studies, 368 men parti-ipated, yielding a total
pf 5,349 blood samples whose HGH content was determined. in the
econd roupd of studies 299 men participated for a five-hour day,
jitt blond semples taken every 20 minutes. A total of 4,361 of
these samples were analyzed for HGH content. As the sensitivity

f the laboratory assays varied, but was assured at tha two nano-
ramg per milliliter lzvel, wve decided to consider all HGH values

jt ot below 2 umg/ml as a aingle category. In this way, we avoided
possiblae errors introduced in attempting co distinguish betwecn
jery small, clinical urimportant levals of HOH. For many of the
routh hotwone data ansiysea, four levela of secretory activity were
dentified: O to 2 ng/ml, 2.1 to 4.9 ng/ml, 5.0 to 9.9 ng/ml, and
0.0 or greater ng/ul.

The distribution of growth hormone levels for all plasms sam~
Hes of vieits one and two are displayed in the table below:

joreisol responses at work as a possible predictor of health change

b
3 .
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Digtribution of HGH Levels for All Plasma Sampnleg of Vigits 1 and 2

Visit  Less than 2.0 2.1 t0 4.9 5.0 t0 9.9  10.0 plus A
1 91.1% 6.22 2.0% 0.82
2 93.52 3.82 1.82 0.51

It can be readily seen that the vast majority of blood samples

contained minimal or even undetectable levels of growth hormone.

Only 2% to 32 of al! samples showed levels of 5.0 ng/ml or greater,

the threshold commonly used in che growth hormone literature to o
indicate a significant level of secretion. @

The following table ghows the maxinun.level of prowth hormone
experienced by the men in the course of a atudy day:

Percent of Men at Different Levels of Maximum Daily HGH Secretion

~ Vigtr Lesgg than 2.0 2.1 to 4.9 9 to 9.9 10.0 plus ]
1 (368 men) 60.12 22.8% 11.3% 5.7 }
2 (299 men) 68. 6% 16.42 10.9% 4.02

Although 90X of the growth hormone samples had concentrations
of 2.0 ng/ml or leas, only 602 to 707 of the men completed an en- ‘ !
tire five-hour shift witliout having a value above that level. , o
There was . .iso a tendency for higher HCH values on Round 1 than ‘
on Round 2. This was consistent with the hypothesis that antici-

pated pain or discomfort, or simply the novelty of che initial day
of blood gampling created stresses that ma; have raised HGH levels,

e e e

Cathscerization Effect

. To examine for the possibility of a catheterization effect,
all samples collected wers sorted by their ordinal positiom during
the day for each man studied. Thus, regardleges of the time of day
when the catheter was ingerted, the first sample was labeled #1 and
the sample drawn one hour later, #4. For thas entire firat round of
studias only 3.8% of the szmples had a HGH lavel greater than 4.0 :
ng/ml. However, for samples 3 through 7 of the 15 samples drawa
on esach man during uia first day, the percentage.of values greater
- than 4.0 ranged from 6.1X to 8.5%, the latter being the frequency

- of elevated readings on sample 5, It ahould ba notad that the third
. sawple was gathered 40 minutes after insert{on of the catheter and
j ripresencs a moving average of HGH levels from the period 21 to 40
t ainutes after catheterization. Only 3.6% of the blood sampleg re--
[ presenting the accumulation from 1 to 20 minuted after catheteriza-
. tion were greater vhan 4.0 ng/ml. Uhat is surprising is chac the
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t - level of modest and higher elevations in HGH continued through

- the 7th sample which represented blood gradually gathered from

. 101 to 120 minutes afcer insertion of the catheter. It would
seem, therefove, that 1f in fact these elevations represented

& catheterization effect, the responsivenesc of the growth hor-

[ mone system (1) must have caken at least 20 winutes, (2) was

. highly variable from subject to subject and {(3) occurred in only

- a minoriey of all subjects undergoing this procedure. This ele-
‘vated frequency of higher growth hormone levels from 21 to 120
minutes after catheterization observed for visic 1 did not repli-
- cate in vigit 2. For this visit ornly 2.8% of all sacmples had HGH
| concentratlong greater chan 4.0 ng/ml, and the highest percentages
- among the five gamples J through 7 were 1.6% and 3.7%. The two
j-ordinal sample numbers having the highest percentages of HGH ;
. greater than 4.0 ng/ml were samples #10 and #15 which occurred

I toward the end of the day. This leaves the question of whethar
‘or not HIGH 18 normally elevated as a function of a cathetezizacion
. effect with rather equivocal results. The modest, occasicaal,
‘gomewhat delayed set of elevations during visit 1, which might

~be construed as & catheterization effect, clearly did net repli-

| cate in vigit 2. :

e L L

b 'Diurna), variation

The next issue wa investigated was whether or not there was
fa diurnal effect on HGH eacrecion, auch as chat consiatently ob=-
jatrved for cortfsol. it was necessary to control fur visit number
I{n order to test the differen:e batween morning aud afrernoon,
inasmuch as ir nas been shown that first visit HCH values tended
kto be higher than those at the second visit. We therefore selected
tw groups of man: those whose first study was during & morning
and second study wai during an afcernoon, and the second group

ose firzt study w2s during an afterncor and whose second study
bias duzing the morning. For each of fhese men in the two groips,
BiCH levels were plotted by time of day according teo the same 20~ .
minute intervals at wiiich blood was gathered. Figure J shows the

percent of total samples drawn at each 20-minute period with HGH ;
was of 5.0 ng/ml or greater,

IR e TS 68 i SRy

|

f The following inferences can be drawn from the graph: (1)

More high values of HCH were chserved in che aftemoon than in

he norning; (2) thare wers no trends hour-by-~hour within the
potning or within the afternocon; (3) for the two groups salactsd

by theso definitions, visit number was not important. Tha pre-~
fotsly chaerved "viait effect” cust have come from persons whe

;rc studied in tha afternoon on both days or in thes morning on

oth days or those who had only one study and refusad participacion
n later days; end, (4) these two groups Aifferad i1 total poten~
flal of HCH secretion, in that the group whose first study was in
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E the afternoon and sccond study was in the morning tended to have

f mcre high HGH secretions w matter what time of day they were

' studied, This may have been either a randem phencmenon, "the luck

' of the draw,' or {t may have been due to some self-selective pro-

j cess related to who was willirg to have their flrat study performed
j during a given ahdifc,

| Consistency of HGH Responsivicy Over Time

Did the men who showed HGH apikes during the first day of

[ study also lLisve the same secretory pattern on other days? HGH aa=-
j says are time concuming and expensive and therefore were performed
f-only on blood samples of field visit days L and 2, with a small

‘ additional analysis from visit 3, described later. Two hundred
f.and ninety-nine men had completad HCH data for 2 study days. Table
"98 shows the consistency of the maximum value for these men on each
f of these two days., It v1ll be noted that consistency s very low

| and that the maximum readfng -for most men on most days is so close
£ 10 zero as to be undetectille In most lab analyses. Even for the
15 nen who had one or more HGH values between 5.0 and 9.9 ng/ml on
- the first acudy day, OO% had al) values less than 2.0 on the second
| study day. Only for the 17 men with a value of 10.0 ng/ml or
greater on the firat day did a majority also have at leagt a 5.0

i ng/ sl secretion on the second day. The 59 men who had at least
cone HGH value of 5.0 ng/ml or grester on one {but not bath) of the
tw study days were checked to see what their secretory pattern was
L on their third study day, if in fact a third dav's blood samples

. had been drawn. Completa sets of frozen piasma samples from the
third atudy day ware located for 54 of the 59 men who had on one
 occasion showed one or more samples with HCH levels of 5.0 ng/ml

| ¢r greater. Of these 54, only 5 had one or more samples again at

- that elevated H3H level for the third day. Thiz relatively low

. yleld again underscored the strong tendency for usual day-time

| levalz of HCH activity to remain very low in most persons most of
the .ize despite mentally demanding tasks. The finding also under-
 scored the low coneistency of response patterns on different study
'd.y"

: Phystical Correlates of Elevated HCH Secretion

‘ Tha next major get of snslyses concerned the searcn for char-
_‘ acteristics of those persons showing the potential for sacretory

- bursts of HGH. To those 19 men who had HCH values of 5.0 ng/ml or
mote 0n both af ths firet two study days, we added the 5 men among
‘the 54 whoge third sctudy day plasmas veres analyzad and who thus

) qualified as having one or more high HGH levals on two of chree
 deys. Thia high secretocy group (N = 24) was then compsred with
1)L men who had no valuasd exceeding 2.0 ng/ml for the first daya,
i hinety wen who had ona or more values grester than 2,0 ng/ml but

- O Y
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TAEBLE 98
Human Growth Hormone
Consistency of Maximum Value on Two Stiudy Days
with Fifteen Blood Samples Analyzred Each Day
Maximum HGH Value (iIn nanograms)
Second Day
<_2-0 2.' - h-s 5-0 - 9-9 IO-G'* Total
2.0 130% 3 14 2 178
73.6% 17.43% 7.9% 1.1% 1003
2.1=-4.91 k6 13 6 4 " 69
s 5.0-9.91 2t 4 8 2 35
- 60,0% .42 22.9% 5.71% 100%
-
za 10.0+ 7 I 5 4 17
z 41.2% 5.9% 29.43 23.5% 100%
[
[E
E TOTAL 205 &9 33 12 299

% Number of Men
4k Parcentege of men at each Flrst Day's Maximum Leval having ztated

t . Haximum on Second 3Jtudy Day.
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less than 5.0 ng/ml on either of the two days, and 54 men who had
& value of 5.0 ng/ml on only one of the three days for which data
were avallable for them.

A substantial number of physical exam findings were associated
with the tendency to have at least occasional secrctory epigodes of
HGH during waking hours. The 24 high secretors were substantially
lower in weight at intake than the rest of the men. Thelr average
weight was 170 pounds compared with 183 pounds for the entire group
participating in field studiez (P = .02). Their pulse rates were
al2o conaiderably lower at %8 bpm va. 72.3 bpm for the entire group
(P = .02). They also were closer to ideal weight, being only 2Z
overweight, whereas the 131 men who never had a measucable elevated
HEGd averaged 12% overweight (P = ,007). These same findings were
teplicaced at the second round physical examination and in addition,
resting casual blood pressures were studied and found to be lower
in the HGH secretors. This group had average blood pressures,
124/86, whereas the nonsecreting group had pressures of 130/90.

The systolic blcod pressure difference was marginally significant,

(P = ,97), while the diasteolic blood pressure differencé was clearly
significant (P = .02).

Payc'waocial Correlates of Elevated HGH Secretion

Several psychosocial characteristics ¢f the various HGH secre-
tion groups were also found to be of marginal or clear significance.
For most analyses of variance, the bulk of the F astatistic for sig-
nificance came from the distinction between tha high secretors
(N « 24) and the other three groups with varying levels of low HGH.
The men with demonstrated capacity for high growth hormune secretions
showed less pathology on the PSS at Round 2. They had no inatances
of significant alcohol abuse (P = ,04) and no instences of serious.
work role impairment (P = ,06). Nevertheless, they tended to show
somewhat more depreasion on the POMS at Intake Into the study (P = .04).

Men with higher HGH secretions tendod to report more life changes
at the Round 2 examinaciona. This only reached significance for the
self-ratings of how distressing these changes had been (P = .03).

The high secrerors also ware the least likely to vae physical acti-
vities as a coping wechanism (P = ,031). A number of other findings
wvare statistically eignificant or marginally so, but some of these

reprasanted curvilinear sssoclations which wera eyaentially uninter-
pratable.

In summary, men in this study who were HGH resporders tended to
ta close to ideal weight, to have somewhat lower pulse rates aand
blood premsurea, to show more depression, and to be wore distressed

by their recenr life changes. Despite this tendency to emotional
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they did not let thesa unpleasant affects Interfer
tk role purfrruwance or lead them into alcohol abus
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SUMMARY

Special Interview Ratings of Investment, Coping and Burnout

On the basis of answers to questions regarding the ATCs' invest-
ent ic their occupational identity, their methods of coping wich

burning out, two psychologist interviewers provided ratiags fo¢
each ATC on these dimensions,

It was found that BOSE men were highly invested in their ATC
identity and were coping moderately well with heavy days. Less
than 5% were rated at very high levals of burnout,
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11. Special Interview Ratings of Investment, Coping and
Burnout :

Because a large number of our psychological predictor vari-
ables were self-reports, we added a speirial series of interviewer-
rated characteristics. These characteristics were: investment

t 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 eacn area a kay question or two

L' was asked, and chen the interviewer followed up responses to

R clarify his clinical impression of the rating to be made,

: The interview and ratings were made by the psychologist who
f adninistered the PSS to an AUC. The two psychologists who made
 2ll of these ratings, Dr. Thcmas Hefele and Dr. Michael Hurst,

} conducted 20 interviews together and made separate ratings. The
[ inter-rater reliability was over .90 and ratings differed by no
faore than plus or minus one unit on & scale from one to seven.

. Two questions were used to develop a clinical sense of invest-
ment. Controllers were asked how important it was to them person-
plly to be an ATC. Their answers were rated from one (not at all
jrportant) to seven (extremely important). A large percentage
pesponded that it was very important bacause of the money and the
ptatus, but we inquired further to determine whether their rea-
jons were purely pragmst.c, producing lower ratings, or whether

bhey involved the controller's sense of who he wsa as a persom,
fesulting in higher ratings.

For the second investment question, we asked the controller
p provide six words chat would help answar the question, "Who

p 17" The words were recorded in their exact order of present-
on. If ap ATC failed to wmeantion the word "controller" or

C," we asked where he would put it among the gix he presented.

E The interviewers then considered the importance a subjiect
tuched to being an ATC and the rank order of his placement of
IC" in response to the guestion, "Who sm I?" A high racing

P glven if the importance was high and “ATC" was the firot
paecend word in the list of six. A low rating was given if

) Impartance was low and "ATC" was mmsntioned last or not at

»  Middle ratings were given for responases betweetn these
Femes ., -

i The coping ratings were based on the reaponsés to threas

B-in questiona, followed up with whatever questions the inter=-
jer consldered necegsary to make the rating with confidence.
[three questions were:




1. How do you handle the stresses of rhe job?
2. What do you do wien you have a very heavy day?

3. How do you handle training duties?

The interviewers made a rating from one ("no “oping amech-
anisms") to seven (Mvery effective mechanism”) for each of
these questions. High ratings were given for active, problem-
solving and effective approaches. Low ratings were given for
drug use, explosive bahavior, and no problem-solving activity.
For example, a high rating would be accorded to someone who
did something relaxing during a break, and & low rating would
L. be given to someone who obsessed over a difffculty. Similarly,
E  one who would take & walk and work out che difficulty was

. given a high rating whereas one who tri:d to avoid thinking

j. about the problem because he would get upset was given a low

" rating. The main criterion used o make ratings was whether

. or ot the coping activities were goal-crientea, effective,

¥ and healthy behavior.

; The three coping ratings then were used ac the basis for
b aseigning an overall coping rating. Again the rating was
from one Lo seven and was a total clinical agsessment combin-
i Ing all the information obtained from lead-in and follow-up

} questions.

3 Four genersl questions ware used to provide a basis for
! making & burnout rating:

1. When things are starting ro go "down
the pipe" for you, how do you react?

2. Do you find youraelf worrying ahout
your controlling ablllty when this
happens?

3. Do you axpect to last until normal
retirement age?

4. If not, why not?

‘ For these questions, the interviewera comceqptrated on come
fairing past behaviors and expectations with present ones.

hose who got more upset fn the present than in the past, who
§d not expect to last until retirement, and »ho anticipated
hdical /peychireric difficulties were given high burnout rat-
igs, with "seven" the highest burnout rating and "one" -he
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Men who were ~almer, wore confidenc, and hopeful
about working to retirement we,e S8iven low burnout racings.,

Table 99 displays the distribution of ratings for each
4rea assessed by the clinicaj intervievers, Most men were
highly invested 1n the ATC identity in the Personal psycho-
logical sense, Only 16% had very low investment. The majo-
rity of men were rated in rhe modzrate range »n the coping
9% to 15% rated very highly. Finally, less
than 5% were rated &L very high levels of burnoyt,

Table 100 displays the correlations of the interviewer
tatings with the BGSt similar self-racnd scales from rhe ATC
‘ Questiomnaire, Incerviewer ratings of investment wers only
S slightly related o self—ratings,
lap between the two, Burnout rtatings were highly related to
the bounccback-hurnout self-raced faccor, Suggesting that an
external evaluarc ‘g 45sessment can he quite similar to an
; individual'g OWM asuessment of burnout. The interviewer-

" rated COPLIg variables had lirele or no relationship to an

individual's oun, ‘ating of how effeccive
were,

the interviewer ratings
slons that vere different from thoee self-reported

b utility of ehe 1nterviewer-rat1nga and self-ratinga-can
} dted from oyr Predictive Eindings reported In Section V.
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indicating very lirtle over-

his coping mechanismg

Since the investment and coping factors were multi-dimenaion&l,
pravided irdependent evaluaticns of some

. The 4
lack of correlation berween self-reports and interviewer tatings ;
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TABLE 99

Distributions Of Interview Ratings
Of Investment, Coping, And Burhout At Intake

% Of ATCs Rated At Each Level

;'Qualitative: Very Low Moderate Very High Number
Quantitative: I -2 3 -5 6 - 7 Rated
Investment 16.23% 39.0% bi Bz his
iloping with
stresses on
j 32.8% 56.7% 10.5% 11
OpiRg with
ork-days 26.8% 56.6% 16.6% L5
oping with
26.0% 64.3% 9.7% his
21.7% 69.2% 9.1% 4is
65.1% 20.3% L.e% Lis

———————
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TABLE 100 i
Correlations Between Interviewer And Self-Rated
Investment, Coping Effectiveness And Burnout#®
_ Correlation Self-rated scale on the
hterviewer Rating with ATC Questionnaire
vestment .10 Investment Factor
, Tp«.05
~.62 Bounceback (High)-
( p<.0001 Burnout (Low) Factor
:i'ng with stress on the job .0% Coping effectiveness scale
{N.S.) i :
1 H f
S . i *
ling with heavy .09 Coping effectiveness scale ;
days { N.S.) i
. ) )
ng with training .08 .Coping effectiveness scale i
2 UN.S.) . .
1} coping .08 Coping effectiveness scale
ftiveness N.S.

b402 with all measures used to compute correlations.
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The data
b included

1)
2)

K}

4)
5)
6)

7)
)
9)
10)
11)

SUMMARY

Methods of Mezsurement

collection system devised to ascertain health changes
the following:

Health History Form

Monthly self-reports via a checklist of symptous
mailed o the ATC and back (The Monthly Health Review)
Monthly self--teport of anxiety and depression via

a checklist of symptoms {Zung Anxiety and Depression
Scales)

Physical examinations by a physician at approximate
$-month intervals at Boston University Medical Center
Psychological examinations during the same visits to
Bosten University lledical Center by two psychologists
Audiclogical examination at Boston University Medi-zal
Center

Laboratory tests (blood chemistry. urinalysis)
Serologic tests for syphilis

X~rays »f the chest

Clectrocrardiogram

Tests of pulmeonary function,

.

7
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-Met,wds of Measurcment

1.

- The essential central consideration for the Air Traffic Con-
froller Health Change Study (ATC HCS), or any other project in-
olving the continuing surveillance of healch states, was the
hatablishment of a avstem for ascertaining the full gamut of {11~
esses and injuries during the surveillance. Many longitudinal
tudies of the health of industrial groups have been performed,
d it was expected that we would be able to select from among
jveral well-eat:blished health reporting systems on one which

g8 well suited to this project. A sufficiently comprehensive
Jalth ascertainment syscen with established validity was not

d, but we were able to profit by prior work in our efforts

j assemble such a system for this study. This section describes
¥ general approach to this task, indiciting some weaknesses and
pblems to be avoided. Later sections describe in detail each
bthe several compunents of our final health ascertainment sys-—

.

i "Heclth change” is indeed a broad concept. It includes
nges of a pusitive as well as a negative naturé. In view of
generally gooa health enjoyed by all of the ATC HCS partici-
§s ar the beginning of our project, and taking inte account
tdirection of ecphasls usuvally present in the medical model
fdiagnosis and treatment, our study concentrated on negative
th changes rather than positive ones.

lil:ion of Health Change

The determination of a change from a "healthy" or "normal
' 1z quite simple for clearcut inatances of serious disease
fury. The task of determining a change from a healthy state
by more problematic, however, when one attempts to include

Wil range of human ills, particularly minor conditions,

ich condlitiona are considyred illness or diseases and

are considered merely variations of the "normal state” is,

3  final analysls, determined by soclety. Different sociasl

f vary in what they cons.i+r to be illness. This heolds, not
pt other cultures, but also within our own society where

nt social classes and the two sexa2s differ sharply in what
they conaider to be "symptoms of discaze" and what cir-
jces lead them ctou take sick leave or to consult a doctor.
pusulting a variety of sourcas, including the work of the

j Centzr for Health Statistica of the Department of Health,
in and Welfare (US DIEEW, PHS Publication Ho. 1000, May,

he gtudy team defined negiative health change as any condi-

fing ¢ne or more of the following characteristics:

. s
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(a) it creates unequivocal sustained pain or discoufort
to the sublect;

(b) it causes ~ loss of ability to perform one's usual
© activities for a day or more;

(c) it is datermined by medical examination or labora-
' tory test to pose a threat for the futurr continued
well-being and normal functioning of the subject.

- If the deleterious health change was attributabie to an iden-
tifled physical insult, whether the agent was mechanical, thermal
Bor chemical, the health clange was termed an injury. Otherwise,
it was termed an illness.

3 The issue of distinguishing between true illiness .nd complaint
Pbroavior ig a critical one for any study of health chunge. Th»

findependently of verbal report of the study subject., 7This can only
¢ done for a few conditions, such ags hypertension. for the great
jajoricy of genuine health changes, however, verbal report by the

the part played by more objective findings from medical examination
r laboratory, the mors convincing the dizgnosis decision. Never-
heless, even if no objective finding: are possible, 1f the com~
aint behavior leads to assuming the "sick role” with its atten~
fnt reduction in occupational and social fuanctioning, we must con~
e that we are dealing with genuine discase in the histori:z ard
elal definttion of the term. The only question remaining is

pther the disease is somatic, psychosomatic, or more purely emo~
bnal. For these reasons, as well as the consequence of cur cri-
ia of diseasa (above), we included as health changcs not cnly
jatic digorders, but psychiatric disorders as wall, providing

it they created unequivoc..l suscaiced pain or disceafort, or

ged & loss of ususl function, or posed a thveat to the futura
f-being of the subject. Oux range of procedures for zscertain-
Fhealth change was conatructed to be appropriately broad to

jt this full range of forus of pathology.

ulth Change Data Collection System

EThe system designed for ascertaining health changes in the
S had the following attribures: it relied both upon frequent
jtepust and periodic in-depth examination by a physician and
jchologist; it employed laboratory testa to detect subclinical
jtiong in somatic health and, {n like manner, used quantified
blogical procedures to determine subclinical chenges ih emo-
jand gocial adjustment; -it probed systematically for indica-
tof physical illness, injuries and emotional problems; it

ftudy subject plays an essential part fn the diagnosis. The larger

Bdeal circumstance would be to be able to diagnose diseasz completely

o ab R W e
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screened tmonthly in a superficial manner for the more common signs
and syuptoms of health change in order to insure relatively com-
plete detection of thoac conditions which were mild and of short
duration, and hence, likely to be forgotten after a month or more;
it examined at nine-month intervals for more serious or chronic
conditinns. This schedule represented an optimum solution to

three different needs: the need to moniltor health change closely,
to keep examination costs within feasible limits and to waintain
participant motivation to continue in the project. The balancing

of frequency and depth of data collection on health change was
gulded by research from the National Center for Health Statistics.
Reports from NCHS showed that the relative volume of illness re-
ported per unit of time declined as the length of recall period
inceased. One study found that in sample of persons known from
physician's office data to have visited the doctor within a two~
week period, 362 of doctor's visits failed to be reported to survey
interviewers, even though other relatively sensicive health data
were often volunteered. More seriocus medical events had a higher
probability of being recalled over longer periods (US DHEW, Natiopal
Center for Health Statsitics, Series 2, No. 7, July, 1965). Although
weekly or biweekly repoxting by malled questionnaire would have
been desirable in the ATC HCS from the point of viaw of reducing
forgetting, it was decided that a request for more frequent compre-—
hensive reports would probably lead to greater subject resistance

. to the study, and thus, to more carelessress in reporting and a

b greater failure to respond. Similarly, the scheduling of the com-

} prehensive physician examinations was derived by balancing the costs
. of repeated examinatlons, the yleld of newly discovered eveats aa

E & functlon of interval, the desire to maintain 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 which comprised the system for

}101 The =able specifies what data were collected ezch mouth,

ithose collected atr periodic medical examinations, and those special
sources of information aought out at irregular {atervels from hoa-
bitals, doctors, and other sources when rarticipants _ave indication
fusually through the Monthly Healih Review) that they had in all
hvobability incurred a health change &nd hsd consulted one of these
syrces. ' )

}~trumenta and Methods Used_in Dﬁ:a Gathering

. The non-copyrighted data-gathering instruments listed in Table
Pl are appended as Exhibits to this report. A brief description
| each fallows:

e - -
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Quastionnaire

2. Physicat
Examination

3. Psychiatric
interview

h. Health
Checklist

5. Food Checklist

& Physlician and
Hospita! Reports

7. Special Diagnostic
Tests & Consultations

8. Sleep
Questionnaire

9. Headache
Questicanaire

P b TR

J:mhd;t medical history X

Familv history X X
Smoking, eating, drinking habits,

medlcations, and review of svstems X X
Physical findings, SP XX
Timed vital capacity X
EKG X
Chest films X
Urinalysis, CBC, E£3R X X
Serology X
Audiological examinatlon

Psychiatric Status Schedule - X x

Physical signs and symptoms as
aplicdes, continuing problems,

or lsolated events

Accldents and injuries

Davs lost from work and days below par
Visits to physiclan or hospitalization

Zung anxiety and depression questionnaires

. Records of illnesses, diagnoses

As required to make diacncsis
Characteristics of sieep complaints

Characteristics of headache complaints

Mo »

E

»
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X
X
X
X
X
X
X
once
once
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Reﬁiew of Health History

Usrally, the first cask facing each ATC participant at each
of his five examinaction viaits at nine-month intervals to Boston
University Medical Center was to complete this comprehensive
health history form. Early ic the atudy the queations were dis-
played and responzea wmade at a computer video terminal. Later,
however, it was found more efficlent for the participant to £111
out a printed form and take this with him to the internisc at the
time of his physical examination. This permitted immediate re-
view by the internist of all replies, questions atcut uncertain .
points, and greaier emphasis on certain parts of the physical S
examination and mclical hisrory guided by positive answers on the I ;
health history form. After the participant's wvisit, the health i
history, as clarified by discuseion with the internist, was en~ i
tered into compucter files, enciphered, and added to the rest of '
the participant’s health data. The health history coneisted of
a 12-page form which deait with the following categories of data
in sequence: hig oun and his family history of major diseases
(after the intake round, only changes in this family history were o -
recorded), smoking history, regularicy of mecals, consumption of : I
caffeinated beverages, sleen patterns, use of “over the counter'
and prescription medications, a symptoms checkliat reviewing the
foliowirs systems: ophthalmie, otolaryngologic, respiratory, : A
cardiovascular, gastrointeotinal, musculoskelatal, genitourinary, | F
hematolcgic, endecrine, dermatologic, wnd neurologic, aliergies,
exposure to toxic subsiaunces, and surgical interventions.

et A

[P

These data were stored on conputer tape and were used {n a
number of analys-~s dealing with later development of symptoma in
various organ systems, The rbility o) the data to predict later
health change was also analyzed., We were particzularly interested
in the development f respiratory, geastrointestinal, ari cerdic-
vascular conditions ~= the categories which have proved to be
most frequently involved in the health changes in this atudy popu-
lation., The main inmediate use of thesa data, “wwever, vas to
help the physician to gather a comprehenzive prilnary snd iaterval
sedical history, to suggest the need for more specific nun-routine
diagnostic procadurea, and to assist in making diagnowes. Diug-
noses of medicel conditions derived from this data-gathering in-
strument, aa well as 211 othera, were racordid on diagnoatic health
change forms by the physician and entersd {nts s ssparate computzr
file, The fact that the health history comtributed data to ths
making of the diagnosis L& recordad whers applicabla on the diag-
nostic sunmary. 1lhe protocols and prccedurss Jor tha diagnonis of

R L L R S P

*  healrh change are described in sections of ¢he report to folliou,
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Physical Fxamination

The physical examination made at nine-month intervals was
gulided by an extremely dctalled checklist foru wlich reviewed 19
systems of anatomy and physiclogic function in 2 sequence compat-
ible with the usual thorough medical examination. All systems
wera examined at the initizl and final visits; the third visi~
omitted rectal exawingtion; the briefer Round 2 and Round 4 exam~
inationas included only heart, lungs and abdomen, in additioua to
recording vital statistics. Pocitive findings were checked on
the pre-coded forms, or oczcaslonally, for nnusual findings, writ-
ten in space provided. These data were thzn entered ilnto parti-
cipants' files in terms of a possible vocabulary of over 906
six-digit entries, each =ignifying a specific type of clinical
observation. Thase were, in turn, enciphered, and in addition,
the identification number ¢f the participant was enciphered so
;thag a doutle protaction of confidentiality was agsured. The
bulk of these dara files contained negative findings reflecting
the general go.d health of the study group. The relatively few
positive ir— -larities noted reflect a great variety of usually
minor deviations from the norm. Many of these deviations apnear
to have nc long-term implications for health, but they were re-
corded, nevartheless, in the interests of cowmpleteness and thor-
oughness. The data within the physical examination which are
most amenable to staztistical treatmeny are a series ol continu-
ously distributed variables recorded on tne face sheet of the
exam form. These include hefght, welght, pulse, respiration,

and repeated maasures of blood pressure in standing, sitting and
. suplne positions. Findings from the physical examination and

E- medical history at intake were carefully recorded and referred

[ to pariodically to determine whether new madical findings repre-
i sented a continuacion or exacarbation of a condition sxisting at -
j incake ov whecher the, represeated a ner health change.

Laboratory Strr.ies

1 At cach of tha five visits participants mada to ﬁontéﬁHUni—
j versity Medicel Center for physical and psychological exsmination,
j comprehensive laboclatory studies wvere performed. These testa,

L indices (wean corpusiulaE volume. mean corpuscular hemoglobin,

j and differentiazl count of leukocyte vaurieties. Also performed was
‘a urinalysie, including a descriptivn of the sediment of the cen~
L trifuged speciman.

| performad on fresh specimens obtained st each visit, were erythro-
E cyts sedimentation Tate, complete hlood count which imcluded auto-
Emated analyses ol hemoglobin, hemiatocrit. red blood cell count and

f mean corpuscular hemoglobin concentration), white blood cell count,
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At the first and last visits, serologic tests for syphilis
were made, as well as posterilor-anterior and lateral roentgeno-
grama of the chest, standard l2-lead electrocardiogram, and two
tests of pulmonary function -— tota’ vital capacity and first- ,
second forced expiratory volume. Stool specitens obtained at ) o
the time of digital examinaticn of the rectum were tested for 5
the presenca of blood.

A chemical analysis of the blood was also made at the ipi- i
tial examination. This was the standard package, "SMA-12' (cal- b
ciuw, phosphate, glucose, urea nitrogen, uric acid, cholesterol, NS
total protein, albumin, bilirubin, alkaline phosphatase, lacteose
dehydrogenase, and glutamic-oxalecetic transferase), plus glutamic-
pyruvic transferase. For Rounds 3 and 5, an expanded package be- v @
came available and was utilized -- "SMAC," iIncluding all of the -
above analyses and triglycevides, iron, sodium, potassium, chloride.

carbon dioxide content, creatin re, 2nd calculated albumin/globulin '
ratio.

The hematologic examinationa and urinalyses provided not
only specific data about primary hlood cell disorders (e.g., ane~
mias and leukemias) and urinary tract discases {e.g., nephritis,
cystitis), but also general information about the presence of
other problems (e.g., allergies, diabetes, infections). The ery-
throcyte sedimentation rate is a no.-specific measurement mide
frequently because of ‘its value as a clue to potentially signi~
ficant systemic problems needing investigation. The group of : -
chemical tests prouvides a scan for the presence of dysfunction S '
involving liver, kidney, endocrine, and other systems, dysfunc~-
tion that in many cases has nct yet created symptoms. The pul~
monary Sunction tests sexk to identify individuals with restric-
tive or obstructive lung diseases, such as emphysema.

This schedule of tests had a variety of aims. The inicial
group soughe to help establish baseline health status with a
comprehensive array of both specific end non-specific measuro-
ments, looking for the presence of current conditions or diseases
a8 wall as for rigk factors that nmight presage ilinesa. The find-
ing of abnermal] resules (unless they reflected already-known,
stable conditi 13) led to reapeated resting and, where appropriate,
spacial investigation and consultation.

The routinn followed for all asubjects reflected the kinds
of changes in haalth status most likely to develop in this popue
lation of men, and the frequency of examinarion was adjusted so
48 to minimize etudy costs and inconvenience ro. participants while
at the same time assuring wmaximal ascertainment of health changes.

A AL A oen b o
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Monthly Health Review

Most minor short-term health changes which occcur during a year
cannot be discerned by phiysical examinations or by laboratory stu-
dies performed six to twelve months apart. Many of these health
changes do not receive medical attentisn, and hence records of con-
sulting a physician or clinic are also an inadequate approach.
Finaliy, it has been shown that even self-report information
gathered at six to twelve-month intervals is severaly diminished
by forgetting {(lenkins, Hurst and Rose, in press). Therefore, a
method for more frequent ascertainment of minor health changes
was needed. To complete this part of the ciini:al picture of
health events, two self-report forms were sent to each participant
each month. The rate of completion amnd return of these forms was

exceptionally high, greater chan 90% complete data for more tham
:807 of the participants.

The first of these self-report forms, called the Monthly
Health Review, was a checklist of 30 specific symptoms of ill
health, which included the most common signs and symptoms of dys-
function in the physiological systems most frequently afflicted
by disease, particulurly respiratory, gastrointestinal and muscu-
lecskeletal. Each month each respondent was asked to repert which,
if any, of the 30 health symptoms had occurred and whether these

" had occurred 4s part of an illness episode (a cluster of symptoms
occurring together at about the same time and recognized as part
of the same disease), as igolated symptoms occurring occasionally
apart from illnesses, or as coatinuing chronic problems present
on more than half the days of the month. In addition, parcici~
pants were ask:d whether ezch illness® episode or aggregate of iso-~-
lated events or continuing problems was brought to medical atten-
ticn and how many days below par and days of reduced physical ac~
tivity acccmpanied each health change.

The Monthly Health Review also included a separate section
in which to record injuries. Five types of trauma were listed so
. that the specifics of the injury could be reported. Severity of

the injury was Iinferred by level of medical care received (self,

| medical professional, inpatier< howpitalization) and the number
; of days of restricted activir |

. . Each month all Monthly Health Reviews which contailned checks

' indicating an illness episode, more than occasional isclated symp-

| toms, or a non~trivial injury were revicwed individually by the

j project internist. Where indicated, telephone calls were made to
the participant to obtain further information, and such hesalth

, changes as were determined to be present were recorded on s diag-

| nostic summary form and given a rumeric diagnosis according to the

| International Classification of Diseases, Adapted.




nr

Further description of the ‘Monthly Heuslth Review, evident of
its validity, and descriptions of the seasonal prevalence of g
variety of symptoms therein teported are pressnted in a pPaper by
Jenkins, Kreger and Rose {submitted for publication).

A
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SUMMARY

Indexing Health Changes by Levels of Severity

Three criteria were applied to define a negative heaith change
and to determine its level of severity: pain or discomfore,

restriction of uaual activities, and/or extent of threat to
‘uture well-being.

Four levels of severity of flipess ar in
from Level 0, considered trivial,
- Computer assignment of level of se
to tables indicating criteria for
to a level of severity,

Jury were established,
to Level 3, considered severe.
verity was made by reference
asdignment of each ICDA code

e
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2. lndexing Heaith Changes- by Levels of Severity

‘"he value of the ATC Health Change Study, both for administra-
tive and scientific purposes, was greatly dependent on a system in-
volving not only the specific diagnosis of particular diseases and
health changes, but alsc a method for consistent rating of the
severity or seriousness of each health change episode. The charac-
teristics that make an illness undesirabla, both to individuals and
society, are its effects on feelings, functioning and futura. In
fact, if a condition does not make one feel bad and does nct fmpair
function and also aces not have implicrtions for future welfare or
survival, it is not considered a disease or illiness. OQur system lor
sorting health changes into levels of severity wdas based on the
same criteria used to determine health change: pain, dysfunction,
and threat to future well-being.

We were concerned, howsver, that differences in reporting dis-
comfort or pain might have an uadue influence on judgments regard-
ing the presence of disease or its severity. Persons whese 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.8.. that the patient sought medical care and, preferably, re-
celved a medical dilagnosis from his own physician or the ATC study
physician. Thus, the receipt of medical care, the giving of a
diagnosis, the loss of time from usual activity due to 1illnesss,
and the possibla long-term deleterious implications of a wmedical

diagnosis all went into the assignment of a "level of health change.”

Specific definitions of severity relating to each specific medical
diagnosis (based on the number assigned it from the Internationai
Clasnification of Disecases, Adapted) were decided upon, taking intn
account three posaible levels of medical cara received {salf-care,
ambulatory medical care, inpatient hospitalization), and nuwber of
days reatricted from one's usual activi.ies due c¢o 1llness. These
definitions were entered as tables into the computer and each diag-
nosis rendered by the project physician, accompanied by all of the
above data (also entered into the computer), wias assigned a health-
change-level score by the computer, Four levels of health change,
described balow, were identified. The specific rules for assign-
ing health change levels to specific fliness episodes or chronic
conditions are included in Appendix I, Section III C.

Levels of Health Change

Lavel Zero was reserved for symptom complaints such as head-
acha, pain in the limb, nausea, and other symptoms to which a more
spccific medical diagnosis could not be given. Level Zero was
also assignod to rather specific physical signs, e.3., deformity
of foot, excessive coughing, certain skin snd dental conditions

L e
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which appeared to represent genuine physical findings whether or
not brought to the attention of a health professional, but which
were attended by no days of restricted activity.

Level One was assigned to brief self-limiting illnesses.
These often resulted in one to six days of restricted activity,
but if medically attended, in many instances werz not assoclated
with specific numbers of "days down." Peripheral nerve disease,
gout, otitis media, upper respiivatory imfaction and gastroenteri-
tis are typlcal examples, Level One healrh changes rarely involved
sevan or more days of restricted activity, and never involved hos-
pitalizacion. The average upper respiratory infection, non-specific
*iral infection, or occasional exacerbations of conditions like al-

- lergy or back problems are typical of Level One kealth changes.

Most injuries treated hy a physician, possibly in an emergency room

" {but not involving overnight hespitalization) were also considered

Level One.

Level Twe health changes were more extended or aggravated 111-

" nesses and injuries, all of which received medical attertion. They

alsc all involved some limitations of activity, usually a week or
more. A mumber of exceptions included conditions which had greater-
than-average chances for cowplications or future health problems,
such as urinary calculus, hospitalizations for cellulitis, short
episodes of acute hepatitis, recurrence of pain plus dayd of re-

. gtricted activity in a previously diagnosed ulcer of the stomach.

Despite its lack of pain and absence of hospitalization, glaucoma
wag always rated Level Two. Had conditions like these developed
into more sericus diagnoses, a Level Three would have been recorded.

Lovel Three illnesses 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, and with serious injuries}; (b) hospitaliza-

-tion for a life-~threatening or career-threatening disease; (c)

longstanding or permenent disability from injuries; and (d) emer=~
gence of any disease which typically involves 8 serious threat to
longevity or future functioning (even without hospitalization),
cuch as discovery of a malignancy, corcnary heart disease, hyper-
tensicon, gastric ulcer, diabetes.

As might be expected in a healthy population screened annuale
ly to meet job requirecents, the number of Level Three health

" changes encountered in the ATC dCS was relatively small., and Level

To and Level Ona disesses were progressively more freq wt. The
frequencies of the most common Lllnesd or injury condit - as diag-
nused by level of health change are presented in Section III C,
Prevalence and incidence of Physical Hemlth Changes.
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SUMMALY

Illness by Eiiological Category: Frequency
of Specific Conditions

The most common medical problems among the ATCs at entry

into the study were hypertension (32.5%), hemorrhoids (30.5%),

hay fever (22.6%), and a combinaticn 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 daca on health changes gathered in the en-
suing three years of health surv:illance, it was necessary to
have a summary index that would represent each man's 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 1 and 2 illness and injvries during each interval,

- welght_ng the Level 2 cvents by counting each such event as two,
L then annualizing the interval data to produce a comparable period
- at risk for all men, and flually, averaging the annuslized rate

f for the four intervals. This "compressed, annualized incidence

L rate" was used in all further analyses of moderate illness and

f Injury. Level 3 illnesses and injuries were analyzed separately.

j The most common diagnnses during the 3 years after intake were
f upper respiratory infection (20% of the total), sprains, common
beold, non-apecific viral disesse and gastroenceritis.

y0n the average, participants in the;acudy had 2.5 (crmpressed,
lannualized) health changes per year.

of Level 3 events, 21 severe injuries were incurred by 18 men,"

D6 men were newly diagnosed as hypertensive, 25 other Leval 3
Jlagnoees were in various categories of illness and were diagnosed
fn 23 men. o
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a. Illness bv Etiological Category: Frequency of Specific
Conditions ‘

Three paramount objectives of this study were: 1) to deter-
mine the frequency, severity, and types of health changes within
our sample of air traffic controllers, 2) to establishk whether
or not these health changes were related to work facts, and 3)

tion could be predicted by psvchological, work, or other factors.

A described in 1IIC, a comprihensive system was establish-
ed to monitor and record health changes znd to index their seve-
rity. In this section we will report first on physical (somatic)
disease or lllness conditions existing at entrance Ianto the study
(prevalence at intake) and then on physical health changes diag-
nosed during the 36 months of surveillance following intake into

. the atudy (incidence of illness). The two most frequent acute
physical health changes, respilraiory illness and injuries, are
- described in separate sections following the genersl report of
~ findings. The most common chronic dilseasa, hypertension, is also
examined separately. Paychological health outcomes are reported
in Section D,

Physical health states and changes were classified by
physiciogical~anatonical system into the following categories:
Respiratory; Nonspecific Viral; Acute Gastrointestinal; Non-
infectioua Gastrointestinal; Hemorrhcids; Skir; Bones, Muscles,
and Joints; Allergieu; Eye; Ear; Dental; Genitourinary; Hyper-
tension; Injuries; and Other. Within these categories, diag-
} noses wers coded according to the Intermational Classification
- of Diseases, Adapted.

] Conditions exiating at the intake examination, as well as

i 1llness in the past, were recorded by whether the condition

l was: 1) a 2ingle event in the past; 2) & chronic coundition

) inactive for at leaat the past two years; J) a chronic conditiou

L active at the time of intake, or, 4) a problem newly discovered
at intake. Physical health changes developing after intake were

tecorded by their level of severity ae determined by computer

‘algorithms taking into account ICDA code, type of care recaived,

fand days of restricted activity. This system is described in

£ 11IC, Indexing Health Changea by Lavels of Severity.

A total of 6,217 diagnoses of physical illness conditions
re rendered: 31X (1,916) of them were conditions observed at

ing 692 were illness episodes and conditiona that developed after
Bhe beginning of the study.

to ascertain whether or not health changes among our study popula- -

fintake or reported at that time as past »vents, while the remain-
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Prevalence of Illness Conditions at Intake

The illness conditions recorded at entry were categorized
by their chronicity and current satatus, and were dizsctributed
as follows: single 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 (62); chromic
conditions active at the time of the initial examination or

recently active (48%) and problems newly found at the initizl
examination (24%). ‘

We were interested in the illness conditions experienced U :
by the men before entrance into the atudy primarily because v ” : :
of thelr possible value in predicting future illness. The 1ll-
ness conditions exiating, and those discovered, at the intake

" examination also provided a base measyre of the general health
status and the prevalence of specific conditions among ATCs :
at entry Into the study. This permitted us to distinguish bet- : L

- ween continuing health difficulties and the development of new 2 :
disease in the ensuing three years.

Certain 1llnegs~s and iliness conditions were prominent ‘ .
in the profiles of the ATCs at entrance into’ the study. These - '
conditions are shown in Table 102 with tha number and perceant '
of the study participants who reported them as "currentiy in-
active conditions" (i.e., single events or chronic but inactive
conditions) and the number and percent experiencing them as : o
chrunic and active, or new-found at intake. -

it s

‘Examination of Table 102, "The Moar Comzon Medical Diag-
noses Among 416 ATCs At Tatake Into Tha ATC HCS," reveals a
substantial excess of chronic active and newly discovered con- )
ditions as contrasted with currently inactive conditiouns. Care-
. ful methodological studies have shown subatantial underreporting :
- of illness conditions 1in the past, particularly of minor self- 3
+ ‘limiting i{llnesaes. Furtherzsre, many minor conditions which
. do not have a name used in common pariance (e.g., varicocele)
¢ are unlikely to be named even if their priocr existence was
j recollected. Although the information about past illnesses
g or conditions inactive at time of entry into the study, to
[ vhatever extent it was recalled, was of interest to us for
- our predictive analyses of futura heaith change, the prevaleace
- of each condition, by definition, was determined by those con-
:dition& which were documanted by the examining physiclan au

 present (chronic or newly-found) at the time of intake into P
: the study. : .
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" Condition (2)

RESTTRATORY
Chronic Bronchitis

490-49]1

NON-IRFECTIOUS GASTROINTESTINAL

Peptic Ulcers
Chronic Enteriris
Irritabla Coion
Liver lnflammation

KEMORRHOIDS

SKIN
Boils (all sites)
Tinea pedis, cruris
Pilonidal cyst
Sebaceous cyst

BONES, MUSCLES, JOINTS
Varicose veins, legs
Low back pain

ALLERGIES
Asthma
Hay Fever
Adverse Effect:
Peniciliin

GENITOURIRARY
Gonorrhea
Vari;ace]e
Prostate Problems

OTHER SYSTEMS
¢ "aguinal Kermia

HYPERTENSION

531-533
5631.9
564.1

3713,

455,

680,
110.1, 116.9

685.

706.2

454.9
728.7-.%

493,
507
960.
930

456.1
600-602,

550.
LY

49

27
15
13
21

102

27
40
11
21

26
40

otal Reported

A0
15
14
23

127
43
40

34
45

27
40

19
94
14
Lh

30
41

135

AV R PR VERY. )
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30.5%

10.3%

B.2%
10.8%

.58
9.6%

4.63%
22.63%
3.43
10.63

7.2%
9.93

7.1%
32.5%
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The most common medical prcblem prevalling among ATC study
participants was hypertension. By the diagnostic criterion
adopted for this study, 135 men (32.5%) were diagnosed as hyper~ .
tensive at iatake. As our determination of criteris for diag- . : . ;
nosis of hypertension was complex and Lnvolved comparisons with
other studies, a complete discussion of our diagnosis of hyper-
tenaion among the study sample, comparisons with other popula~
tions, and the impilcations of the findings are presented sepa-
rately following the discussion of general findings.

e et

-

The second most prevalent chronic medical probler among i ) ' 'E
these man was hemorrhoids. Approximately 31X of participants ) 3 |
suffered from this problem at intake, with the majority of these ) : ..;3
reports verified by physical examipation. Eay fever, reported AF
by almost 23% of the ATCa at intake, was next most cormon.
Hypertension, hemorrhoids, and hay fever were the only specific
conditions with an intake prevalence of more than 20%. Taken
... together, four dermatologic conditions (boils, tinea, pilonidal
cyst, and sebaceous cyst) affected almost 391 of the sample.

Chronic pronchitis among cur sample of air traffic con-
trollers was more prevalent than we had expected, with 12X of
subjects thus dlagnosed. Although comparisons of the rates of
;- chronle respiratory diseases among our sample with those of
. other studies would have been desirable, they are problemaric
;. becausc of the wide variety of diagnostic procedures and crit-
. erla used. A review of the epidemlology of chronic respira- :
tory diseage by Dr. I.T.T. Higgins (mimeograph, Department of o
. Epidemiology, University of Michigan School of Public Health, B
t December, 1970, p.9), stated, "Epidemiologic studies have in~ N
 dicated that the prevalence of chronic respiratory diseasse of "
311 degrees of severity varies from under 10% to over 40% of
i the population, deperding on age, sex, and the definitions of
i chronic respiratory Jisease which are used.”

s T
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_ The earlier Cobb-Rose report (1973) foupd peptic ulcers o
to be excessively prevalent in air traffic controllers when com-

pared to a group of licensei airmen. In the present study, gas~

tric and duodenal ulcers active at intake had a combined preva-

lence of about 6.5Z, and an additional 3.1% of AICs in the group

jteported ulcers that were no longer active. The combined raport-

jod 1ifetimg prevalence at intake waa, therefore, just under 10%

§36/1,000} for these men aged 25~45 years. Of the 27 currantly '
pctive ulcers, nine were of the juodenum, and the remaining 18 §

pere of unapecified aite (ICDA 533).

.These findings suggested an elevated wmorbidity for these
ditions among the air traffic controllers when compared also
ith prevalence data from the general U.S. populatiom. U.S.
ptional Health Survey data derived from interviewe during 1975
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b indicated a combined gastric and duodena’® ulcer prevalence of
b 23 per thousand males agad 17 to 44 (U.S. DHEW, PHS communica-
L tion of unpublished data}). The prevalence of 65 per 1,000

of currently active peptic ulcer conditions among our Study
;'sample apnears, therefore, to have heen almont triple the
national rate. However, the national figure would be expected
' to be somewcat lower because the national survey included men
C‘from 17 to 25 years of age who would be expected to have a con-
| siderably lower prevalence of ulcers., Since rigorous diagnos—
b tic eriteria and cross-examination by the physician were inte-
?gzal to the diagnoses in our study, whereas the national diag-
L nostic data were based on less stringent interview criteria,
- biases may exist in this comparison. To the extent that survey
i respondents 1n the general public may overreport peptic ulcer
‘disease, or jinclude under that label a variety of other gastro-
‘ intestinal disorders, the likelihood is increased that our
"ATCs may really have had more thun the 3 to 1 relative risk of
i peptic ulcer disease suggested by the data cited above.

Lﬂncidence of Physical Health Changes After Intake

‘ Physical health changes (illpesses and injuries) were moni-
Ltored for each participant from the date of his entry examina-
Ltion into the ATC HCS until his final examination approximately
three y:ars later. The first AlCs enteted the study in February,
£1974 and the last ones were matered out ip October, 1977. A
total of 4,300 health change events were certified in the interim
tby the study physician. The iInformation from which these diag-
mostic decisions were made came from 4 varlecy of sources. For
942 of the diagroses, information came in whole or in part from
jthe Monthly ilealth Review. For 6% ot the changes recorded*, the
JAIC himself was involved in providing information, elither by
telephone or at the time of his regular examination. Additional
mources of information included the physica}l examinaticon itself,
laboratory fimdings and the participanta' physicians. The 4,300
hew health changes comprised 3,607 acute illness and injury

pvents (84% of the totral) and 433 recurrences or reactivacions

bf previoualy diagnosed condicions (107 of the total}. The
smaining 244 «vents were 2lmost entirely the clinical emergence
‘t discovery of chronic disease problems.

_ Of the total health changes devaloping after intake {nco the
tudy, 61% were cared for by the participsnt himself without pro-
essional assiastsnce. Thirty-seven percent received physician or

. These percentages total more than 100% because some diagnoses
. were made on the baais of several sources of informacion.

e bt g = e
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¢linic attention cn an outpatient basis, and the remaining 2
{90 events) were treated bv admission to a hospital.

The distribution of days of limited activity attributable
to these health changes is displayed in Teble 103. The median
event for which a specific aumber of restricted days could be
ascertained cost the participant becween three and six days
of disability. For 34% of events, days of restricted activity
could not be ascertained from the information received.

The health changes were categorized into broad diagnostic
groups representing the anatomic-physioclogic gystem involved
and/or its etiolcgic type. The distribution of health changes
after intake among these diagnostic categories is displayed in
Table 104, Ia the AIC HCS, as in most other extended studies
of illness experience in normal populatioms, 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 pastrointestinal

problems, and complaints ragarding bones, muscles, and foints
were the next most common health changes. The frequencies
displayed in this table include all 4,300 recorded health
changes, including 1,445 "rrivial" (Level 0) changes, 2,523
minor health changes {Level 1), 250 moderate health changes
(Level 2}, and B2 severe health changes (Level 3). fSee Sec~
tion IIIC, ladexing Health Changes By Levels of Severity, for
explanation of criteria 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 O events were
self-treated and 91% were designated as having indeterminate
or no days of restricted activity. In addition, there was a
prefound decrease in the frequency of certification cf Level
0 changes as the study progressed. We therefore decided that
the Level 0 health changes were not medically {mportant and
not consSistently 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 associlated with each diagnos-
tic entry for each level of health change revealed that the
2,773 Level 1 and 2 health changes were composed of a similar
set of conditions. The main difference betwsen Level 1 and
Level 2 was the severity of the episode, particularly in terms
of days of disability. In contrast, Level 3 illness events
and Level 3 injuries were qualitatively quite different, pocing
either a thraat to a normal life expectancy or a lengthy dis-
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41 of Days

None

1-2

36

7-14

15-30

More than 30

Undetermined

TABLE 102

'Distribution Of Days Of Restricted
Activity For A1l Diagnosed Health Lhanges

In The AT{ HCS

# of Events

879 203
807 19%
760 18%
232 5%
107 3%
LY 12
?#?h 343
_;;;;h 1002

?ercentage

e
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Distribution OF ATC Health Changs

TABLE 104

s After Intake

Among Diagnostic Categories

1:£tioiogicai Group

'?RESP!RATORY

ACUTE GAsTROINTESTINAL
brou-specific vinus

:': 0N- INFECT10US GASTROINTESTINAL
bienorro 1S

BSKIN DI SORDERS

BONES, MUSCLES, JOINTS
LLERGIES

e

.

NIAL

favnies

buiTouR InaRY

IPERTENS 10N

'

Absolute Reiative

Frequency Freguency
1557 36.23%
358 8.32
236 5.5%
100 2.3%
79 1.8%
194 4.5
317 7.4%
172 4.02
47 1.1%
110 2.6%
219 5.1%
536 12.5%
66 I.5%
15 0.8%
73 6.3%
“T300 130.0%
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L]
abtlity.

For these and other reasons, it was decided to comhine
Lavel 1 and Level 2 health changes into a single series of data
analyses for both descriptive and predictive purposes. The 82
Level 3 health changes were treated separately and further divi-
ded into three diagnostic groups: hypertension (36 new cases),

. severe injuries {21 cases}, and all other serious somatic 1ll-
; nésses (25 cases). :

The basic summary statistic used in analyses of slight and
rmodcrate health changes (Levels ) and 2) was "the average annual-
ized compressed illness rate.” This lengthy term describes how
this 1llness index was calculated. Level 1 and Level 2 illnesses
and injuries were compressed intc a single index by counting 1
peint for each Level 1 health change and 2 points for each Level
2 health change. This was done on the basis that the medifan days
of disabiliry assoctated with Level 1 changes was 3-6 days, whereas
the median days of disability for Level 2 changes was 7-14 days,
an approximate ratic of 2 to 1. Similarly, Level 1 health changes
received medical attention in 39X of cages, whereas Level 2 events

received medical attention in 852 of cases, again close to a 2 to
1l ratio.

The intervals between successive medical examinations at
Boston University differed considerably across men 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 perlods at risk, each interval's
b 1llness experience was adjusted to an annualized rate. Simitarly,
i although the rate of return of Monthly Health Reviews - the basic
i information source for health change decisions - was 9C 725% (more
i 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 fllness
p 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
| rates,

e Wt e S R

Examination of annualized i{llness rates by each of nine
major diagnostic categories plus the total of all fifteen diag-
nostic categories revealed uniform correlations between illness
‘rates for corresponding diagnostic categories across-intervals,
for the total annualized iliness rate across categories, and
L for each of these with the grand total of all illnesses for the
lentire study period (Table 105). This led to the conclusion
ithat each interval of observation (1.2 , each period at risk
between successive medical examinations) was an unbiased

Wl e




TABLE 105

Correlations OFf Average Annualized |)lness inclidence Rates
{Totals For Al} Diagnostic Categaries) For Fach Interval With Tha Average For The
Entire Study Period And The Number Gf Intervals tach Man Participated Acrively

Annualized tncldence For: Rumber
Int. 1 Int. 2 TIat. 3 Int. 4 Entire Study Intervals
Arnualized Incidence for: | |
Interval 1 .- (320)* [284) (262) (358) (385)
Interval 2 3712 - (293; (272) (339) (339)
Interval 3 - .308 .375 - (273) (298) (288}
Interval 4 319 415 .348 e (276) (276)
AverTage Incidence.fbr
Entire Study . 759 .765 712 711 - {(378)
Numher:of Intervals of
Participation .085 .034 - .087 -.009 -083 ---

*Numbers In parentheses represent sample sizes from which correlation coefficients in lower left triangle
were computed,
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estimate of the total illness experience for sach man. There-
fore, the mcst stable, unblased estimate of his total illness-
proneness by diagnostic category and owverall, would be the
annualized illness rate averaged for four intervals. This
statistic became our major dependent variable for slight and
moderate health changes. In addition, it was found that the
number of intervals ipn 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-
examination intervals,

A further word on the completenesa of the data is in
order, Men were sent Monthly Health Reviews each menth that
they were active in the study. Mailings continued until parti~-
cipants 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 90X of all MHRs mailed out were returned to
the study. There was no decrement in cooperation as the scudy
progressed (see Table 106}, There were, nevertheless, a few
men who tended to be remiss in thelr return of Monchly H=alth -
Reviews. We decided that for men with dara aissing on occasionsal
months, a fair representation of total illness experience could
be obtained by prorating thereported illness experience of che
reported months. We decided further thatr at lecst half the
months in an interval had to have data or proratior would be
subject to too great a possgibility of errcr. Since the average
interval between 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 returniag

fewer than five MHRs in an interval were not acored for that
interval.

Thirty~eight of thc 416 entrants into the 8tudy had no
interval in which they returned 5 or wote MHRs. They thus had
zero scorable intervals and were excluded from all analyses
using average annualized illness rates. The¢ remaining 378 men
had one or more scorable intervais. Since -nuwber of scorable
intervals did oot correlate with average snnualized 1{llness
rates for any diagnostic category or for the total of all

categories, all of these men were included in these analyses.

The amount of proration that took placa for ten scored
' for each interval was very small. Table 105 shows the rate
. of MHR return, from 94.3% ro 95.8%, for all scorable men in
each interval. Thus, for the "fully active participants in
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TABLE 106 : 333

Rate of Return of Monthly Health Reviews

Percentage of MHRS Returned

. _ From Active Participants
[ Segments of From All Participants Contributing to the
i Longi tudinal Study Receiving HHRs Annualized lilness Rates

interval 1 87.8% : ‘ 95.8%
| Interval 2 88.5% " 95.0%
{ Interval 3 ' ' 90.8% | ) 95.7%

interval & 89.6% . 94,33
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the study,"” - the 378 men who entered into the data analyses

for average annualized i1llness rates - the lllness rates are

based on 95% complete data from the primary source from which
slight and moderate health changes were ascertalned.

The Most Common Health Change Diagnoses

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

" each, and only 16 types of illness or injury occurred more than
50 times among the subjects (including Level O health change).

. These 16 conditions are displayed in Table 107, with number
of men affected at each level of severity and total number of
diagnoses. The most common dlagnoses were upper respiratory
infection, accounting for 20% of the total, sprains {(all loca-
tions collectively), common cold (nasal symptoms only), non-
specific viral disease, and gastroenteritis,

As stated before, Level 0 health changes were considered
medically unimportant as well as inconsistently reported.
lLevel 3 health changes were of sufficient severity and rarity
to warrant separate analysis. We rhen calculaced average
annualized compressed illness rates based on the 2,773 diag-
noses categorized Level 1 or 2. This became the gummary
measure of wmorbidity for minor and moderate illnesses and
injuries., The following findings emerged: regpiratory dis-
orderas were the most common health change, occurring, on the
average, 1.33 times per person per year. Eighteen percent
- of the men reported no respiratory problems at’ 2ll, while

241 reported an average of two per year or more. Injuries
were the next most common, with a rate of (.40 per man per
" year, with 60% of the ATCs remaining free of injuries through-
"out the study while the remaining 40% averaged from 0.2 to
4.3 injuries per man per year. Fourteen percent averaged 1
injury per vear, or more, Acute gastrointestinal problems
occurred to the average man 0.29 times per year. Sixty-one
percent had no sastrointestinal problems during the entire
. J years, whi <« amoat 7% averaged at least 1 per year, Non-
. specific viral disease struck 25% of the men ecach year oa the
- average. For 6 of the wen, one episode of viral disease was
L recorded for each of the 3 yeara of participation. For 64%,
no evemts occurred. Allergies, though compon among the men
. at intake, had a tendency to mere frequent recurrence and
- were observed (. 17 times per year for the entira populatiou.
t This amounted to an average of 0.7l times per year in the 90
- men who were subject to euny allergy at all during the course

f of the study., Problems with bones, muscles, or jeints of
j Level 1 or Level 2 severity occurred an average of 0.12
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TABLE 107 ' 335

Incidence 0f The 16 HMost frequently Diagnosed Physical
Health Changes After intake Into The ATC Study By
Diagnostic Code And Number Of Men Diagnosed At Each Level Of Severity:

Number of Men With

Health Change By Totat Number
Level of Saverity OF Events
ICDA Code 0 | 2 3
fsp1RATORY
sCommon Cold 460.0 108 73 ] - 249
jsore Throat 462.0 101 51 - - 186
Hipper Respiratory
infection 465.0 - 296 - Co- 866
'Elu-1ike Syndrome'
and Flu Lb70 - 472 o= 138 - - 207
benrension kot.o - - - 36
bre ¢
piarrhea 009.1 62 50 2 - 142
fastrcenteritis . 009.2 - 141 5 - 213
§ SPECIFIC VIRAL DISEASE  079.9 - 139 13 - 236
"_RRHOlDS - 55,0 . ky 12 2 - 79
5, MUSCLES & JOINTS
jow Back Pain 728.7 69 8 1 - 104
Jack Pain 728.9 " 3k A 8 - 73
Bercies
ay Fever 507.0 - [A 3 - 125
rache - 384.9 S0 20 - - BL
TAL .
pothache 625.9 108 7 - - 171
NIES
§1 Sprains 8Lo - BuB 112 62 52 6 255
jt Superficial tnjuries 910 - 918 49 53 b - 124

Lindividual ATC for whom repeated éplsodes of the same condition were
gnosed at different levels of severity will be represented in the
it 2t each level of severlty for which he received a diagnosis.
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times per man per year. All other diagnoscic categories occur~
red much less frequently, -

When all of these categories .re considered tougether, a
total illness incidence rate can be computed for Levels i and
2 events compressed and annualized as described. On the aver-
age, participants of this study had 2.5 such health changes
per year. Only about 6% of participants reported no health
changes at all. Complete absence of health changes would be
statistically improballe, 2nd we are reassured that the small
number of persons in the ''nmo health changa category' reflects
the honesty and completeness of reperting 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 vear.
Section V, Predictive Findipngs, contains a discusgsion of psycho-
logical and social factors associated with varying level fre-
quencies of health change, overall and for various physiologic
systems considered separately.

Serjous lllnesses And Injuries During The Study: A Summary of
Level 3 Physical Health Changes

The most severe of ail health changes were labeled Level
3. This diagnostic level required either a sustained period
of disability (usually 15 days or more) or the emergence of
a disease whose consequences might threaten future ability to -
work or shorten life expectancy. Although bhospitalization was
involved in wmany of the Level 3} illnesses, hospitalization it-
self without at least seven days of disability did not werrant
a Lavel 3 rating of severity unless an illness of life-shortening
potential was involved. Certain illnesses such as hypertension
and angipa pectoris were always considered Level 3 cn the basis
of risk of end organ damage, and others, such as ulcers of the
stomach and duodenum, gaatritis, disbetes mellitus snd liver
iaflammation were rated Level 3 {f they involved hospitalization.

All Level 3 health changes were categorized into four
types: hypertenainn, injuries, psychlatric disebility (which
wag graded Level 3 only 1if it iovolved disability and hospitali-
zation), and all other physical illnesses conaidered collectively.
Discussions of the incidence of hypertension and psychiatric
disorder are presented in other sectiona. Levei 3 injuries
and other physical illnesses are described below.

Level 3 Injuries

During the course of the study, 21 severe injuries were
incurred by 18 men, three of them having two severe injuries
eazh. In order toc qualify for Level ] severity, an injury had
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to result in greater than one month of limited activity with
much of this usually lavolving 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 severe injuries resulted in hospicalization,
and the remaining 11 were treated on an outpatient basis. These
injuries included 9 fractures, 3 dislocations, & sprains, 2 cases
of internal derangement of joint, and 1 non-specific injury.

'&Eyel J Physiral Illnesges (Excluding Hypertension)

Bypertension, newly diagnosed i{n 36 men after the study
began, was the most commoniy occurring serious physical illness.
It is discussed separately in a section following. Diagnoses
were renderea for 19 ccher specific conditions aifecting ATCs
with sufficient secverity to be rated Level 3, These 19 rondi-
ticns affected 23 men ar the severe levél. As 2 of these men
had 2 such diagnoses each, there was a totul of 25 diagnoses
of Level 3 physical illnesses, excluding those for hypertension.

Twenty of these lllnesses required hospitalization and
five wern treated on an outpatient basis. Enamination of the
table may raise the question why certain illness of seemingly
moderate severity such as cellulitis of the leg, shoulder
bursitis, anu esophagospasm were considered severe emough to
be rated Leval 3. 1In each of chese instances, howevar, the
particular illness episode was sufficilently severe or cowplicated
a8 to warrant hospitalization and, in the case of the ghoulder

-bursitis and the one severe instance of cellulitis, disabiliry
for greater than 30 days was also involved. Three of che 13
casas of peptic ulcer disease dlagnosed during the course of
the study were considered to be severe.

The remaining Level 3 physical illnesses covered a broad

. 3amut which can be considered fairly typical of men aged 25-45.
The complete zeries of dirgnoses together with level of care
received and days of disability are presented in Table 1C9.

B e




Level 3 fnjuries Among Alr Traffic Controllers During

TABLE 108

4 Cases 1 CDA

3 Years Of ATC HCS

Diagnosis

7240
7245
809.0
812.0
814.0
816.90
822.0
824.0
825.0
825.0
836.0
836.0
844, 0
845.0
846.0
847.0
996.8

— P e e P A e e e R e e o o

Internal Derangement of Joint
Internal Derangement of Joint
Multiple Closed Fractures, Trunk
Closed Fracture, Upper Humerus

Carpal Fracture

Finger Fracture

Patella Fractuge

Ankla Fracture
Tarsal/Metatarsal Fracture
Tarsal/Metatarsal Fracture
Knee Dislocation

Knee Dislocation

Sprain Xnee/Leg]

Sprain Anklel

Sprain Sacrgiliac

Sprain Neck

injury, athar

Level of Care2

Days Restricted

\at

Mt B RN N N W N N W W N N AW

All required
I+ ‘
days down

These 2! L3 Injuries were incurred by 18 men, 3 of whom had 2 L3 injuries sach,

Level of Care catzcories are: 2 = medical amulstory care and 3 = hospitalization.

Only a mincrity of the in

severity to be

juries In this diagnostic catejory were of sufficient
rated Level 3.

it




13e
TABRLE 109
Level 3 Phyzical 1linesses Diagnosed Amony
Ai- Traffic Controllers Quring 3 Years of ATC HCs!
Days of
Restricted
# Cases? 1CDA Diagnosis Leve! of Cared Activity
1 - 01z.2 Pleurisy with Effusion 3 15-30
1 162 .1 Halignant Neoplasm 3 s
2 410.0 Ischemic Heart Disease w/Hypertension 3 3+
t 410.3 Acute Myocardla) Infarczion 3 3+
1 413.9 fngina Pectoris 4 2 31+
! 503.9 Chronic Sinusitls 3 15-30
: 530.9 Esophagospasm' 3 7-14
1 £32.0 Duadenal Ulcer-Bleeding 2 15-30
| 532.0 duodenal UICﬁr-BIeeding 3 3te
| 513.9 “eptic. Ulcer 4 2 7-14
2 5?3.0 Sastritis/Duodenitis 3 7-14
' 540.0 Appendicitis 3 15-30
{ 540.0 Appendicitis 3 3+
I 541.90 Agpendicitis 3 I+
1 £69.9 Intestinal Disease, other 3 - 15-30
I S74.0G Acute Cholecystitis/Lithiasis 3 15-130
! 574.0 Acute Cholecystitis/Lithiasis 3 I+
| £75.0 Cholecystitis/tholangi&is 3 e
! 592.0 Calculus-Kidncy!Ureter“ 2 7-14
| 592.0 Calculus-Kidne7/UEeter 3 7-14
1 682.4 Cellulitis of keq 3. Jie
! 725.1 Herniated Disc 2 3t
! 7311 Choutduer Bursitis 3 3ts
36 401.0 Hypertension 3 0
l
Level 3 Psychiatric ilinesses, all of which involve hospicatization, are
repurted under Psycholegi al vealih Changes.,

2

There were 25 L3 diagnoses incurred by 2} men, two of whom had two such.
diagnoses, amoiy ilinesses other than hypertension.

Lteve!l of Care categories are: 2 “medicel ambulatory care and 3 ~ hespitalization,

Onty & ainority of cases in diagnostic categories marked thus were of
sufficient severity to be rated Leval 3.
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SUMMARY

Upper Respiratory Infection (URI) and Influenza (Flu)

URl was diagnosed on :che basls of self-reports, via the Monthly
Healch Review, of clusters of symptoms Including, as a miaimun,
sore throat and sneezing, stuffy or runnv nose. Other symptoms
adding certainty to the diagnosis were: temperature of 1009 or
more, dry cough or coughing up substancee other than thin phlegm.

Flu was d¢iagnosed upon self-report of either f two minimal

clusters of symptoms: certaln pains and ¢ough and fever, or the
pains and cough and nausea/vomiting. Additional symptoms, such
ag painful or burning eyes, or excess latlguve, added certainty.

Except for the spring months of 1974, the monthly incidence of
URI among the ATCs over the three-year study ranged from 1% to
10% for "possible” LRI and zlso for 'probable™ URI. Monthly
incidence rates ranged from 7 ro 37 for "possible" and also
"probable" flu.

Alrogether 866lepisodes of URL affecting 296 men, and 207 episodas
of flu sffecting 138 men were diagnosed. WRI and flu together
accounted for 25% of all diagnosas during the three year study.
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. Upper Respiratory Infection and Influenza

Respiratory symptoms are commonly reported as the most
frequent of all physical complaints. One study of thousands
of persons in a prepaid medical care plan found that respira-
tory diseases among men aged 25-44 years accounted for 282
of all diagnoses, both acute and chronic, a figure more than .
twice that of the next most common category of dlagnoses
(Avnet, 1967). National data gathered by continucus sampling
surveys of the Natlonal Center for Health Statistics provided
an estimate rhat respiratory conditions accounted for 54% of
all acute conditions for the total population during the year
July, 1975 through June, 1976 (DHEW Publication No. (PHS)
78-1548, January, 1978).

Procedures and Defimitions

The data indicating the large contribution of respiratory
ailments to any total count of illnesses caused us 'to pay pat-
ticular attention in this study both to establishing rigorous
criteria for assignment of diagnoses and to the certainty with
which the diagnostic label couid be applied.

As described in the section on methods of weasurement
(IIIC), the Monthly Lealth 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 respiratbry infection (URI) was elicit~

ed through five items listed in the MHR: temperature of 100°
or more; sore throat; sneezing, stuffy or runny nose; dry
cough, more than occasional; coughing up substances other
than saliva or thin phlegm (see copy of MHR, Exhibits).

Information on influemza (flu) was elicited through eight
items (either alone or in combination with various other syap-
toms) listed in the MHR: frequent dry cough; productive cough;
fever; nausea or voniting; painful or burning eyes; headache;
stomach or abdominzl pain; general myalgfa ("aches or pains in
muscles or joincs other than the back™).

ATCs were instructed to check whether their symptoms

appeared as 1lllness epigsodes, isoclated events or continuing
rroblens.

The symptoms checked were theti assigned a diagnosis of URL
or influenza on the basis of patterns or clusters conforming
to definitions established for these 1llneas as follows:

. A gy e T RS
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MHR ITEM REPORTED (sez code below)

=2 bl REPOR!
Possible URI 7 and 8 ’ ’
Prohable URI (3-point) 7 and 8 plus one of 1, 9,.10
Probable BRI {4-point) 7 and 8 plus two or more

of 1, 9, 10

L = Temperaryre of 100° or wmore .
7 = Sore throat ’ _ '
8 = Sneezing, stuffy or runny nose - v 3 ;
9 = Dry cough (more than occastonal) . .
10 = Coughing up substances other than thin phlegm. &

A definiticy of influenza wag derived afrer considerable
discussion within our medical ream and informal Cconsultarion
‘with Dr. H. Bruyce Dull of the USPHS Center for Disease Control
and Dr. Neil Blacklow, then of the Adule Infectious Disease |
Section, Deparment of Preventive HMedicine and Epidemiology, t
3oston University School of Medicine, Although positive diag-
nosis of inflyenza can only be made - by 1abaratory studies,
this procedure is 1nfrequently followed ig clinical practice.

In lieu of laboratory diagnosis, therefore, the following defi~
nitions of influenza Wwere accepted:

Possible flu
a)  Painp (any of the following: headache,
stomach pain/abdo: Ing] cramps, aches
and pains in muscles and Joints), anD
cough (either of two: dry. cough - more
than occasional, or any productive
cough), AND fever.

b) Pain (ag defined above} AND cough (as
defined above), AND nguses/vomiting,

Probable flu : ’

a)  Either triad above plus either the :
Femaining mgjor symptoms’ (fever, -
nausee/vomiting). OR painful or
burning eyes, oRr excess fatigye,

e ey
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Accuracy of Reporting and Validity of Definitions

The reliabillity of using the MHR to obtain health change
information was demonstrated by Dr. Bernard Kreger's tele-
phone interviews which checked the accuracy of the reporting
(see IIIC). In addition, a further analysis waa made of
three monchs' MHRs (February, March, and April, 1975) to de-
termine whether or not the patterns of aymptoms reported
were reagonable reflections of the clinical observations of
these illnesses and whether or not the procedure and defini-
tions used produced overreporting or underreporting of ililnesa.

The analysis showed a scrong pattern of clustering among
the five URI asymptoms listed, and indicated that the combina-
tion of nasal symptoms with sore throat in effect definud
"possible'" URI. The additional presence of fever or frequent
. {(drxy or productive) cough gave the dlagnosis greater certaincy
{"probable URIL"}.

The three-month analysis also helped to resoilve the ques-
tion whether the symptoms selected as defining the flu really
had a greaier-than-chance association with one another.# Stat-
istical tests of the probabilities of defining "flu pattern”
by chance in th: ATCa' MHRs revealed that the triads of symp-
toms occurred more frequently than would be expected by chance.
Other internal analyses of the data were performed. All results
auggested that the definitions established for a flu diagnosig
Spreared to be valid indicsotors of genuine illness among the
study subjects.

Additional information regarding the three-month analysis
of respiratory symptoms reported in the MHR can be found in a

ATf the definitiona used adequately mirrored the natural
clustering of symptoms of these illinesses, one would expect the
clusterg to occur more frequently than they would by chance.

The probability of the occurrence of cluscers by chance are
calculated as the product of the occurrence of the individual
symptoms in the population. Thus, if headaches are reported by
202 and athlete's foot by 10Z of the population, the headache-
_athleta's foot combination could be expected to occur in 2% of
the population by chance slone. This type of analysis was appl-
fed vo various triads of symptoms defined as flu. All of the
triads tested occurred from 2.5 ro 3.5 times as often as would
be expected by chance. These ratios were usually, but not always,
atatistically significant, che expectad mmbar of events being
sometimes as smill as one and the observed number around fiVve

{thus creating violations of che stdtistical amsumptions for most _

tests of u;gnificanc-).
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paper 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,

lucidence of URI

A monthly incidence of URI was calculated for the period
from Marcii, 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) returned MHRs.

Over this 36-month pericd, 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 number of returns
each month.

Figure V displays the monthly frequency of "possible" and
“"probable"” URL. Except for the spring months of 1974, the inci-
dences of "possible" and "probable” URI each ranged between
12 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 frequencies-of "possible"
and "probable" URI follow one another quite closely with peaks
in the fall and winter. The spring and early summer 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” URLI is much greater than that of "poasible"
URI; and finally, a seasonal shift to high frequencies in late
apring is noted. There are four possible explanations for this
- varlant pattera. The first is that inasmuch as these data were
. gathered at the beginning of the study, the raespondents may
have had a tendency to overreport their symptoms, If overreport-
£ ing were responsible for thia apparent peak, oneé would expect
. to find overreporting of symptoms in other physiological sys~
tems as well. A number of analyses were done separately for

a variety of dlagnoses and for a variety of symptoms on the

i Monthly Health Review. As overreporting of other symptcas
tended to be minimal, we concluded that the high rate of re-

. ported URI symptoms was primarily attributable to other factors.

- A second possible explanaricn was that the MAIR used during
the first 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 the Exhibits appended. Alhough the same sywmptons
were included in both forms of the MHR, the forwat was differ-
ent in the 1%74 early wersion. This may have influenced the
frequency of URI, and as we shall note later, of influenza,
during the spring. A third possibility is that the few men
who entered the study in the first two months may eilther have
been more prone to respiratory problems than other AICs, or
that the small numbers provided an extremely unstable basis
for mulciplying percentage rates and hence a very few URL
events would project into a high rate. A fourth possible in~
fluence on the high rates was what appears from clinical anec-
dotes to have been a genuilne epidemic of URI and influenza
during the late winter and spring of 1974 in the Northeastern
U.Ss.

Incidence of influenza

population, over these 36 months is displayed in Figure W.
"Possible”" and "probable" flu each had monthly incidence rates
ranging from Q¢ in the summers of 1975 and 1976 to 3% in the
course of each winter. Again, the spring of 1974 appeared to
be an exception, with monthly rates of 5.5% for "probable"”
flu and 22 for "possible” flu. The four possible contributing
explanations discussed above for URI also apply to these data.
The format of the original MHR form, the small sample partici-
pating in the firat few months of the study, and a possible
senuine excess of influenza during che early spring of 1974
appear to have contributed ln unknpown proportions to the high
rate chserved. From the summer of 1974 onward, however, the
|  areph (Figure W) shows a consistent rhyt'm with "possible” and
* “probablie” flu occurring in simllar frequencies, and higher
incidences cccurring in winters with virt.ally no disease
occurring in summers.

Altogether B60 episodes of URI affecting 296 wmen, and 207
episodes of £lu affecting 138 men, were diagnosed during zhe
three-year study. URI alone accounted for 20% of all diagnoses

[ of all diagnoses during the thrae years of surveillance.

The frequency of flu, relatively small in this healthy male

tenderad after intake, and together with flu, accounted for 25%.
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SUMMARY

Injuries

Information regarding injuries was gathered 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 three years, producing an incidence of 34.4
injuries per 100 man-years and accounting for 11.4% of all
®ild, moderate and severe conditions diagnosed after intake. -
Injuries contributed disproportionately to the most severe w
conditions, comprising 25.3% of all Level 3 diagnoses. '

Sprains were the most frequeat type of injury, followed by
contusions and superficial iajuries, fractures and disloca-
tions, other injuries including burns and concussion, and,
finally, wounds and lacerations. There were only 21 injuries
degignated severe, and the majority of these were fractyres
or dislocations.

Anong the 416 men, 30 (7%) had three or more injuries 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 00.S. population, and a somewhat longer
recovery period.




349

¢. Injuries

Along with our efforts to determine the extent and sever-
ity of illnesses, we also monitored injuries that occurred
during the three years of the study. We were interested in
iearning whether the ATCs 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 associla- i M
ted with, or predictable by, any of the psychosocial, biographi- o h
cal or physical factors that we were investigating. "

Data Collection and Recording ' ' N i

Information concerning injuries was gathered primarily
from self-reports of the controllers on the Monthly Health Re-
view. Additional information was cbtalned at the Periodic
Examinations (approximately 9 months apart) at Boston University
Medical Center and through cutside medical reports.

LT

Injury diagnoses were recorded by International Classifi-
cation of Diseases, Adapted N code, and by level of severity
(see Section IIIC for explanation of the developmuent of sever-
ity levels}.

Incidence

A total of 325 injuries, Levels 1, 2 and 3 (mild, moderate
and severe), were sustained during the 36~month gurvelllance
period, producing an incidence of 34.4 injurles per 100 man-
years. As with the analyses of illnesses reported in the prev-
ious sections, the trivial, Level 0 injuries were excluded from
all analvses.

Y A e, s N - . P <L BB i A R SS AA Theml wa

The 325 injuries accounted for 11.4X of all level 1, 2
and 3 conditions diagnosed after intake into the study. How-
ever, Iinjuries contributed disproportionstely to tha most severe
conditions, accounting for 25.3% of all Level 3 diagacsges. The
number of Injuries and the number per 100 man-years in each cate-
. gory of injury is displayed in Table 110.

Although exact comparisons with injury data for the geperal
population &re not possible because of differences in age group-
ing and criteria for inclusion in the injury count, it is appar-
ent that 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 reflect the same inclusion criteria as'that of i
the government data, the adjusted ATC rate of 37.5 injuries per

-y
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Ffic Controllers .

o and Severity

[
Type of Injury 36-Month Total Number Number Per 100 Level of Severity Percent of S —
of Injury Events Man-Yearsl {No. of Injuries) Total Injuries
1 2 3

Fractures, Dislocations ' 41 4.3 15 14 12 12.6%

(1Ch 802-838)
Sprains (ICD B840-848) 131 13.9 70 55 6 40.3%
Lacerations and Wounds 20 2.1 16 4] o 6.2%

{1CD 870-907}
Contusions and Superficial 102 10.8 89 13 o 31.4%

Injuries (ICD 910-928) : '
Other (ICD 374, 724, 724.5, ' k3 3.3 : 19 9 3 9.5%

738.3, 850, 941-949, 996-

996. 8)
Totat Injuries 325 ; 34.4 209 9% | 21 100.0%

L Man-vears ~ average number of Monthly Health Re\iews received over 36-month surveillance, or 11,336 T 12 = 944,67

%
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100 man-years approached the genaral U.S. male population rate
even more closely.* .

Employed wales 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 important source of injuries
among the general male population. The air traffic control en-
viromment, however, is not particularly conducive to accidental
injury, and one would therefore expect a somewhat lower inci-
dence among this occupational group.

‘Type and Severity of Injuries

As shown in Table 110, the most frequent type of injury was

sprains, accounting for 40.3% of the rotal. Ccntusions and super-

ficial injuries were next most frequent (31.4%7), and the remain-

- ing types were fractures and dislocations {12.6%), other injuries,
including burns and concussion, etc. (9.5%) and wounds and lacera-

tions (6.2X).

Predictably, the largest number of injuries were relatively

wild, with only 21 (6.5%) designated Level 3 (severe). A majority

{57.1%) of these were fractures or dislocatioms, and the largest
aumber of the remaining severe injuries were sprains. Sprains

aceounted for 57.3%7 of the moderave, and 33.5% of the mild Injuries,

which were mostly contusions and superficial injuries.

Injury Repeaters

The number of ATCs reporting repeated injury, and the num~
ber of injuries reported per man is shown in Table 11ll. O0f the
416 men in the study, 89 sustained ome injury each, 53 had two
injuries each, and 3Q men (7%) sustained 3 or more injuries each.

Factors predictive of injuries are discussed in Section V.

Days of Restricted Activity

The total daye of restricted activity for all injuries was .
found 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 injuriss for males aged 17-44 years in the general U.S. popu-
latien (July 1974 -~ June 1975) was 298.7 per 100.

- % (DHEW Fublication No. (HRA) 77-1541, Februavy 1977, pp. 9 and
17.
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352 TABLE 111
Number OFf HMen Incurring Repetitive Injuries And
Proportion Participating In ATC HCS Until Completion

Number : No. Men Repeating - Percent
of Injuries No. M2n and Participating Farticipating
Per man Regeating in Study Until End Untit End

0 244 131 54

1 89 62 703

7 53 39 . 743

3 14 - 12 - __Be3

4 7 s 713

5 2 | 50%

6 3 2 67%

7 I 1 . 100%

8 2 2 100%

9 ] 0 -

i e ot e e

i




353

Since the rate of injury for our ATC group was somewhat
lower than that estimated for ¢.S. males of reasonably com-
parable age, the higher rate of "days down" for the ATC group
could indicate more serious injuries or siower recovery from
injury. The fact that a larger proportion of the injuries
among the ATCs involved the more serious categories of frac-
tures and sprains also helps to explain the greater number of
days down.

Table 112 shows the level of care involved in the injuries.
Slightly more than a quarter (27.7%) received no medicrl atten-
tion, approximately two-thirds (67.7%) received doctor's care,
and 4.62 required hospitalization,

R N 3




54 TABLE 112
ATC Injuries by Level of Care and Type of Tnjury
Level of Number of Injuxries
are
Practuree 3praine Laceratioas | Contusions Qther Total
and and - and
DialocatiomT Wounds Superficial
' Injuriea
Self _ 3 49 3 27 8 S0
. Medical
' Ambulator,ﬂ 3 L)1 15 75 18 220
Hospital
. Inpatien® T 1 2 0 5 15
A1l Levels 41 13 20 102 3 325

o -
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SINMMARY

Hypertension

After examination of eriteria for determination of hypertension
used in several other studies, it was decided to adopt criteria
more suitable for this study. Prevalence cases of hypertension

- were those whose svstolic blood pressure was equal to or exceeded
140 mn Hg or whose diastnlic pressure was equal to or exceeded

90 mm Hg at both the intake and the next examination, normally

9 months apart. At each examination, two readings of the blood
pressure were averaged to produce the recorded pressure for that
examination. Incldence cases were new cases developing from
among the pool of those free of symproms at intake, using the same’
requirement that the elevated blood pressure be shown at two suc-
cessive examinations. :

By a2pplying the criteria of other studies te the ATC HCS data,
comparisons could be made of prevalence and incidence in the dif-
fering population groups.

Using the ATC HCS criteria, 135 men, or 32.5%7 were found to have
hypertension at intake. Thirty-six addicional men (5.7% annualized
rate) develcped hypertension over the course of the study.

Applying the criteria for determining the condition used in each
comparative study to ATC data, the following comparisons of pre-
valence and incidence emerged:

1) By HANES (U.S. Heslth and Nutrition 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 HANES population,

2) By Framjingham Hearry Stucyv criteria, 64X of the AICs were
hypertensive at intake; for the category of definite
hypertension alone, this was a rate 1.5 times that of
males of comparable age in Framingham, Massachusetts.
Urder the same criteria, 64% became hypertensive over
the 3 yvears of the study (all categories of hypertension)
producing a rate 4 times that of the Framingham males.

3) Py FAA criteria, which aliowed higher blood pressures
with increasing age and measured the blood pressure with
the person in a supine pusition after rest, cnly 11% of
the ATCs were hypertensive at intake.

4) Conmparisons with the Western Collaborative Group Study,
1964, applying the Framingham criteria for deifinite
hyperteasion, showed that the ATCs prevalence of hyper-
tensicn nay be 2 tu 4 times that of the Western Collabor-
ative population of middle class men working in above
average jobs. '
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The various comparisons led to the conclusion that air traffie
controllers have a substantially elevated risk of hypertension.




d.  Hypertemsion

Hypertension is known to be a cendition having the potential
for future very serious end-organ damage and even the shortening
of life expectancy. Its prevalance* was prrviously reported to
be considerably higher among air traffic controlliers than among
second~class airmen (Cobb and Rose, 1973). We therefore selected
our methodology carefully, uwrilizing the experience of our pro-
ject physician who had been, and is srill, a medical examiner
for the Framingham Heart Study. We selected several 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 Servica using a nationwide probability
sample of the population (DHEW 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 survell-
iance of a sample of the adult reside:ts of Framinghawm, Massachu-
setts. We also utilized, for comparisonm purposes, the diagnestic
criteria for hypertension established by the FAA for recertifica-
tion of ATCs at their annual madical examinaticn. In additien to
these three sets of dilagnostic criteria from other groups, we
developed our own diagnostic criteria forx ‘the ATC HCS. As des-
cribed later, these criteria gave us a more stable diagnostic :
decision based on brief and well specified examination procedures ‘ '
which are equivalent at all ages. The methods of examination - '
and rules for making of diagnoses according to these four dif-
fereat 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 i
the determination of hypertensive status. It therefore would be :
expected to generate the highest percentage 5f prevalence cases f
if, as ip usually assumed, first reading of blood pressure tends
to be higher than subsequent readings. On the other hand, when |-
more than one reading 1s used and the elevation of any reading
cag result in the diagnosis of hypertensive status, such as ob- - "
tains for the Framingham Heart Scudy criteria, lability of blood

pressure would produce a large encugh number of borderline pre~
valence cases.

*  Any study participant who had experienced the conditions
listed in Table 102 at any time before entry into the study,
or for whom the condition was diagnosed at entry, was con-
sidered a prevalence case.
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TABLE 113

Four Sets Of Criteria For Determination Of Hypertension

Readings
{Syst. & Diast.)

Definite HT

Border)ine HT -

85t

Normotensive

2 Seated, left
arm, or 1 if
second reading
not available
at one exam,

Either syst. 2 {60mm Hg
or diast. 295mm Hg on
both readings

Any combination of
two readings other
than those meeting
criteria for definite
hypertensive or
normaotensive

Both syst.< |40mm Hg
and diast. <90mmn Hg
on both readings

i seated,
right arm,

HAMESZ at one exam

Either syst. 2150mm Mg
or diast. 295mm Hg -~

syst. < 160mm Hg and
diast.< 95mm Hyg but

not both {140mm Hg

syst. and 90mm Hg
diastolic ’

Both syst. < [40mm Hg
and diast. < 90mm Hg

# Not specified,

rectining BP used

HMust require no medication for control of blood pressure and must
demonstrate BP? levels no greater than the following maximum

reclining values: Systelic Diastolic
Fand Age 20-29 140mm Hg 90mm Hg
30-39 150mm Hg 90mn Hg
Lo-49 150mm Hg 1 00mm Hg
t0-over 160mm g 100mm Hg
Average of 2 Eithersystolic 214Cmm Hg or diastolic Any ATC who does not
seated right 2 90mm Hg on two successive visits meet the criteria
ATZ HCS arm readings approximately 9 months apart for diagnosis of
at each of 2 : Hypertension.
successive :
examinations
) : -

2

Kannel and Gordon, Feb,, 1974, Secztion 30, pp. 31-32.

DHEW Publication No. (HRA) 78-1648 Sept. 1977, pp. 2,3.4,I18.

Alr Traffic Control Specialist Health Program, Dept. of Transportation, FAA, Order 3930.3, May 3, 1977, Appendix 1, p.5-6.
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Blood pressures taken of persons lying down are systema-
tically lower than those taken in the sitting posirion. 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 hypertension prevalence by sge
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 crigeria weould
designate fewer people as hyyertensive than either of the other
criteria described above,

The-ATC HCS criteria developed by the investigators of this
study calls for the averaging of two re..dings of the blood pres-
sure, thus reducing the likelihcod thatr 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-
cility from day-to-day also led us to set the requirement that
blood pressure must be elevated at two successive examinations
in order for a diagnosis of hypercension 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 HANES or the Framingham critexia.

For all of these diagnostic criteria, the incidence rates
for hypertension would be expected to be influenced by the preva-
lence rate in that the number of normotensives remaining at risk
for the determination of incidence would bé reduced by the number
of prevalence cases designated at intake. Iy addition, criteria
like the HANES, which tend to designate persons with normal but
higher and wore labile blood pressures as "borderline hypertensives"
remove these high risk people from the group to be followed and
hence, may tend artificially to reduce future incidence rates,

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
hypertencion as judged by the HANES and the Framingham criteria
were very striking. By the HANES criteria, 277 of the men were
borderline hypertensive and an additional 28% are definite hyper-
tensives for a total prevalence of 55%Z. The Framingham criteria
developed an even higher prevalence of hypertension but two-thirds
of it was in the borderline category. Footy-four percent of men
received this diagnosis and nearly 20% additionz] were cousidered
definite -hypertensives for a total of nearly 64% prevalence by
this system. Nelther the FAA crite¥ia nor the ATC HCS criteria
distinguilsh between borderline and definite hypertension (see




360 : TABLE 114

Comparative Prevaience of Hypertension Among Air Traffic Controller

Sample at Intake to ATC HCS by Four Alternative Sets of Criteria

Criteria Applied to : Prevalence among ATCs in Sample
ATC HCS blood pressure Border|ine Definite Totat Hypertensive
data Hypertensive Hypertensive at Intake
#Men % #Men % # Men . %
HANES . 13 27.23 117 28.1% | 230 55,33
FRAMINGHAM HEART STUDY | 184 44,33 81 19.5% 265  63.8%
FAA N/A H/A 47 1.3%
ATC HES N/A NA 135 32.5%

-
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Table 115). By the FAA criteria, only 11% of men were hyper-
tensive, but by the ATC HCS criteria 32X recelved thig diagnosis.

Further studlea of blood pressures and of different criteria
for diagnosing hypertension were done using blood pressure deter-
minations from the second through fifth medical examinations con-
ducted at BUSM. This provided the ueans for checking the stabil-
ity of the diagnogses 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 the higher of two such readings at a single examination. Use
of the first reading alone produced many "hypertensives" who were
responding to the novelty of the examination procedure with an
elevation of pressure and whose blood pressures at ensuing exami-
nations were normal. Two readings of blood pressure at a single
exam and application of the Framingham criteria, produced many
cases of "borderliue hypertansion” on the bagis that one of the

- readings was above the normal cut-off, even though the other was
clearly in normotensive range. Examinations 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 mu Hg or greater or diatolic pressure of 95 wmm Hg
or greater was identificd a great deal more consistently under
any of the diagnostic criteria.

Because we intended to peirioim additional predictive studies
of those who became hypertensive during the course of the ATC
HCS, we sought a more stable and conservative indicator of hyper-
tensive status. Hence, we adopted the ATC HLS criterion which
specified that hypertension would be diagnosed only upon elevated
blcod pressure (the average of two readings while sitting: sbp
equal to 140 mm Hg or greater or dbp equal to 90 mm Hg or greater)
at two consecutive examinpnations, which normally cccurred approxi-~
mataely nine months apart. Additional grounda for the diagnosis
of hypertension at intake were the determination by our study
physician that the participant (1) had a history of being diagnosed
as hypertensive by a physician and at intake had eievated blood
presaure (14G/90 as defined above); or (2) had a histoxy of being
diagnosed as hypertensive by a physician apd 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 elther the HARES or the Framingham Study. In
addition, they differed gquslitatively from the criceria designated
by FAA regulatiocns.

We decided not to adopt,. for our research purposes, the FaAA
criteria used for recertification of controllers upon annual exami-
nation. Our decisilon wes hased partially om the fact that the FAA

T

T
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acceptance of elrvated blood pressures as normotensive among
older controllers was not appropriate to our study goal, which
was to identify those controllers whose blood pressure levels
became elevated during the course of the study and to discover
the antecedents of this process. Another reason for not using
this criteria was that the use of supine blood pressures and

the lowest of an unspecified number of readings made comparisouns
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 into the ATC HCS is displayed
in Table 115. 1In view of the very high prevalerce rate of hyper-
tension judged to be present when the Framingham criteria were
applied, only 150 of the 415 wmen for whom complete dfagnostic
data at intake was avallable were considered normotensiva and at
risk for new disease., Of these, 14 developed definite hypertension
and 83 developed borderline hypertension over the coursze of the
next four exawinations utilizing the Framingham criteria. This
vepresented a combined incidence of 65% over a three-vear risk
period. This geems definitely out of keeping with clinical exper-
ience even with presumably high risk groups. If must be r.mem-
bered, however, that "torderline hypertension' would be diagnosed
by these criteria if either of two readings at any of the four
subsequent examinations ventured above 140 or 30 respectively.

But this diagnostlc criterien does not seem appropriate for clini-
cal or administrative puildance regarding what is clearly a serious
problem. Still, these data do provide the basis for comparison
with other groups of men who were examined repeatedly using the
geme methodology and decision rules. )

Uase of the ATC HCS criteria vielded 36 new cases of hyper-
tension over the ensuirg four e=xaminations. When one considers
that a man must have been normotensive at the intake examination
and hypertensive at two successive examinations to qualify under
this criterion, it becomes apparent that the actual period at
rizk was not three years, but rather about 2.25 years. This s
true because hypertension wouvld have to be first diagnosed at
exam 4 in order to be confirmed by the time of the last examina-
tion of the study. This generates an annualized incidence rate
of 5.7% per year which is -still quite substantial conaidering
the stringency of the diagnostic criteria,

Comparisons of Prevalence of Hypertension with Other Populations

Although many studies have been published with dat2 on pre-
valence uf hypertension among different comranity and industrial
groups, the differences in dlagnostic criteria and the age, sex
and race distributions of the study pepularion (or lack of speci~

P —
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TABLE 113 ‘ 163

Comparison Of Incidence Of Hypertensinn
ATC HCS Study Vs Men Of Comparable Age
Framingham Study

Framingham ATC
Study Study
Age Range in _ -
This Analysis _ ..30-39 years Mean age: 36 years
Total Men Examined N/A 415
Hypertensive at
intake
Framingham Criteria Prevalence
"Dafinite' g:) 19.5%
"'Borderl jne" 184 bi, 23
Normotensive at
Intake 362 150

Status after
6 years
Biennial Exams

Status after’
3 years
Nine monthly exams

Normotens | ve o 253 53 :

Borderline hypertensive 100 a3 i

Definite Hypertensive 9 14 ‘

Annualized incidence E

Rates/IQ0 !
Borderline Hypertension LN 18.4
Definite Hypertension A 3.1
Total Hypertension 5.0 21.5

bt
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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 and the Framingham
lHeart Study. 1In vievw of the fact that we had recorded separately
each of the several blood pressure readings at each examination,
we were able to make rather preclse comparisons of our findings

- uging dlagnostic criteria to fit the comparison study. Ynasmuch
as our sample consisted totally of males, 99% of whom were white,
we could make comparisons with sex-race specific data from these
epidemiologic studies. Comparisons of hypertension prevalence in
the ATC HCS with that of white males in other populations by dif-
ferent diagnostic criteria are presented in Table 116. These
data reveal a congiderably greater prevalence of hypertension
among our AITC sample whenever similar criteria are used to deter—~
oine cases. This is true no matter which criteria a-e applied.
The ATC prevalence of hypertension (both definite and borderline)
was 1.5 tirzs that of white males in the U.S. (HANES datz). The
prevalence of definite hypertension, the more seveve segment of
the total hypertensive group, by HARES criteria was 1.6 times
higher among ATCs than men in the general population. Use of the
Framingham veraion of "definite hypertension" yielded a 1.5 times
excess among ATCs as compared with the population of that Massa-
chusetts town, .

The Western Collaborative Group Study {(Rosenman et al., 1964)
also measured bleod pressure levels in 3,524 wmen employed in white
collar, engineering and managerial positions in ten large indus-
tries in California. The WCGS population was similar in occupa-

ional prestige, but somewhat higher on the average in education
ag compared to the ATC study group. The WCGS men, however, were
considerably older than these ATCs. Uging the Framipgham criteria
for definite hypertension, WCGS men aged 50 - 59 years st intake
(average age 53.7 years) had a hypertensive prevalence of 13.9%
and men ages 40 - 49 ycars at intake (average age 43,2 years) had
a hypertensive prevalence of 8.4%. If one then makes a linear
extrapolation to rhe average age of 36.2 years (which was the
average for our ATC group) one can estimate by graphic extrapcla-
tion what the prevalence rate of hypertension would have been in
the WCGS if their younger greup had averaged 36.2 years rather
than 43.2 years. The rate derived by this estimation is & preva-
lence of 4.8%. The observed prevalence in the AIC study using
comparable diagnostic criteria, was 19.5% or 4.0 times the age
specific estimate derived from the very large WCGS study. Even

if linear extrapolation is no¢ an accurate procedure, it should
be noted that prevalence of definite hypertension in the ATC study
is still more than twice the rate of thet observed for the WCGS
men ages 40 - 49 years cven though the latter group averages 7
years clder than the ATC grcup. This set of comparisons suggests

R A O TV S,
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TABLE 116

Comparison Of Prevalence 0f Hypertension Among ATC HCS Sampls

At £ntry To Study, lale Residents Of Framingham And

White Males tn The United States

Z with Definite
by Framingham
Criteria

{Syst.Z 160mm Hg or,

Age dfast.Z 95mm Hg)

% with Dafinite HT
by HARES criteria
{Syst.> 160mm Hg)
or diast.Z 95mm Hg)

% with Hypertension
tension by by ATC H(S criteria
HANES criteria {Syst. Z 140mm Hg or
{Syst.Z thomm Hg diast.z= 90mm Hg)

or diast.Z30mm Hg '

%2 with Hyper~

Framingiam Males (1948)  35-39 13.3%

-HANES white

mates {1971-7h) 35-44

ATC HCS Males 25-48 19.53
{av.16) ’

Relative Risk ;

"{Ait/aLher) 1.47

Cardiovascular Disease, Section 29.
acteristics:
A-22.  (DHEW Publ. Ho. (NIH) 74-478),

2

Framingham Study, Exam | to Exam 10.

17.3%°
28.13

1.62

35.923

55.4% 32.52

1.54

Kannel, William 8., M.D. and Gordon, Tavia, editors. The Framingham Study, An Epidemiological Investigation of
Meras at ezch examination and interexamination variation of specified char-
Tavia Gordon and Dewey Shurtiff.

December, 1973, Table

Blood Pressure Levels of Persons 6-74 years, United States, 1971-1974, U.S. Dept. Of Heaitth, Education, and

Welfare, Public Health Service, Hyattsville, Md., September 1977, Table 40, p. 72 (DHEW Publ. No. {HRA) 7B8-1648}.

3

DHEW Publ. No. (MRA) 78-1648, Tables 40 and 42, pp 72,74.
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that the prevalence cf hypertension in the ATC may be 2 to 4
times that of middle class men working in above average jobs.

Comparisons of Hypertension Incidence Bata

There is very little Information on incidence of hypertensian
in the U.S. Repeated measures of the same population at annual
intervals are a prerequisite for such data. Rough estimates of
the incidence of hypertension, however, have been offered by ex~
perts in the field on the basis of their reviews of published epi-
demlologic data (Stamler, 1968, p. 152; Julius and Schork, 1971).
Incidence was estimated to be within the range of approximately
1% 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
obtained acress to printouts of hypertension data from the Fram-
ingham Heart Study. We are indebted to Dr. H. Emerson Thomas,
Co~-principal Inve cigator; Mrs. Pat McNamara, Research Assoclate;
and to Dr. Bernard E. Kreger, Examining Poysician, for making
these computer printouts availlable to us for this specific pur-
pose. The printouts containad a listing of all normotensive .
entrants into the Framingham Heart Study by secret I.D. number,
age, sex, hypertension status at Intake and hypercension status
at each of che next several bilennial exeminations. By re-checked
hand counting we determined that there were 362 normotensive
males, ages 30 - 39 years oentering the Framingham Study. After
3 biennial examinations (vix years of follow up) 253 remained
normotensive throughout the period, 100 showed borderline hyper-
tension on one or more occasions (but not definite hypertension),
and 9 showed definite hypertersion. This yielded annualized in-
cidence rates per 100 men of 4.6 for borderline, (.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 differential
time at risk, the annualized incidence rates per 100 men {n cthe
ATC HCS were 18.4 for borderline hypertenaion, 3.1 for definite
hypertension, and 21.5 for total hypertension. For all categories
of hypertension, ATC men showed at least a four-.old increased
risk as compared to Framingham men.

_Even when the more gtringent diag-ostic criierion developed
in our own study was used for the dlagnosis of hypertension inci-
dence, an annualized rate of 5.7 per 100 per year is generated.
Drgpite the stringency of the criterion, this is approximately 3
times Lhe incidence ¢stimated for the general population by re-
viewers of the epidemiologic literature,
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Qur general couclusion, then, is that air traffic con-
troilers have a substantially elevated risk of hypertension and
this is observed both when a cross~sectional measure is taken
at intake or when incldence 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 incidence rates are from 3 to 4 times that of

; comparable men in other lines of werk or in an average community.
Hypertension is thus the most serious he.lth problem amoung air
traffic controllers, and high priority should be placed on dis-
covering the circumstances responsible for it and types of per-
sons most susceptible to these circumstances.
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SUMMARY

Hearing Imnairment

Air conduction audiograms and speech discrimination lests perform
ed by a professional audiclogist at Boston Yniversity Medicai
Center revealed the following:

1) ATC mean thresholds at 4,000 and 6,000 Hz were
7.2 dB peorer at 25-29 years of age than non-
noise exposed males and the differences increased
with age;

2) High frequency hearing losa observed in the ATCs ‘
is consistent with the audiometric pattern .issoc- v ”
tated with nolse exposure;

3) The hearing loss was associated with age, but not
with years of experience as a controller;

4) High frequency loss was part¢cular1y marked in
men over 40 years of age;

5) 98.6% of the ATCs passed word tests in which they
were required to repeat pairs of two syllable
words, one presented in each ear, in a partially
overlapped manner:;

6) No psychosocial predictor ‘variables were found
to be associated with hearing ocutcomes;

7) No assoclation was found between hearing Impair-
ment in the "good" ear and measures of job-
related gtress;

8) Men who were hypertensive at intake were signifi-
cantly more often among those found to have severe
hearing losses at Round 3.
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a. Hearing Impairment

Air conduction audiograms were done at Daniels Hearing
Center of University Hospital, Boston, Aassachusetts on 351
subjects enrolled at Round 3 of the ATC study. Bone conduc~
tion thresholds were obtained when air conduction was abnor-
mal. Speech discrimination abillity was tested at 40 dB above
the pure tone aversge using Norrhwestern University Auditory
Test No. 6. All testing was administered with 50 dB8 of speech
neise in the non~teat ear. The Staggered Spondaic Word Test
was administered at 50 dB HTL or 40 dB above the pure tone
average if thresholds were greater than 25 dB.

The air traffic controllers' mean thresholds at 4,000
and 6,000 Hz ware 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,
faliing 16.5 dB below thc norms at age 45-49. Many of the
controllers have a history of military service and employ-
ment in varicus aspects of aviacion. Our data has not yet
been analyzed co compare the hearing thresholds of controilers
with other occupation or recreation-related noise exposure
to those with no history of exposure prior te work experience
in this field. However, our test results indicate that the
air ctraffic coantrollers had significartly poorer thrasholds
at 4,000 and 6,000 Hz than non-noise exposed males of the
game age. The configuration of controllers' composire asudio-
grams shows the greatest loss at 6,000 Hz for all age groups
with a mean recovery of 4 dB at 8,000 [lz. A high frequency
hearing loss of this type is consistent with the audiometric
pattern associated with noise-induced hearing loss.

The mean air conduction threshold for all 702 ears was
¢ompared with NIOSH wedian hearing threshold for non-noise

exposed males by frequency. These data are presented in
Table 117.

Hearing loss at each frequency was studied in relation

to the ATCs' ages and years of experience in the FAA. These
two variablea are, of course, highly correlated., When years
. of experience in the FAA was controlled for age, it was
- not significantly associlated with hearing loss. However,
- when age was studied, with experience controlled, age remain- -

ed gtrongly associated with hearing loss, High frequency
. losa was particulerly msrked in men over 40 years of age, more
50 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
Mean Air Conduction Threshold Of
351 ATCs And A Group Of Non-Noise Exposed Males
FREQUENCY  Hz 500 1000 2000 3000 4000 6000
Age Groug
56-29  N1OSH patat  11.0 5.4 1.8 5.6 7.4 10.8
ATC  Mean B.1 6.6 7.0 8.6 14.3 18.2
30-34  NIOSH 1.8 6.0 b6 7.0 9.8 13.6
ATC  Mean .2 7.3 7.6 12.9 18.0 20.8
35-39  NI1QSH 2.6 7.0 5.6 3.0 12.4 16.6
ATC  Mean 8.4 7.2 7.9 13.4 21.8 24,2
40-44  NIOSH 13.6 7.6 6.6 1.2 15.6 20.4
ATL  Mean 16.6 10.2 12.2 .5 29.6 33.0
h5-43  NIOSH 1.4 8.4 8.0 13.8 19.4 24 .4
ATC  ean 13.3 14.0 14.0 23.3 35.8 41.0

B

NIOSH Hadian Hearlng Levels for non-nolise exposed msales published in Criteria

for » Recommended Standard...Occupational Exposurs to Noise, U.5. Dept. HEW,1372,
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llves (perhaps before entering the FAA) to a Jdegres not exper-
ienced by the younger men.

An audiologic test of particular interest 1s the Stagger-
ed Spondaic Word Test. This test ianvolves verbal repetition
of 2 two-syllable words, one presented to each ear in an over-
lapping manner. This task is particularly relevant to the
compering noise and messages encountered daily im rapid sequ-
ence by ATCs. It is encouraging to note that 98.6% of our
ATC participants passed this test.

The audiometric results for the worse of the two ears for
‘each man were consldered to be an index of the full extent of
the pathology of hearing loss and was utilized as a health
outcome megsure. None of the psychosocial predictors from
Rounds 1 and 2 were assoclated with this outcome.

The result for the better ear for each man was consldered
a predictor. It was hypothesized that a man who had sevare
hearing loss in his '"good ear" would encounter more job-
related stress because of this limitation. Statistical
analyses of the psychosocial stress measure did not reveal
silgnificant asscciations.

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 af intake into the study
were gignificantly more often among the men found to have
more severe hearing losses at the Round 3 asudiologic exam.
This associacion held both fur the better and worse ear for
the men. COne possible implication of the finding is that 1if
it is administratively unwieldy to provide full audiologic
examinations to all ATCs, theae should at least be provided
for men with higher blood pressures. '

The audiology examinacions were performed by Nancy J.
Miller, M.A., CCC. in Audiology, Director of the Daniels
Hearing Center.
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SUMMARY

Frequent Complaints:; Sleep Problems and Headaches

Headaches were 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 mench. When a}ll sleep problems were considered, the two most
frequent explanations offered were: "Too many ideas spinning
through my mind" (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 the 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 332 of these had
headaches s0 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 problem among che AICs,
they were, for 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 time for awakening, was the second most common health

1 complaint reported monthly by participants in the study, exceeded

{ only by the frequency 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
time by another l0% of the participants. No systematic seasonal

. changes 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 functioning as an

. air traffic controller led us to a more detailed study of cthis
problem in February, 1977.

| The Sleep Questionnaire

A one~page questionnaire regarding sleep problems and their
. presumed causes was added to the monthly mailings sent to 315
F ATCs active in the study at that date. Two hundred sixty question-
. nalres were returned with sufficiently complete data for analysis.
This represented an 83% completion rate. ‘

Respondents were asked to indicate how often during the past
' month they experienced each of four kinds of sleep problems:
a, trouble falling asleep,

trouble sataying asieep (awaking far too soon
and not being able to get back to sleep),

yakins up several times per night,

waking up after thizir usual amount of sleep
feeling tired and worn out.

_ The response distributions to each of these four questions
vere resarkably similar. About one-third of the men reported that
‘they had uwot encountered the problem at all. Another third indi-
cated they iad had sleep problems only from one to three times
during the month; about oune-fourth reported that they had thase
troubles on four to fourteen occasionsg; and about 10X reported
that they had them fifteen or more days during the month. These
data are displayed in Tabla 118.
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TABLE 118
Frequency Gf Reported Sleep Problems ¥ %
Among 250 Alr Traffic Controllers y

pe of Problem How often occurring this month?

Not at 1-3 4-14 5+

.all  days days days Total : "
ouble falling asieep 32.4% 31.3 26.2 10.2 100% . ¥
. _ } | ,
rouble staying asieep _ ¥
cluding “early waking' 37.0 26.3 26.7 10.0 100% . 3 4
ke up several times per . !
ght . 341 31.4 22,4 12,2 100% .
ke up feeling tired and X
r out S 27.8 32,1 31.4 8.8 100% .
\ - |
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Concurrence of Different Sleep Problems

dnalysis was undertaken to sse whether the four different
types of sleep problems occurred independently of each other !
or in combination in the same individuals. The number of nights ) :
a participant was troubled by each problem in the reported month . oo
was stratified into four levels: not at all, 1-3 days, 4-14 :
days, and 15 or more days. Cross-tabulations of the frequenciles \
of sleep prublems by each other revealed a strong degree of assoc- .. i
iation. The chi squares generated amongst the six possible pairs ,;\g
cf these four variables ranged from 38 to 200 (vith nine degrees : H
of freedom)——all highly significant. The gamma scatistic, a
measure of assoclation, ranged from +.38 to +.77. These data are
presented in Table 119.

i

{
The association is illuscrated, for example, by the 79 ATCs : A
who had trouble falling asleep only 1-3 days in the past month, ' :
and of whom only two (2.5%) reported trouble ataying asleep
throughout the night on 15 or mora ocecesions. In contrast, of } - ,
the 27 men who had trouble falling 2sleep on 15 or more nights : . :
of the month, 13 (30%) also had trouble staying asleep during ‘
the same number of nights. Az one might suspest, the strongest
agsoclation vas between waking far too early and waking up seve- -
ral times during the night. The lowest assocliations~-though ; )
still highly significant--were between waking up after the usual : d
amount oi time feelinz tired and worn out and the three other ’
forms of insomnia,

L

ATC Explanations of Their Sleep Problems

Considering all sleep difficulties collectively, the most
frequent cause stated by respondents to the questicunaire was:
"too many ideas spinning through my mind.” Seventy percent of
men offered this explanation. "Changes in sleeping schedule such
as changes in work shifes,'" was offered as an explanation by 69%.
Fifty-five percent thought worriesz or problems contributed to
sleep difficulties, and the remaining suggested causes were all
endorsed much less frequently.

'3
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It would seem reasonable to expect that different ranifes-
tations of slesp problems would be associated with different
beliefs as to their causes, Similarly, it seemed quifte likely !
that presumption of cause might differ systemacically between
people who rarely had a sleep problem and those who had one very ’ }
often. To answer these questions, cross-tabulaticns were made :
between the monthly frequency of the problem and the reported
causes, separately for each typa of sleep problam,

'

Respondents who had trouble falling asleep four or more days .

.
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TABLE 119

Intercorrelations of Four Types of Sleep Problems

in a Specified ilonth for 256 Air Traific Controllers*

(2) (3) {4) :
Trouble Fylling Asleep .69 .50 by | é
| 2 1. 73.5 57.2 -

Trouble Staying Asleep
{including waking too

early) 7 43

" A

200.7 50.3

Wake up Several Times per

-

Hight 38 -

‘ '

38.0 L

Wake up After Usual Amount ] f

Feeling Tired and Worn Out. h i

If 260 men, only the 256 who gave some answer (ranglng from "not at aliv ;

"22-31 days") to each of the four questions involving sieep probiems | S
p included in this analvsis, g

k i

)

1

}

i

!

!




- 377

during the month were more likely than men with 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 drunk" before retiring than did men who had
this problem only rarely or those who had {t 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
often 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 endorse as many
"possible causes for their sleep problems as they felt might apply
and that only a minority of those huving such problems reported
that they had no ideas as to the causes. HNevertheless, there
was an assoclation between highk frequencies of problems and per~
plexity as to their cause. Respondents who reported trouble
staylng asleep, waking up several times per night, or waking up
feeling tired or worn out on 15 or more days in the past month
more often 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
respondents who reported a given problem four or more times per
month. For all four sleep prollems, the moat common causes
cited were: changes in schedule, too many ideas spinning through
one's mind, and worries or problems. Change in schedule was the
most frsquently cited reason for trouble falling asleep, trouble
ataying asleep, and waking up after rvest feeling worn ocut. Ninety-
one percent of parsons who woke up feeling fatigued 15 or more
days in the reported month believed ckanges in schedule to be the
primary reason for their problem. "Too many ideas spianing
through my mind" was most frequently cited by those wiio 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 Worat Time es_Dév ior ATCs

At the same timea that sleep problems were fnquired about,
participants were asked to indicate which tima of day waa best
for them and which time of day they found most difffcult. TlLe
task was introduced as follows: ‘

"Soma people feal far better--more alert,
competent, and happy--at one time of day,

e et s s B o e e e

A— i <

T e e v —— =

ko




378

TABLE 120

Reported Causes Of Sleep Problem

By Type And Frequency Of Problem

"Trouble Falling Asleep"

Monthly Freguency of Problem

N=78 N=65 N=25 signif-
1-3 days h-14 days 15+ days {canca™
hings eaten or drunk 15/76 27/63 6/22
.20 43 .27 .01
Ppeated use of the 13/76 12/61 3/22
S throom A7 .20 b ——
bo many ideas spinning 58/78 55/65 21/26
rough head .7h .85 .81 ---
rries or problems 36/75 h4s62 21.25
.h8 .71 .84 .002
ages In schedule 59/79 £7/66 21/25
' .75 . .8h .004
t allowing enough time |25/76 28/61 Rr22 i
.33 46 .36 —— |
j ldeas about cause 5/61 8/33 7/20
] .07 .13 .32 01

jlcates probabillty by chi square that the group with different fre-
pncles of sleep problem differ In rates of endorsing this 'cause.”
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TABLE 121
Reported Causes Of Sleep Problem -
By Type And Frequency Of Préb!em
“"Trouble Staving Asleep"
Monthly Freguency of Problem
N=62 N=60 N=25 signif-
1-3 days 4-11 days 15+ days  icance®
Things eaten or drunk’ 19/62 25/60 5/25
.31 .42 .20 - i
Repeated use of the 12/62 9/58 3/25 ? /
bathroam .29 .16 .60y ~=-- ‘
Too many ldeas spinning  |52/66 S54/64 18/25 ; :
through head .74 .69 T2 e=- :
Worries or problems 36/62 Li/62 17/24 ;
.58 71 JHL --- :
Changes in schedule 46/66 52/64 19/25 ;"
-70 -8! -76 - 5
Not allowlng enough time [24/62 25/60 7723 1
.39 A2 .30 -—— ] )
No (dea about causes - 5/hh 71/37 8/20 : -
.1 19 4ol .03 -

*

Indicates probabliiity by chi square that the group with different fre-
quencies of sleep problem differ in rates of endorsing this ''cause."

- .." (IR N
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TABLE 122
Reported Causes Of Sleep Problem
By Type And Frequency Of Prablem v @
"Wake Up Several Times Per Night“
Monthly Frequency of Problem
N=75 =53 N=29 signif-
1-3 days L-14 days 15+ days i{rance?
Things eaten or drunk 29/75 18/53 8/29
.39 ‘L}h .28 — )
| Nepeatad use of the 14/72 15/54 8/30
bathroom .19 .28 .27 | --- ‘
Too many ideas spinning| €1/79 46/56 23/30
through head 77 .52 77 | ---
Worrles or problems k8/76 35/54 l 18/28
.63 .65 N1 R
Change in schedule 56/80 /55 . 20/30
) : .70 .75 .67 -
Not allowing enough 28/74 26/54 7/26
time . .38 .48 .27 ==~
No [dea about cause 3/53 8/37 10/21
.06 22 .48 . 000

- .
Indicates probability by chl square that the groups with diffsrent
frequencies of sleep problem differ in rates of endorsing this ''cause.”
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“"Wake up After Usual) Amount Feeling Tired"

TABLE 123

Reported Causes Of Sleep Problem

By Type And Frequency Of Problem -

Things eaten or drunk
Repeated use of the
bathroom

loo many ideas spinning
through head

Worries or problems
Change in schedule
Not allowing enough

time

No ldea about causes

*

Monthly Frequency of Problem

381

N=77 N=7h hmig signif-
1-3 days h4-14 days 15+ days icance®
25/77 25/74 b/19
7 .32 .34 1 s
17/75 16/74 7719

.23 .22 .37 | ===
54/78 60/78 18/22 :

.69 .77 .82 | ---
36/74 55/74 15/22

.49 .74 .68 1.005
55/79 58/77 20/22

.70 .75 .91 - -
32/76 29/73 13/20

L b2 Jao b 65 | =--
3/51 10/52 bris

.06 .19 .27 1.95 ]

Indicates probability by chl square thet the group with different

frequencles of sleep problem differ In rates of endorsing this ''cause.'
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but noticeably below that level at other
times. You hear someone saying; 'I'm a
morning person’ and another: 'I'm a night
owl.'

For aach description, please check the one
set of hours which best fits."

The, foliowing choices of hours were provided tu be checked
as the best time of day or the most difficult time of day:
7 a.m.~-12 noon, 12 noon-5 p.m., 5 p.m.-10 p.m., 10 p.m.-7 a.m.,
and "all 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 respondents picked afternoon, and
another quarter picked evening hours, while only .52 perceived
the midnight hours as theilr best time.

With respect to the wost diffirult time of day, nearly 30%
picked morning, 25% picked tne midnight hours, about 19X picked
afterncon and the same percent picked evening. 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-
rondents to this series of questions checked the same time of
diy as beinpg both best and worst. Cross-tabulations of answers
tc thege two questions revealed that men for whom the morning
hours were best tended more often than the total respondent
sample to pick afterncons and evenings as their worst time of
day. People for whom evenings (5 p.m.-10 p.m.) and midnight
hevrs (10 p.m.~7 a.m.) were best times of day tended rather
strikingly to say that morning waa 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 several shifes
which ATC work requires. It would be worth investigating the
benefits to be gained from assigning perzonm wherever posaible
to work at the times of day when they are more energetic, alert,
and capable and not assigning them to the times when they feel
tirved, irritable, or inept. This suggestion is further sup-~
ported by the anslysis of the sleep problems data eavlier in
this section. Here it was found that changes in sleeping ache-
dole, such as caused by changes In work shifts, were ameng the
most comaon reasons given for frequent problems in falling

- s

T

g Ve

e



383

TABLE 124

Preferred And Host Difficult Time Of Day

For 244 Air Traffic Controllers in February, 1577

Best time of day

Worst time of day

If the Best Time was:
7am=12pm
i2pm=-5pm
Spm=10pm

I Opm~7am

All the same 7am-12Zpm 12pm=5pm Spm-10pm |0pm-7am

8.6% 36.5 27.5 7.5 4.9
9.4% 28.7 18.9 18.9 24.2

The most frequently selected Worst Time was:-
12pm-5pm and 5pm-10pm
10pm=~Zam
Jam~-12pm

7am-12pm

e
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" Health Review. The deta which follow were derived from the 264

384

asleep, staying asleep, and waking up refreshed. It would be
important to determine what relationship, if any, these ver-
pal reports may have to differences in the quality of work
and the percenz time actually spent on the boards during morn-
ing, afternoon, and night shifts by men who are working pre—
ferred va. disliked time schedulea. :

The presence of sleep problems was cross-tabulated by
most preferred and least preferved time of day. HNo signifi-
cant relationships were found. A few trends were noted which
further supported the internal consistency of the data but did
net provide a basie for further programmatic suggeationsa,

Headaches

Headaches were the physical healch problem most commonly
reported on the Monthly Health Reviews returned throughout the
study by our ATC participants. In the average month, about 18X
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 headaches for at least half the days of the month.
There was no regular cycling of headache prevaience by the sea~
sons although there was a tendency for fewer reports of headaches
in dummers than in autumns. The seasonal prevalence of headaches !
for 1975 and 1976 is shown in Figure X. These data suggested 5
that headache was quite a problem among the AICs, but comparison ‘
with other occcupational groups was Impossible because none have !
been as thorecughly or repeatedly monitured for this symptom as
the participants in the ATC HCS.

Becauae of the high prevalence of headaches, {t wa . deemed
advisable to obtain a more detailed picture of the frequency, !
severity, duration and other physical properties of this common
problem. A headache questionnaire was developed after a review
of the clinical and epidemiological stud.as of headaches which
have been published in the medical litera.ure. This questionnaire
wae pilot~tested, revised and then circulated to the entire study
group in February, 1977, sccompanying the malling of the HMonthly

conpleted questionnaires that were returned. They represent a
detailed picture of the frequency, severity &nd physical proper-
ties of headachas experienced during February, 1977.

One or more headsthes were reported during the atudy month
by 69% of the 264 respondents. However, only 48X of tha men had i
heedaches lasting for more than one hour and only 335 reported o
headaches so severe that "they made you stop what you were doing."” i
Forty percent of the man raported leadaches on three to ven daye
of the month and 4X reported such symptons mora than 10 daye of ;
the month. FProlonged or severe headaches were such less frequent 5

-



385

FIGURE X

SEASONAL PREVALENCE OF

HEADACHE (LASTING MORE THAN 1 HOUR)
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with only 23% of the men reporting headaches extending more than
one hour on three or more days of the month, and only 6% report-
ing eeverity sufficient to force a cessation of activities on
three or more days per month.

We were interestad ir determining which among these headaches
could be considered migraipne, muscle tension, or other types.
Considerable work on computer diagnosio of headache type from
self-reported symptoms has been performed at a number of medical
centers. We were particularly guided by the vork of Stead and
colleagues (Stead, et al., 1972), and aided by the epidemiologic
studies of A.M. Ostfeld (1962) arnd by another study of computer
diagnosis which used criteria similar to those derived by Ostfeld
(Freemon, 1968). The diagnostic criteria for varioui types of
headaches used by Stead and his group vere based on criteria sug-~
gested by the Public Health Service Committee on Classification
of Headache. Using theae criteria and the scoring cut-offs pre-
sented in the paper by Stead, et al., it was determined chat 27
of the 264 respondents (10%) were susceptible to migraine head-
aches, 10 men (4%) were subject ro classical muacle tension head-
aches, 15 men (6X) were susceptible to cluster headaches.

The symptom series and computer logic of the Freamon System
for Diagnosing Headaches could not be duplicated exactly. Never-
theless, there was fairly close agreement between the Freemon and
the Stead systems with 24 of the 27 migraine cases diagnosed by
the Stead system also so clagsified according to Freemon. Many
of the headaches reported by ATCs were not classifiable 1into
strictly defined diagnostic groups. This iz probably also the case
for headaches presented for diagnosis at Neurology Clinizs. The
following description of the characteristics of headaches and
thelr circumstances of cecurrence i3 based on all respondents who
either had headaches lasting for more than one hour or had such
severe ones that they forczd cessation of activity. About 112
men gave detailed descriptions of such headache experiences curing
the month studied. '

Just before the headache:

1. 30% of men with at least 6cnasional prolonged or savere
headaches reported that the muscles of their head or
neck felt tight.

2. 26% said their eyes became gensitive to light, bur 27%
said that usually they had no prodromal symptoms at all,

Starting location:

1. For 422 with headaches, starting location was around or -
behind tha eyes. '
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2. For 30%, the headaches usually started at the back of
the head or neck. i

3. For only 167 was the headache initiated unilaterally.

Usual time of occurrence

i. For over 30%Z of the men, periocds of intense concentra-
tive, or periods of worry or emotional tension surrounded
the headaches.

Type of pain:

1. Half of the men reported that they usually had a dull
steady ache or pain.

2. Thirty percent reported a steady'pressure'and 27% re-
ported throbbing or pounding.

3. Thircy-one parcent reported that bright lights made the
headache worse. .

Duration of headaches:

1. Since headaches lasting less than one hour were not re-
ported unless severe, the distribution ¢f remaining
headaches by duration was truncated. Nevertheless, it
was intercating that seven of the men reported that theilr
headaches usually last:d more than eight hours and 20
additional men reported that they occasionally lasted
that long. Thus 10% o the tota}l men report.ng (with or
without headaches) had ..2adaches of eizht hours or greater
duration, at least occasionally.

Severity

1. As expected, most headaches most of the time did not
interfere with ongoing activities. However, J men re—
ported that they usually had pain of sufficient sevarity
to force them to stop whatever they were doing, and 37
man reported that they occasionally had such pain. This
represented 3X and 14X, respectively, of the total group
of respondents.

Relief of Headaches

1. Of the 112 men rep~rufng eithaer prolonged or severe head-
achas, 587 got adequate relief from aspirin. Twenty-four

percent needed stronger non-prescription pain relievarna,
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while 44% got relief without drugs, through relaxation,
magsaging 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 publishad data are derived from patients who pre-
sented themselves at general medical or headaches cliniecs., Al-
rhough headaches seemed to be quite common among the ATCs, they
were, for, the wost part, of short duration and not disabling,

It would be useful to do a more extensive analysis of the 23X of
men with prolonged headaches and the 6% of men with very severe
headaches, to determine psychorocial and physical characteristics
ageoclated with these problems. This type of analysis was not
possikle in the time available for the present study.
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D. Paychological Health Qutcomes

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
waa the severity of psychological problems as consistently defin-
able. HNonetheless, we sought a methodology that would provide
both objective agsessments by paychology professionala and sub- : :
jective reports by the ATCs themselves of various aspects of pavcho- : '
logical functioning both at entry into the study and throughout :
the 3-vear surveillance period. We were interested in determining :
the prevalence and incidence of paychological problems to gain i
some understanding of the general level of psychological function-
ing of men involved in this unique occupation, and we were equally
interested in ascertaining whether or not it was possible to {den-
tify those who would later develop psychological problems by any
predictive measures. We welghed carziully the numerous options
available for assessing psychologi~al health - such as clinical
interviews, c¢linical paychological testing, self-report personality
inventories, structured interviews, synptom inventories and beha-.
vioral {ndices ~ and eventually selectaed an approach that would _
yYield both objective assessments in depth at less frequent inter- p J
vals and self-reports on sympton check-liats at more frequent
intervals. The objective assessments wera accomplished by use
of the Paychiatric Status Schedule, a standardized structured
interview, and the self-reports were¢ transmitted via the Zung
Anxiety and Depression Scales accouwpanying the Monthly Health
Review. These inatruments and thelr use are described in the
firat section balow. A description of the criterias for index-
ing psychological health changes by levals of severity follows
in the second section; &nd the findings of prevalence and inci-
dence of psychological problems are praseated naxt. The find-
Angs and discussfon concerning early jdantification of parsona
prone to paycholcgical problems sre presented in Section V,
Predictive Findinga.
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SUMMARY

Methods of Measurement of Psychological
Health Outcomes

Paychological health outcomes were assessed in two ways. First,
the major psychological health outcomes were evaluated by trained
psychologists using the Psychiatric Status Schedule (PSS), a
structured clinical interview procedure. The PSS was gselected
because it had been devised tc yvield highly reliabie assessments
of psychopathology and because considerable data from other popu-~
lations were available for comparative purposes.

Five criterion areas oi psyclological status were evaluated:
subjective distress, impulse control disturbances, wurk role
disturbances, mate role dirturbances and alcohol abuse.

Symptomatic cut-off scores were estahlished for each of the five
criterion areas of psychological health aczording to statistical
and clinical standards for significance. Toe cut-2ff scores for
identifying aystematic levels of disturbance were set from 1 tc

3 standard deviations above the means observed for a nocmal urban
community sample. The cut-off levels were substantially below the
means observed for pre -treztmeat psychiatric cutpatients for the
subjective distress vcale, were zpproximately equal to pre-
treatment outpatients Jor impulse control and work role scales,
and were higher than pre~treatment outpatlents for the aicohol
abuse and mate role disturbance scales.

The second set of psychological health outcomes were avaluated

on a monthly basis using the Zung Self-Rating Depression Scale
(5DS) and the Zung Self-Rating Anxiety Scale (SAS). These gelf-
report instruments assessed cli. 1cally significant depression and
anxiety respectively and had b.. found reliable and valid for
this puspose in several studies.

Over 9207% of che men in the study compleced the SDS and SAS for
each month they were sent a form.
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1. Methods of Measurement

Psychological health was monitored along with physical health
at the examination visits to Boston University Medical Center,
made at approximate 9-month intervals. At these visits the Paych-
iatric Status Schedule (PSS), a structured psychlatric interview
procedure, was used by doctoral-level psychologists to evaluate
the AlCa.

The PSS was selected because it allowed assessment of psycho-
pathology in depth, because comprehensive data were avallable on
normative pasychiatric populations asd because of the inastrument's
accepted reliability snd validity (Spitzer, Eandicoct and Fleiss,
1967; Spitzer, Endicott, Fleiss and Cohen, 1970; Strxupp, 1972;
Luborsky, 1972; Weissman, 1975).

In addition to the pre~existing data on other populations
and the recomnendations of other researchers, the use of the PSS
meant that we were assesaing psychological health not only system-
arically, but alsc through the eyes and experience of a c¢linician.

Tha psychologist administering the Psychiatric Status Schedule
used the standard press board booklet, 32 pages in length, with a
precoded answer sheet for recording the presence or absence of 321
symptoms. The Schedule presented primary questions to elicit info~-
rmation about symptoms, and aiso provided follow up questions in
the event that the first answers were insufficient to judge the
presence or absensd of a syuptom.

Questions were grouped to cover symptoms In the areas of soma-
tic cowplaints, moods, fears, interpersonal reluuions, ldection,
coguitive processinp, suicidal tendencies, drug use, alcohol usse,
delusions, hallucinationa, behavior in the interview situation,
and role functioning as a wage earner, housekeeper, studeat, mate,
parent, and patisnt, as applicable for a given gubject, A comput-
erized progisa then scored the symptoms using item weights of 0,

1, 2 or 3, and couvaerted the raw scores into T-sucras (mean * 50,
§.D. = 10} hased on tha rew.ults from tha standardization study
of 770 paychiactric patienta.

A total of 50 T-scores were possible. Four scores, called
macro-gecales because they subsumed 16 symptom scale swcores, assessaed
subjective distress, behavioral disturbances, impulse control dis-
turbances, and reality testing disturbances. An alcohol abuse
syzmpiom scale was scorad independently. Of sgven role scalea
ussessing impelrment due to psychiatric disturbances in wage earner,
hhveszkeeper, atudeat, mate, parent and patfent (denial of illpness)
roles, and in addition, 2n overall average of the six scale .scores,
wa yasd only the wage asrner and mate role scalss.
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We focused primarily on the four macro-scales, the independent
symptom scale of alcohol abuse and the three role scales named.
The other symptom scales were not utilized 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: subjective distress, impulse control dis-
turbances, work role disturbances, mate role disturbances and
alcohol abuse.

Training and Reliability of Interviewers

Three loctorul-level psychologists and one master 's~level
psychologist were trained to use the P5S. All had previocus clini-
cal experience in the assessment of peychopatholeogy in both normal
and psychiatrically ill pepulatiens, Initial training consisted
of familiarization with the instrument and the use of the train-
ing manual and tapes avs ilable from Spitier, Endicott. and Cohen
(Spitzer, Endicott, and Cohen, 1968; Spitzer, Endicott, aad Cohen,
1968b). After reaching the criterion level suggested in the
training manual (less than 2 false positives and less than 4
false negatives out of 321 poasible answers for each of the stand-
ard tapes and four sapecial tapes that we produced), a minimum of
20 subjects were interviewed by pairs of psychologists. In inter~
views, the interviewers alternated the active interview task, with
the inactive member of the pair observing and independently f{il-
ing out the PSS answer sheet: This procedure was undertaken to
atandardize the interviewers' intarpratation of responges and
scoring among chemrselves.

A computer program for scoripg the entire PS5 protocol was
obtained from Dr. Endicott, Twenty~five test cases were providad
to check the accuracy of the transpianted program. Scoriug by

tha computer program was initiated after {ts absclute accuracy
was established.

Pearson product moment correlations were calculated for the
scale scores produced by the interviewsr pairs for each subject,
With the exception of three ocalea, the interviewers demonstrated
a high degree 0% consistency with reliebility coefficients rang-
ing from .83 to 1.00. The behzvior disturbance, speech disorgani-
zation, and social isolation scales had lower reliabilicy.

Tha low interviewer reliability tor those three particular
scales primarily was dus to varisnca and a differance in scoring
in ouly one iuvom in each case. Despite the high inter-rater
corralations for the other scales, it was ponsible thet chere
could have been significant mean diffirences between the pairs
of {nterviewers. A saries of t-trsts were performed and the results
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indicated no significant differences between the interviewers
in any palr. Thz scala means and scandard deviations indicated
that the high rater reliability primarily was due to a complete
agreement on the lack of pathology for most subjecis at any
1iven 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 were 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 mesn difference in the scores obtained by the two indivi-
duals. Since we also required the interviewer to surpass tha
criterion level for training suggested in the manual for the PSS,
we were confident that our interview results were highly reliable.

Internal Consistency of PSS Criterion Scales

Spitzer et al. reported the internal conaisteucy of the PSS
scales in their standardization study of 770 newly-admitted psychi-
atric inpatients (Spitzer, Endicott, Fleilss, and Cchen, 1970).
Table 125 presents the internal consistency figures derived from
the intake interviews with the ailr traffic controllers, and for
comparison, those of the inpatient standardization sample. The
table shows that high internal consistency reliability was obtained
for less severe and more prevalent areas of paychiatric dysfunction
(subjective distress, alcohol abuse, and mate role). The low iater=
nal consistency for behavioral disturbancesa, 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 expected with a sample of patients whose
symptoms were clustered more at the extremes.

Overall Paychiatric Status Profile at Intais

Table 126 preserts the means and standard deviations of
scores on the PSS for our sample of air traffic controllers,
a large group of psychiatric inpatients, and a group of 130
urbsn community residents. The absolute zero point for each
scale, indicative of no pathology, also is presented in the
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TASLE 123

internal Consistency 9f PSS Scales For Air Traffic Controllers’

At {ntake Compared To Standardization Group OF Patients

. Macro-Scalec

Subjective distress
Behavioral disturbancgs
Impulse control disturbances

Restity testing disturbances

Role Scales
Wage-earner
Hate

Parent

1
N-= h16

2
Kuder-Richardson Formula 20

Number of

| tems

8o
72
33
24

13
10

12

.82
47
.52
.38

.28

.19

Air Traffic
Controllers

k

Patient
Standardization

Sample z
.89
.80
.86
.86

.68
.76
.65

internal consistency, r » k=1 (1 - Ipg

Sy2



TABLE 126

Means and Standard Deviations Of Scores On Psychiatric

Status Schedule For Air Traffic Controllers At

Intake, A Community Sample, And A Psychiatric

Macro-scales
Subjective distress
Behavicral disgurbance
Impuise control

Reality testing
disturbance

Role Scales

Wage earner 2
(416, 93, 142)

Mate (384,82, 144)2
Parent (356,58,116)2

. Symptom Scales

Atcohol abuse

1

| 2

lnpaiient Sample

395

Air Traffic Communi ty Inpatient Score
Controllers Sample Samplel for no
N=k16 N=130 N=603 pathology
Mean (s.d.) Mean (s.d.) Mean (s.d.) (zero point)
34.1 (3.8) 33.8(4.8) 49.7(16.3} n

42.8 {2.9) 42.1(2.6) 50.7(10.4) 41

k6.7 (3.0) 45.6(1.3) 50.7(11.0) 45

4.2 (.8) bh, 5(1.4) 50.9{10.9} 4y

br.z (2.9) 40.7(2.0) 51.4(11.5) Lo

43.1 (5.3) 42.4{(5.5) 50.8(10.0) 39

44.0 (2.8) 45.4(4.0) 51.4(12.1) 43

k7.2 (3.1) 46.5(2.1) 50.7{10.5) 46

and inpatient samples respectively,

Spitzer, Endicott, Fleiss and Cchen {1970).

Number of éubjects for all male, non~patient sampie; community sample;
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last column.

The table indicates that the psychiatric profile of air
trafiic controllers and of ‘the urban community sample were
relatively similar to one another and quite uifferent from
the inpatient sample, However, the air traffic concrollers
scorud statistically higher than the urban community sample
o tie impulse control disturbance (¢ = 5.9, p .001), and
wage-earner role (t = 3.4, p .001). On the other hand, the
controllers scored significantly lower than rhe urban comamun-
ity sample on the parent role scale (t = 2.6, p .01). The
alr tvaffic controllers and the community sample were signi-
ficantly lower than the inpatients on all scales, as one
cight expect.

Some of the differences between the urban community sam-
ple and our sample were statistically significant, but of
- urknown practical or clinical significance, whereas the large
absolute differences between these two groups and the in-
patients were both statistically and clinically meaningful.
Furthermore, some of the difference between alr traffic con-
troilers and the urban community sample may have been due to
the difference in sex composition of the grouns. Our sample
was all male, while the community sauple was 587 female.
Each of the scales cn which there was a significant differ-
ence between these two groups may have reflected personalicy
. and symptom reporting differences between males and females.

Clagsification of 1ificant Psychlatric Symptomatology

The Psychiatric Status Schedule provided scsle scores for the
various areas of psychiatric aymptomatology. However, for the
“purpose of this study we needed to establish the levels at
wiilch we would consider an individual to have significant
psychiatric sympteomatology in each area. These cut-off scores
were establighed to have statiatical as weéll as clinical meap-—
ing. :

To achieve be  statistical and clinical meaning, we com-
pared the air-traftic controllers with five other groups report-
ed {n the literature, Table 127 diﬁplaya'%mmpnrative stuatistice
for inpatients, former inpatients, pre-treatment outpatients,
an urban community sample, urban commsunity leadare and thea
air traffic controllers at intske into the health change study.

Each set of three rows in Table 127 gives the mezn, stan-
dard deviation, and number of subjects in each group who wera .
scored when this nurmber was different from the total number
of subjects In a group. It is apparemt that the three non~




TABLE 127

Comparative Statistics for PSS SImpl&i'

197

Heans and standard deviations of P$S scales

Above Cutvoff

¥, Data for altl zzenles except alr traffic controllerds were supplisd by Jean Endicott, Ph.0.

of ihe Eveluation Sectlion, Blometrics, NY State Dapt. of Mantal Hyglene
NOTE: ¥ha figures in parentheses for the role scale results glve tha numbar of subjects
for whom (he rola tcale was spproprliate and scored.
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' 10+28 10.37 7 10.98 10.65 10.3% 11.47 10,08 §2.07  9.76
(1s2)  Lue) (116) (s3)
‘ Former 97 26.8 4i1.9% Sh.26 M&.05 47.02 &7.05 L5.00 50.20 &8.53 N/A
Inpatients 7.22 0.1%  M1T 4,96 3,51 MW7 8,10 .4.)2
(s) {25y (17)
Pre-treatment 9f 62.6 48.82 46.00 50.23 AHL.53 &47.42 46.77 S50.16 514} &9.09
Qutpatients 10,36 7,99 8,00 5,05 6,00 9.3 9,15 10.76 9.1k
{uu) {37) {29) (%5}
Urban curmu= 130 42.3 35.78 M2.12 45.56 44,48 A6.39 M0.65 AZ. 41 #5.36 39.§a
nity Sampls 4,61 2.55 1.31 1.35 2,07 i,99 %.52 8,09 2.02
(93} (s2) (s8} (19}
Urban commu= 26 Bh.6 33.69 h2.38 &5.85 4A.15 46.05 #0,5B 43.36 44.30 A2.00
nity Leaders ' 3,68 . 51 .43 1Y 2,99 2,16 5,22 4,11 N, 2%
{26) {22} (10} (2)
Air traffic Li6 i0C.0 3.1l 42,84 H6.69 44,22 A7.16 &1.20 43.01 LA.OO MD.92
controllers 3.77 2.8B8 2.98 .88 3,09 2.8¢ 6.30 2.82 3.08
{ATCs) (v1e)  (38%) (356} (112)
Raw Zaro 31.00 &1.00 45.00 4k.00 &6.00 #0.D0 39.00 43.00 39.00
Scora
Symptomatic 51.00 51.00 49.00 &6.00 S2.00 45.00 53.00 52.00 50.00
Cut-0ff
% ATCs ‘above 6.0 2.6 12.7 2.6 7.5 4.1 7.6 2.2 1.8
Cut~or? -
% Yrban communicy 4.9 1.5 3.1 6.1 2.3 2.1 6.1 8.5 0.0
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