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COMPLEX MONITORING PERFORMANCE AND THE CORONARY-PRONE 
TYPE A BEHAVIOR PATTERN 

INTRODUCTION 

I n c r e a s i n g l y  s o p h i s t i c a t e d  l e v e l s  of a i r  t r a f f ic  control  (ATC)  automation 
t h a t  are planned t o  be implemented over  t he  n e x t  20 y e a r s  will r e s u l t  i n  a 
g r a d u a l  s h i f t  i n  t h e  role of t h e  c o n t r o l l e r  from t h a t  o f  a n  a c t i v e  
p a r t i c i p a n t  i n  c o n t r o l  d e c i s i o n s  t o  t h a t  of a rather p a s s i v e  moni tor  of a 
computer- controlled process. Such a s h i f t  i n  role  s u g g e s t s  the  p o s s i b i l i t y  
tha t  those c o n t r o l l e r s  able t o  tolerate and perform s u c c e s s f u l l y  i n  f u t u r e ,  
h i g h l y  automated systems may differ  c o n s i d e r a b l y  i n  p e r s o n a l i t y  t y p e  from 
s u c c e s s f u l  c o n t r o l l e r s  i n  t o d a y ' s  systems. Although it is known t h a t  some 
i n d i v i d u a l s  are better able than  others t o  both tolerate  and e f f e c t i v e l y  
perform moni tor ing tasks,  a t t e m p t s  to  d e f i n e  t h e  p e r s o n a l i t y  p rof i le  of 
e f f e c t i v e  moni tors  have proven t o  be extremely d i f f i c u l t  (Berch and Kanter ,  
1984). 

Within r e c e n t  y e a r s ,  there has been i n c r e a s e d  i n t e r e s t  i n  t h e  r e l a t i o n s h i p  
of a p a r t i c u l a r  t y p e  o f  behavior  p a t t e r n ,  commonly referred t o  as the 
coronary- prone Type A p a t t e r n ,  t o  adjustment  i n  t h e  work s e t t i n g  (Chesney 
and Rosenman, 1980). T h i s  p a t t e r n ,  as  o r i g i n a l l y  formulated by Friedman 
and Rosenman (19741, c o n s i s t s  of "an action- emotion complex t ha t  can be 
observed i n  any person who is a g g r e s s i v e l y  involved i n  a c h r o n i c ,  i n c e s s a n t  
s t r u g g l e  t o  ach ieve  more and more i n  less and less time, and i f  r e q u i r e d  t o  
do s o ,  a g a i n s t  the  opposing ef for ts  of other t h i n g s  o r  o t h e r  persons"  (p.  
67).  Behaviors t h a t  c h a r a c t e r i z e  t h e  Type A p a t t e r n  i n c l u d e  
a g g r e s s i v e n e s s ,  h o s t i l i t y ,  lack of t o l e r a n c e  for  i n a c t i v i t y ,  a n  exaggerated 
s e n s e  of tlme urgency, impat ience,  and a compet i t ive  d r i v e  for  achievement 
(Matthews, 1982). I n a i v l d u a l s  d i s p l a y i n g  r e l a t i v e l y  few of these behav iors  
are cons idered  t o  be Type B. A number of these behav iors ,  e.g., time 
urgency, impat ience,  i n t o l e r a n c e  for  i n a c t i v i t y ,  and a need t o  work i n  a 
compet l t ive  environment,  would appear t o  be a t  v a r i a n c e  w i t h  behav iors  t h a t  
one might  expec t  t o  be associated w i t h  i n d i v i d u a l s  able t o  tolerate 
moni to r ing  o r  v ig i l ance- type  tasks .  Consequently,  a r e l a t i o n s h i p  between 
t h e  Type A behavior  p a t t e r n  and a n  i n a b i l i t y  t o  tolerate such tasks might 
be expected.  

The few s t u d i e s  t h a t  have compared Type A and B i n d i v i d u a l s  w i t h  respect t o  
moni to r ing  tasks,  however, have n o t  supported t h i s  e x p e c t a t i o n .  For 
example, Lundberg and Forsman (1979) failed t o  f i n d  any a i f f e r e n c e s  between 
Type A and B i n d i v i d u a l s  i n  the i r  performance of a s imple v i s u a l  v i g i l a n c e  
task,  w i t h  bo th  Types showing comparable d e c l i n e s  i n  c o r r e c t  d e t e c t i o n s  
over  t h e  l-hour s e s s i o n .  I n  a d d i t i o n  t o  performance, s u b j e c t i v e  measures 
of boredom, c o n c e n t r a t i o n ,  e f fo r t ,  impa t ience ,  i n t e r e s t ,  i r r i t a t i o n ,  
r e l a x a t i o n ,  t e n s e n e s s ,  and t i r e d n e s s  were also ob ta ined .  While most of 
these changed s i g n i f i c a n t l y  d u r i n g  t h e  s e s s i o n ,  a g a i n  there were no Type 
A/B d i f f e r e n c e s  on any measure. F i n a l l y ,  a l though  there was a tendency f o r  
c o r t i s o l  e x c r e t i o n  of Type A's t o  exceed tha t  of Type B's d u r i n g  t h e  
v i g i l a n c e  task,  there were no Type A/B d i f f e r e n c e s  i n  either heart rate 
change o r  i n  a d r e n a l i n e  e x c r e t i o n .  
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To our  knowledge, t h e  o n l y  other s t u d y  of Type A behavior  and moni to r ing  
performance was conducted by Lundberg, Warm, Seeman, and Porter (1980). 
T h i s  s t u d y  a l s o  employed a v i s u a l  v i g i l a n c e  task w i t h  performance measured 
over  a 1-hour s e s s i o n .  It was p r e d i c t e d  t h a t  t h e  group classified as Type 
A would be less able t o  s u s t a i n  a t t e n t i o n  t o  the  task and would exper ience  
it as more s t r e s s f u l  than  would t h e  Type B group. The r e s u l t s  r evea led  an 
e q u i v a l e n t  performance d e c l i n e  i n  both groups ,  and there was no ev idence  
t h a t  t h e  groups d i f f e r e d  i n  exper ienced boredom, f a t i g u e ,  o r  i r r i t a t i o n .  
S u r p r i s i n g l y ,  however, Type A's c o n s i s t e n t l y  detected more s i g n a l s  d u r i n g  
t h e  t a s k ,  and t h u s  appeared t o  be g e n e r a l l y  more a ler t  d u r i n g  performance 
t h a n  Type B's. While t h i s  f i n d i n g  was c o n t r a r y  t o  the i r  i n i t i a l  
e x p e c t a t i o n s ,  t h e  a u t h o r s  i n t e r p r e t e d  t h e  f i n d i n g  as be ing  c o n s i s t e n t  w i t h  
d e s c r i p t i o n s  of Type A's as be ing  more h y p e r a l e r t  t h a n  Type B's. 

Neither of t h e  s t u d i e s  j u s t  cons idered  found any ev idence  t h a t  would 
suggest Type A's to  be less able than  Type B's either t o  tolerate 
moni to r ing  tasks or t o  s u s t a i n  a t t e n t i o n  d u r i n g  t h e  performance of such 
tasks. On t h e  c o n t r a r y ,  there is evidence t o  s u g g e s t  t h a t  Type A ' s  may 
a c t u a l l y  be more a le r t  d u r i n g  moni to r ing  performance t h a n  Type B ' s .  A s  we 
no ted  i n i t l a l l y ,  i n c r e a s e s  i n  ATC automat ion will r e s u l t  u l t i m a t e l y  i n  
increased moni to r ing  r e s p o n s i b i l i t i e s .  As these job requ i rements  assume 
greater importance,  t h e  d e s i r a b i l i t y  of i d e n t i f y i n g  t h o s e  characteristics 
of I n d i v i d u a l s  who are able t o  bo th  tolerate and perform e f f e c t i v e l y  on 
moni to r ing  tasks i n c r e a s e s  i n  s i g n i f i c a n c e .  The p o s s i b i l i t y  t h a t  
i n d i v i d u a l s  p o s s e s s i n g  the Type A behavior  p a t t e r n  m i g h t  a c t u a l l y  be 
s u p e r i o r  t o  Type B ' s  i n  moni to r ing  performance d e s e r v e s  f u r t h e r  
i n v e s t i g a t i o n .  

The task employed i n  t h e  p r e s e n t  s t u d y  was a n  updated v e r s i o n  of the  radar 
moni to r ing  task used i n  many of our  p rev ious  s t u d i e s  (e.g., Thackray and 
Touchstone, 1980) and r e p r e s e n t s  an  on-going a t t e m p t  t o  d e v i s e  a task tha t  
more c l o s e l y  approaches  real- life moni to r ing  requirements .  As 
i n v e s t i g a t o r s  are beginning t o  recognize ,  modern o p e r a t i o n a l  v i g i l a n c e  
tasks, such as t h o s e  i n v o l v i n g  t h e  moni to r ing  of automated processes, 
i n v o l v e  more than  s imply d e t e c t i n g  and responding t o  i n f r e q u e n t  changes i n  
unidimensional  s t i m u l i .  They f r e q u e n t l y  i n v o l v e  complex mul t id imens iona l  
d i s c r i m i n a t i o n s  (Mackie 1984) i n  which s t i m u l u s  d e t e c t i o n  or i d e n t i f i c a t i o n  
may be followed by i n t e r p r e t a t i o n  o f  s i g n i f i c a n c e ,  d e c l s i o n s  as  t o  
appropriate a c t i o n ,  implementation of a c t i o n s ,  and e v a l u a t i o n  o f  
consequences (Craig 1984).  The p r e s e n t  task,  a l though  still i n  t h e  
development phase,  r e p r e s e n t s  an a t t e m p t  t o  i n c o r p o r a t e  these a d d i t i o n a l  
e lements .  Only data p e r t a i n i n g  t o  t h e  d e t e c t i o n  of c r i t i c a l  e v e n t s  are 
r e p o r t e d  i n  t h i s  s tudy .  Those data r e l e v a n t  t o  other s u b t a s k  e lements  are 
be ing  analyzed i n  t h e  c o n t e x t  of t h e  development p rocess  and will form t h e  
basis of a subsequent  s tudy .  For purposes  of p rov id ing  t h e  reader w i t h  
de ta i l s  regarding the  t o t a l  task performed by t h e  s u b j e c t s ,  all aspects of 
t h e  t a s k  are described i n  t h e  procedure.  

METHOD 

S u b j e c t s .  Type A/B c l a s s i f i c a t i o n  of i n d i v i d u a l s  was based on J e n k i n s  
A c t i v i t y  Survey (JAS) scores ( J e n k i n s ,  Rosenman, and Zyzanski,  1974) 
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u s i n g  t h e  Form T v e r s i o n  developed for use w i t h  college s t u d e n t s  (Glass, 
1977). Eighty- five  male i n t r o d u c t o r y  psychology s t u d e n t s  from classes a t  
t h e  U n i v e r s i t y  of Oklahoma were admin is te red  t h e  JAS. A median s p l i t  was 
used,  w i t h  t h o s e  f a l l i n g  above and below t h e  median score (medianz8) 
c lassif ied as Type A and Type B r e s p e c t i v e l y .  The median score of 8 
corresponds c l o s e l y  t o  va lues  reported f o r  college popula t ions  (Glass, 
1977). Eighteen Type A and a n  e q u a l  number of Type B i n d i v i d u a l s  
vo lun tee red  t o  participate i n  t he  s tudy .  S u b j e c t s  ranged i n  age from 18 t o  
29 y e a r s ,  were nonsmokers, and had no pr ior  exper ience  w i t h  t h e  task used 
o r  p rev ious  ATC t r a i n i n g .  A l l  had c o r r e c t e d  or uncor rec ted  20/20 v i s i o n .  

Apparatus and Task Design. The basic exper imenta l  equipment c o n s i s t e d  of a 
Digital Equipment Corpor t ion (DEC)  VS11 19- in (49-cm) graphics d i s p l a y ,  
keyboard,  and j o y s t i c k ,  a l l  of which were i n t e r f a c e d  w i t h  a VAX 11/730 
computer (DEC). The computer was used both  t o  g e n e r a t e  i n p u t  t o  t h e  
d i s p l a y  and t o  p rocess  s u b j e c t  responses .  The VS11 was incorpora ted  i n t o  a 
conso le  designed t o  c l o s e l y  resemble an ATC radar u n i t .  Two d l a g o n a l ,  
n o n i n t e r s e c t i n g  f l l g h t  p a t h s  were located on t h e  d i s p l a y ,  a l o n g  which 
a i rcraf t  targets could move i n  either d i r e c t i o n .  A g iven a i rcraf t ' s  
l o c a t i o n  was d i s p l a y e d  as a small s b l i p l l  on the f l ight  pa th ,  and a n  
a d j a c e n t  alphanumeric data block i d e n t i f i e d  t h e  a i rcraf t  and gave its 
a l t i t u d e  and groundspeed. Aircraft were updated i n  p o s i t i o n  and any change 
i n  alphanumerics every  6 s .  Figure  1 shows a t y p i c a l  target p a t t e r n  as 
d i s p l a y e d  t o  t h e  s u b j e c t ,  w i t h  t he  t o t a l  console- display c o n f i g u r a t i o n  
shown i n  F igure  2. 

-- 

Tne s u b j e c t ' s  task was to  c o n t i n u a l l y  monitor t h e  d i s p l a y  for one of two 
t y p e s  of change i n  t h e  alphanumeric data blocks. The d u r a t i o n  of each type  
o f  change (referred t o  as a c r i t i ca l  e v e n t )  was 90 s; i f  a s u b j e c t  failed 
t o  detect a c r i t i c a l  even t  w i t h i n  t h i s  90-s pe r iod ,  the  data b l o c k  
c o n t a i n i n g  the change r e v e r t e d  t o  its prev ious  s tate.  

The first type  of cr i t ical  e v e n t  was r e a d i l y  detectable and c o n s i s t e d  of 
three X's i n  p l a c e  of t he  three a l t i t u d e  numbers i n  a given data block. 
S u b j e c t s  were told  that t h i s  replacement of a n  a l t i t u d e  va lue  s i g n i f i e d  
t h a t  a mal func t ion  had occur red  r e s u l t i n g  i n  a loss of a l t i t u d e  
in format ion .  Upon d e t e c t i o n  of such an e v e n t ,  s u b j e c t s  were t o l d  t o  press 
a bu t ton  on t h e  conso le  l a b e l e d  "XXX malfunction, ' '  move a 
j o y s t i c k- c o n t r o l l e d  c u r s o r  over  t h e  data b lock  c o n t a i n i n g  t h e  c r i t i c a l  
e v e n t ,  and t o  p r e s s  a n o t h e r  bu t ton  on t h e  j o y s t i c k  c o n t r o l  u n i t .  T h i s  las t  
response " c o r r e c t e d n  t h e  mal func t ion  by r e p l a c i n g  t h e  three X ' s  w i t h  t h e  
p rev ious  a l t i t u d e  value .  The second type  of c r i t i c a l  e v e n t  was more 
d i f f i c u l t  t o  detect, s i n c e  i t  was n o t  immediately apparen t .  T h i s  even t  was 
t h e  occur rence  of two a i r c ra f t  a t  t h e  same a l t i t u d e  on t h e  same f l ight  
pa th .  As soon as such an e v e n t  was no ted ,  s u b j e c t s  pressed a second 
conso le  bu t ton  labeled " A l t i t u d e  Check." S u b j e c t s  nex t  determined whether 
t h e  two a i rcraf t  were moving towards each o t h e r ,  away from each o t h e r ,  or 
i n  t h e  same d i r e c t i o n .  On the basis of t h i s  d e t e r m i n a t i o n ,  s u b j e c t s  then 
pressed ei ther  a l lConf l ic t l l  bu t ton  ( i n d i c a t i n g  that  t h e  a i rcraf t  were 
moving towards each other)  o r  a "No C o n f l i c t"  but ton ( i n d i c a t i n g  t h a t  t h e  
aircraft  were either moving away from each other or were moving i n  t h e  same 
d i r e c t i o n ) .  All ai rcraf t  i n  t h i s  s l m u l a t i o n  were ass igned  a speed of 450 
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mph. Thus, aircraft could n o t  over take  one a n o t h e r ,  and o n l y  targets 
moving towards each other would c o n s t i t u t e  a p o t e n t i a l  c o n f l i c t  s i t u a t i o n .  
Following a " c o n f l i c t"  d e c i s i o n ,  t h e  c u r s o r  was p o s i t i o n e d  over  one of the  
two c o n f l i c t i n g  aircraft  and t h e  j o y s t i c k  c o n t r o l  b u t t o n  was pressed.  T h i s  
caused a new a l t i t u d e  v a l u e  t o  appear  i n  t h e  lower l e f t  of t h e  s c r e e n  tha t ,  
s u b j e c t s  were t o l d ,  r e p r e s e n t e d  a va lue  selected by the computer t o  r e s o l v e  
the  conflict. S u b j e c t s  then  v e r i f i e d  t h a t  t h e  computer- assigned a l t i t u d e  
d i d  n o t  r e s u l t  i n  a c o n f l i c t  w i th  some other aircraft  on the  f l i gh t  path.  
If no new c o n f l i c t  was created, a keyboard e n t r y  was made tha t  ass igned  t h e  
new a l t i t u d e  va lue  t o  one of t h e  two p r e v i o u s l y  c o n f l i c t i n g  aircraft .  
(Under the  s i m u l a t i o n  used,  a computer- assigned a l t i t u d e  never  c o n f l i c t e d  
w i th  t he  a l t i t u d e  of any o t h e r  aircraft .)  

Whenever a "no c o n f l i c t "  response was made, no f u r t h e r  a c t i o n  ensued,  s i n c e  
no change i n  a l t i t u d e  was requ i red .  S u b j e c t s  were t o l d  tha t  t h e  a l t i t u d e  
of one of t h e  two n o n c o n f l i c t i n g  aircraft would e v e n t u a l l y  change t o  some 
o t h e r  va lue  ( t h i s  time i n t e r v a l  was v a r i a b l e ,  bu t  always less than  t h e  90-s 
s t i m u l u s  d u r a t i o n  p e r i o d )  and t h a t  t hey  had t o  remember that t h e y  had 
responded t o  t h i s  p a r t i c u l a r  pair  of aircraft.  If they  failed t o  remember 
and responded a second time, a n  error was recorded. 

The number of targets on each f l ight  p a t h  was kep t  e q u a l  a t  a l l  times; as 
one l e f t  the s c r e e n ,  a n o t h e r  appeared.  To preven t  data block o v e r l a p s ,  two 
c o n s t r a i n t s  were necessary:  (a)  speed was held c o n s t a n t  a t  450 miles per  
hour for  all aircraf t ,  and ( b )  a l l  data blocks for targets moving from le f t  
t o  right were p o s i t i o n e d  above t h e  f l i g h t  p a t h ,  whi le  those moving right t o  
l e f t  were located below. Nine c r i t i c a l  e v e n t s  occur red  i n  each 30-min 
period, w i t h  no more t h a n  one e v e n t  p r e s e n t  a t  any g iven  time. O f  these 
n i n e  e v e n t s ,  three xere XXX's, three were c o n f l i c t i n g  a l t i t u d e  changes,  and 
three were n o n c o n f l i c t i n g  changes. These e v e n t s  were a r ranged  i n  a 
quasi- random order w i t h  t h e  r e s t r i c t i o n  t h a t  each of t h e  three t y p e s  of 
e v e n t s  had t o  occur  a t  least  once i n  both t h e  first and second 15 min of 
each 30-min per iod .  S u b j e c t s  were g iven  no in format ion  r e g a r d i n g  the  
f requency of e v e n t s  or the i r  order of occur rence .  The times between e v e n t s  
( i n t e r s t i m u l u s  i n t e r v a l s )  ranged from 126 t o  302 s with  a mean of 200 S. 

The s u b j e c t  was observed from a n  a d j a c e n t  room v i a  c l o s e d- c i r c u i t  TV. 
I n d i r e c t  l i g h t i n g  was used i n  the  s u b j e c t ' s  room, and t h e  l e v e l  of 
i l l u m i n a t i o n  a t  t h e  d i s p l a y  was 5.6 lux .  

P h y s i o l o g i c a l  I n s t r u m e n t a t i o n  Measurement. Measurements of s y s t o l i c  
blood p r e s s u r e  (SBP) and diastol ic  blood p r e s s u r e  (DBP) were made u s i n g  a 
Narco Bio-Systems Model PE-300 Electro-Sphygmomanometer, t h e  o u t p u t  of  
which was connected t o  one of the channe l s  of a Beckman Type R611 recorder. 
SBP was determined from t h e  first Korotkoff sound t o  be recorded i n  t h e  
descending p r e s s u r e  c y c l e ,  w i t h  DBP t aken  t o  be t h e  first Korotkoff sound 
having a n  a , i p l i t u d e  less than  one- th i rd  t h e  ampli tude of t h e  maximum 
recorded sound. T h i s  t echn ique  has been used by Cartwrlght (1973) and 
correlates well w i t h  conven t iona l  c l i n i c a l  measurements. Heart rate ( H R )  
was ob ta ined  from a photoelectric plethysmograph attached t o  t h e  middle 
f i n g e r  of t h e  left hand. The o u t p u t  of t h i s  t r a n s d u c e r  led t o  a Beckman 
cardiotachometer and was recorded on a second channel .  A measure of gross 
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Figure  1. A t y p i c a l  target c o n f i g u r a t i o n  as d i s p l a y e d  to t h e  s u b j e c t .  

Figure  2. The s imulated  ATC work station.  Only t h e  c o n s o l e  on t h e  l e f t  was 
used i n  t h i s  s t u d y .  
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body movement ( r e s t l e s s n e s s )  was der ived  from a modif ied c r y s t a l  
f i nge r- pu l se  t r ansduce r  t h a t  was attached beneath t h e  seat of t h e  s u b j e c t ' s  
chair. The ana log  ou tpu t  of t h i s  t r ansduce r  was pu l se  i n t e g r a t e d  and t hen  
l e d ,  a l o n g  w i t h  the cardiotachometer  o u t p u t ,  t o  d i g i t a l  i n p u t s  of t h e  
computer. 

Heart rate was recorded cont inuous ly  and blood p r e s s u r e  i n t e r m i t t e n t l y  both 
d u r i n g  an  i n i t i a l  b a s e l i n e  per iod  and d u r i n g  the 2 hours  of task 
performance. Blood p re s su re  de t e rmina t i ons  were made every  2 min du r ing  
t h e  b a s e l i n e  per iod  and every  10 min du r ing  the  task s e s s i o n .  The b a s e l i n e  
period,  which lasted a t  least  6 min f o r  a l l  s u b j e c t s ,  was te rmina ted  when 6 
min had passed and 2 succes s ive  s y s t o l i c  r ead ings  w i t h i n  +- 5mmHg were 
ob t a ined .  For purposes  of data a n a l y s i s ,  b a s e l i n e  HR c o n s i s t e d  o f  the  mean 
of t h e  f i n a l  5 min of t h i s  pe r iod ,  while b a s e l i n e  SBP and DBP were mean 
va lues  der ived  from the las t  2 measurements. During t h e  2-hour task 
s e s s i o n ,  mean HR va lue s  were obta ined  from 5-min measurement pe r iods  
l o c a t e d  a t  the beginning of t h e  s e s s i o n  and every  30 min thereafter. Blood 
p re s su re  was ob ta ined  d u r i n g  times tha t  corresponded t o  t h e  HR per iods .  
Body movement was recorded on ly  d u r i n g  the  task s e s s i o n  and c o n s i s t e d  o f  
t h e  sum of the i n t e g r a t o r  pu l s e s  w i th in  each succes s ive  half  hour.  

Procedure.  Upon a r r i v i n g  a t  t h e  l a b o r a t o r y ,  each s u b j e c t  was given g e n e r a l  
in format ion  about  t h e  experiment.  A t  t h e  completion of t h i s  i n i t i a l  
o r i e n t a t i o n ,  s u b j e c t s  rece ived  an  informed consen t  s t a t emen t  t o  read and t o  
s i g n  i f  t hey  wished t o  p a r t i c i p a t e  i n  t he  s tudy .  (None r e fu sed  t o  s i g n . )  
The blood p re s su re  c u f f  and f i n g e r  pu l s e  t r ansduce r  were then  attached and 
t h e  b a s e l i n e  per iod  ensued. Immediately fo l l owing  t h i s  pe r iod ,  s u b j e c t s  
rated thei r  f e e l i n g s  of  f a t i g u e ,  a t t e n t i v e n e s s ,  s t r a i n ,  boredom, 
drowsiness ,  i r r i t a t i o n ,  impat ience ,  and t e n s i o n  on l i n e  scales, t h e  
extremes of which were anchored a t  0 (minimum) and 100 (maximum). 

After completion of the r a t i n g  scales, s u b j e c t s  rece ived  t a sk  i n s t r u c t i o n s  
and separate practice i n  responding t o  each of t h e  three k inds  of c r i t i ca l  
even t s .  This  was fol lowed by a n  a d d i t i o n a l  practice s e s s i o n  i n  which the  
v a r i o u s  k inds  of c r i t i c a l  even t s  were presen ted  i n  a random o rde r .  
Twenty-one c r i t i c a l  e v e n t s  (seven of each k ind )  occur red  d u r i n g  t h e  21-min 
p r a c t i c e  s e s s i o n .  On rare occas ions ,  a d d i t i o n a l  p r a c t i c e  was g iven  i f  t h e  
s u b j e c t  appeared t o  have d i f f i c u l t y  w i th  any o f  the  procedures .  

The exper imenta l  s e s s i o n  lasted 2 hours .  I n  order t o  add a greater element 
of realism t o  the  task,  a tape r eco rd ing  of background n o i s e s  recorded i n  
a c t u a l  a i r  t raff ic  c o n t r o l  radar rooms was played cont inuous ly  d u r i n g  the  
2-hour task s e s s i o n .  Sound l e v e l  of t h i s  n o i s e  a t  t h e  s u b j e c t ' s  head 
l o c a t i o n  was 62 dBA. It was no t  expected t h a t  t h i s  would affect  
performance, s i n c e  an earlier s t u d y ,  u s i n g  a prev ious  ve r s ion  of our 
moni tor ing  task, fa i led  t o  f i n d  any s i g n i f i c a n t  performance effects of t h i s  
n o i s e  a t  a cons ide rab ly  higher (80 dBA) l e v e l  (Thackray 1982). 

A t  the completion of  t he  2-hour task period,  a second form of the 
s u b j e c t i v e  scales was adminis te red .  This  form was i d e n t i c a l  t o  t h e  first, 
except  tha t  s u b j e c t s  were i n s t r u c t e d  t o  rate each item w i t h  respect t o  how 
t h e y  f e l t  near  the  end of  t h e  t a s k  j u s t  completed, and an  item was added 
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d e a l i n g  w i t h  how much e f f o r t  was r e q u i r e d  t o  con t inue  performing t h e  task  
as the  s e s s i o n  progressed.  Following t h i s ,  s u b j e c t s  were given a thorough 
d e b r i e f i n g  w i t h  regard t o  t h e  purpose o f  t h e  experiment.  

RESULTS 

Performance Data. As desc r ibed  earl ier ,  two l e v e l s  of s t i m u l u s  d i f f i c u l t y  
were employed i n  t h i s  s tudy .  I n  t he  first l e v e l ,  subjects were r e q u i r e d  t o  
s imDlv  scan  t h e  d i s p l a v  f o r  three X ' s  t h a t  replaced a three-digit a l t i t u d e  
v a l u e  i n  one o f  t he  targets on t h e  sc reen .  The second,  more d i f f i c u l t  
level  required subjects  t o  c o n t i n u a l l y  compare each target ' s  a l t i t u d e  w i t h  
t he  a l t i t u d e  v a l u e s  of a l l  o t h e r  targets on a g iven f l i g h t  p a t h  t o  detect 
t he  o c c a s i o n a l  occurrence  o f  two targets a t  t h e  same a l t i t u d e .  These two 
levels of  s t i m u l u s  d i f f i c u l t v  will hencefo r th  be r e f e r r e d  t o  as  the  low 
difficulty ( L D )  and nlgh d r f f i c u l t y  (HD) l e v e l s  r e s p e c t i v e l y .  

F igure  3 shows mean d e t e c t i o n  times a c r o s s  s u c c e s s i v e  30-min p e r i o d s  for 
TvDe A and B i n d i v i d u a l s  f o r  the two l e v e l s  of  s t i m u l u s  d i f f i c u l t y .  A 
repeated measures a n a l y s l s  of  va r i ance  ( A N O V A )  app l i ed  t o  the  LD data 
revealed no s i g n i f i c a n t  effects f o r  group,  f o r  time per iod ,  or f o r  t h e  
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group by per iod  i n t e r a c t i o n  (p>.lO i n  each case). For HD data,  F igure  3 
shows a g e n e r a l  i n c r e a s e  i n ' d e t e c t i o n  time across periods for both  groups ,  
and a n  ANOVA performed on these data r e v e a l e d  t h i s  effect t o  be s i g n i f i c a n t  
(F(3/102)=6.81,  p<.O5). Once a g a i n ,  however, t h e  group effect  was n o t  
s i g n i f i c a n t  nor  was t h e  group by per iod  i n t e r a c t i o n  (p>.lO i n  both cases). 

With regard t o  errors of omiss ion,  the  more r e a d i l y  detectable LD e v e n t s  
were seldom missed by s u b j e c t s  i n  either group,  I n  t o t a l ,  o n l y  6 LD e v e n t s  
were missed; f o u r  o f  these were missed by Type A i n d i v i d u a l s  and 2 were 
missed by Type B's. For HD e v e n t s ,  v i r t u a l l y  a l l  s u b j e c t s ,  i r r e s p e c t i v e  of 
group, missed a t  least 1 e v e n t  d u r i n g  t h e  2-hour s e s s i o n .  The mean number 
of HD e v e n t s  missed by i n d i v i d u a l s  i n  both groups d u r i n g  t h e  first and 
second hours  of t h e  s e s s i o n  is shown ' in  Tab le  1. Examination of these data 

r e v e a l s  t h a t  approximately  1 e v e n t  was missed by s u b j e c t s  i n  both groups 
d u r i n g  t h e  first hour with t h i s  i n c r e a s i n g  t o  approximately  2 d u r i n g  t h e  
second hour. S e p a r a t e  Wilcoxon tests r e v e a l e d  the  i n c r e a s e  from first t o  
second hour t o  be s i g n i f i c a n t  (p<.05)  for  both  groups ,  but  a Mann-Whitney U 
test showed t h i s  i n c r e a s e  i n  errors to  be no greater for Type A's than  f o r  
Type B's. 

P h y s i o l o g i c a l  Data . 
Mean b a s e l i n e  v a l u e s  for  SBP, DBP, and HR are shown i n  Table  2. Separate 
tests conducted on each measure r e v e a l e d  t h e  d i f f e r e n c e  between groups t o  

Type A 
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be significant for HR ( t (221=2.55,  p<.OS), but  no TVDe A/B d l f f e r e n c e s  
e x i s t e d  for. e l ther  SBP o r  UBP. (Note: The HR a n a l y s i s  was based on o n l y  
24 sub. iec ts  because o f  r e c o r d i n g  d i f f i c u l t i e s  w i t h  t h e  equipment employed.) 
Remaining a n a l y s e s  of t h e  c a r d i o v a s c u l a r  data were Performed on change 
scores ob ta ined  bv s u b t r a c t i n g  each sub. jec t ' s  b a s e l i n e  score from each o f  
t h e  scores ob ta ined  d u r i n g  t h e  task per iod .  Mean change scores are shown 
i n  FiKure 4. 
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Fi#ure  4. Plean cnange scores for  H R ,  SBP, ana DBP ob ta lned  a t  the beginning 
ot' t h e  s e s s i o n  and a t  3O-mln i n t e r v a l s  thereaf ter .  
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Repeated measures ANOVAs r evea led  a s i g n i f i c a n t  time p e r i o d s  effect f o r  SBP 
(F(4/136)=25.95,  p<.OOl), f o r  DBP (F(4/136)=3.31,  p<.Ol) ,  and f o r  HR 
(F(4/88)=35.44, p<.OOl). O f  the remaining effects ,  o n l y  t h e  group effect  
f o r  HR was s i g n i f i c a n t  (F(1/22)=7.15,  p<.Ol). Examination o f  F igure  4 
r e v e a l s  t h a t ,  r e l a t i v e  t o  b a s e l i n e ,  Type A ' s  showed greater change i n  HR 
throughout  t h e  s e s s i o n  than  d i d  Type B ' s .  I n t e r e s t i n g l y  enough, the  Type A 
HR change c o n s i s t e d  of a decrease i n  rate tha t  was p r e s e n t  even a t  the  
start o f  the s e s s i o n .  

Data f o r  body movement ( r e s t l e s s n e s s )  ob ta ined  over s u c c e s s i v e  30-min 
p e r i o d s  of the  task s e s s i o n  are shown i n  Tab le  3. ( A s  noted earlier, 
b a s e l i n e  r e c o r d i n g s  were n o t  ob ta ined  f o r  t h i s  measure.) The ANOVA 
conducted on these data revea led  t h e  i n c r e a s e  i n  r e s t l e s s n e s s  d u r i n g  t h e  
s e s s i o n  t o  be s i g n i f i c a n t  (F(3/84)=7.84,  p<.OOl), but  there was no 
s i g n i f i c a n t  d i f f e r e n c e  between groups and no s i g n i f i c a n t  i n t e r a c t i o n .  

Table 3. Mean number of body movements ( i n t e g r a t o r  p u l s e s )  f o r  Type A and B 
i n d i v i d u a l s  over s u c c e s s i v e  30-minute pe r iods  of the t a s k  s e s s i o n .  

Type A 2692 302 3 31 07 31 37 

Type B 2905 3066 3273 3903 

S u b j e c t i v e  Data. 

Tab le  4 shows mean s c o r e s  f o r  the s u b j e c t i v e  r a t i n g- s c a l e  data. The va lues  
shown r e p r e s e n t  measured distances i n  mm from the  l e f t  o r  zero  p o i n t  of t h e  
l i n e  scale f o r  each item. Values could range from 0 t o  190, w i t h  a s c o r e  
o f  95 r e p r e s e n t i n g  the  midpoint .  Inc reased  Fa t igue  (F(1/34)=29.74,  
p<.OOl), S t r a i n  (F(1/34)=38.55,  p<.OOl), Boredom (F(1/34)=42.16,  p<.OOl), 
Drowsiness (F(1/34)=26.87,  p<.OOl), I r r i t a t i o n  (F(1/34)=15.30, p<.OOl), and 
Impatience (F(1/34)=18.12,  p<.OOl), as well as decreased A t t e n t i v e n e s s  
(F(1/34)=39.05,  p<.OOl) were r e p o r t e d  by s u b j e c t s  i n  both groups (see Table 
4 ) .  Tension was the on ly  v a r i a b l e  f a i l i n g  t o  show a s i g n i f i c a n t  pre-  t o  
p o s t t a s k  change. None of the group o r  i n t e r a c t i o n  effects was significant 
f o r  any of  the above v a r i a b l e s .  A one-way ANOVA performed on t h e  E f f o r t  
data ob ta ined  a t  t h e  completion of  the s e s s i o n  revea led  the group e f fec t  t o  
be n o n s i g n i f i c a n t .  



Item Group Pretask Posttask 

Fatigue 34 
31 

75  
83 

Attentiveness 151 
130 

86 
77 

Strain 23 69 
26 82 

Boredom 18 
40 

92 
99 

Drowsiness 40 
44 

93 
94 

Irritation 11 
21 

42 
59 

Impatience 19 
32 

67 
76 

Tension 37 
42 

35 
71  

Effort 

DISCUSSION 

O f  the  two p rev ious  s t u d i e s  of Tvoe A behavior  and v i g i l a n c e ,  one f a i l ed  t o  
f l n d  any  ev idence  of d i f f e r e n c e s  i n  the performance of Type A and B 
i n d i v i a u a l s  (Lundberp; and Forsman, 1979). w h i l e  t h e  o ther  s t u d y  founa t h a t  
Type A's, a l t hough  n o t  d i f f e r i n g  from Type B ' s  i n  t he  ra te  a t  which s i g n a l  
d e t e c t l o n  d e c l i n e d  d u r i n g  t h e  s e s s i o n ,  c o n s i s t e n t l y  detected s i g n a l s  a t  a 
h i g h e r  o v e r a l l  l e v e l  throughout  the  s e s s i o n  t h a n  d i d  Type B ' s  (et al., 
1980). If confirmed,  the f i n d i n g  t h a t  Type A i n d i v i d u a l s  might a c t u a i l y  be 
somewhat better mon l to r s  t h a n  Type B ' s  cou ld  have rmpor tan t  l m p l l c a t i o n s  
fo r  t h e  s e l e c t i o n  of c o n t r o l l e r s  I n  f u t u r e ,  h i g h l y  automated ATC systems.  
The r e s u l t s  of t h e  p r e s e n t  s t u a y ,  however, f a i l ed  t o  suppo r t  the ear l ier  
Lundberg e t  a1 (1980) f i n d l n g .  Type A l n d i v l d u a l s  were found n o t  t o  d i f fer  
from Type B ' s  on any o f  the performance measures  employed. Nor was there 
ev idence  from e i ther  the Dhysiological o r  s u b j e c t i v e  measures t o  i n d i c a t e  
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t h a t  Type A's found the  task t o  be any more s t r e s s f u l  or a r o u s i n g  than  d i d  
Type B's. If any th ing ,  t h e  HR data s u g g e s t s  less r e a c t i o n  t o  the t a s k  by 
Type A's than by Type B's. The f i n d i n g s  of the  p r e s e n t  s t u d y ,  t h e n ,  are i n  
g e n e r a l  agreement with the  r e s u l t s  ob ta ined  by Lundberg and Forsman (1979) ,  
who likewise were unable t o  demonstrate s i g n i f i c a n t  d i f f e r e n c e s  between 
Type A and B i n d i v i d u a l s  i n  performance, p h y s i o l o g i c a l  response ,  or 
s u b j e c t i v e  r e a c t i o n  t o  t h e  v i g i l a n c e  task t h a t  they  employed. 

I n  a t t e m p t i n g  t o  account f o r  t h e  d i f f e r e n c e s  i n  f i n d i n g s  of t h e  Lundberg, 
e t  a l .  ( 1980) and t h e  Lundberg and Forsman ( 1979) s t u d i e s ,  Warm (1986) h a s  
sugges ted  t h a t  task d i f f i c u l t y  may have been a s i g n i f i c a n t  f a c t o r .  The 
v i g i l a n c e  task used by Warm i n  t h e  Lundberg, e t  a l .  (1980) s tudy  
a p p a r e n t l y  involved rather d i f f i c u l t  d i s c r i m i n a t i o n  o f  s t i m u l u s  motion. 
Mean d e t e c t i o n  rate on t h i s  task was i n i t i a l l y  705,  w i t h  t h i s  dropping t o  
40% by t h e  end o f  t h e  s e s s i o n .  I n  t h e  s p a t i a l  d i s c r i m i n a t i o n  task used by 
Lundberg and Forsman (1979) ,  however, i n i t i a l  and f i n a l  d e t e c t i o n  rates 
were 80% and 70% r e s p e c t i v e l y .  The h igher  i n i t i a l  rate  and lesser 
decrement over time sugges ted  t o  Warm tha t  t h e  t a s k  used by t h e s e  l a t t e r  
i n v e s t i g a t o r s  may have been less d i f f i c u l t  than  t h e  one t ha t  he and h i s  
c o l l e a g u e s  employed. There is some evidence  t h a t  d i f f e r e n c e s  between Type 
A and B i n d i v i d u a l s  i n  both task performance and i n  p h y s i o l o g i c a l  
r e a c t i v i t y  t o  t a s k  demands may become m a n i f e s t  on ly  i f  the task is  
perceived t o  be s u f f i c i e n t l y  d i f f i c u l t  (Matthews, 1982). To the e x t e n t  
t h a t  Type A's perceived t h e  Lundberg, e t  a l .  task t o  be a c h a l l e n g i n g  one,  
i t  is conceivable  tha t  t hey  may have e x e r t e d  more e f f o r t  than d i d  Type B's. 
Presumably, n e i t h e r  type  found the Lundberg and Forsman (1979) t a s k  t o  be 
e s p e c i a l l y  cha l l eng ing .  P o s s i b l e  suppor t  f o r  t h i s  might  be de r ived  from 
t h e  f a c t  tha t  Type A's i n  t h e  Lundberg, e t  a l .  (1980) s t u d y  expressed 
greater s t r a i n  d u r i n g  t h e  t a s k  s e s s i o n  than  d i d  Type B's; the Lundberg and 
Forsman (1979) s t u d y  fa i led  t o  f i n d  any Type A/B d i f f e r e n c e s  i n  exper ienced 
stress or s t r a i n .  

I f  Warm's hypo thes i s  is a p p l i e d  t o  the  p r e s e n t  s t u d y ,  i t  would s u g g e s t  t h a t  
t h e  lack o f  Type A/B d i f f e r e n c e s  may have been due t o  the  fact  t h a t  t h e  
task used was n o t  s u f f i c i e n t l y  d i f f i c u l t  or c h a l l e n g i n g  t o  evoke greater 
e f f o r t  i n  Type A than i n  Type B i n d i v i d u a l s .  On the  s u r f a c e ,  t h i s  
sugges t ion  might seem d i f f i c u l t  t o  a c c e p t ,  s i n c e  the radar s i m u l a t i o n  t a sk  
used here is c l e a r l y  more p e r c e p t u a l l y  complex t h a n  the t a s k s  used i n  
e i ther  of the  above two s t u d i e s .  Yet our  task,  while more v a r i e d  and 
complex than  t h e s e  o t h e r  two t a s k s ,  is n o t  e s p e c i a l l y  d i f f i c u l t  i n  i ts  
c o g n i t i v e  and p e r c e p t u a l  requirements .  It c l e a r l y  does  n o t  r e q u i r e  
cont inuous  d i f f i c u l t  d i s c r i m i n a t i o n s  as does the task employed by Warm and 
h i s  co l l eagues .  Nor was there any i n t e n t i o n  t o  i n c o r p o r a t e  . d i f f i c u l t  
d i s c r i m i n a t i o n s  i n t o  the  des ign  of  our  s imula ted  radar task, s i n c e  the 
requirement  t o  make d i f f i c u l t  judgements and d i s c r i m i n a t i o n s  is more l i k e l y  
t o  be reduced,  than  t o  be i n c r e a s e d ,  i n  t h e  more highly automated ATC 
systems of  the  f u t u r e .  
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Two r e c e n t  reviews of  t h e  l i t e r a t u r e  dealing w i t h  i n d i v i d u a l  d i f f e r e n c e  
c o r r e l a t e s  of v ig i l ance ,  performance have concluded tha t  no s i n g l e  
p e r s o n a l i t y  t r a i t ,  or combination of  traits, has y e t  been found t h a t  will 
account  for more than  a small p o r t i o n  of t h e  t o t a l  va r i ance  i n  task 
performance (Berch and Kantor,  1984; Davis and Parasuraman, 1982). 
Although Lundberg, e t  a l .  (1980) d i d  f i n d  Type A's t o  be somewhat s u p e r i o r  
t o  Type B ' s  i n  o v e r a l l  s i g n a l  d e t e c t i o n ,  i t  must be remembered tha t  Type 
A's d i d  no t  d i f fer  from Type B ' s  i n  the rate  o f  d e c l i n e  i n  s i g n a l s  detected 
( s u s t a i n e d  a t t e n t i o n )  nor  d i d  t h e  two types  show much d i f f e r e n c e  i n  their  
s u b j e c t i v e  response  t o  the  t a s k .  These f i n d i n g s ,  t aken  i n  conjunc t ion  wi th  
t h e  nega t i ve  f i n d i n g s  of both the  p r e sen t  s t udy  and the  ear l ier  one by 
Lundberg and Forsman (1979), would sugges t  t h a t  t h e  Type A behavior  p a t t e r n  
likewise accounts  for  r e l a t i v e l y  l i t t l e  of  t h e  var iance  i n  v i g i l a n c e  
performance. While t h i s  could a lso sugges t  t h a t  s e l e c t i n g  i n d i v i d u a l s  on 
the  basis of the  Type A behavior  p a t t e r n  might c o n t r i b u t e  l i t t l e  toward 
p r e d i c t i n g  performance on f u t u r e ,  h i g h l y  automated ATC monitor ing tasks, 
some c a u t i o n  should be exe rc i s ed  i n  t h i s  regard. The monitor ing t a s k  used 
i n  the  p re sen t  s t u d y ,  a l though  a r ea sonab l e  approximation of f u t u r e  ATC 
t a s k  characteristics,  cannot  t o t a l l y  s imu la t e  the  work/stress l e v e l s  o f  
o p e r a t i o n a l  environments,  nor  can i t  reasonably  be used t o  s t udy  
performance over  t h e  l ong  du ty  pe r iods  t h a t  characterize real l i f e  work 
s i t u a t i o n s .  These l i m i t a t i o n s  are n o t  unique t o  t h e  p r e sen t  s t udy ;  they  
r e p r e s e n t  common problems i n  g e n e r a l i z i n g  from l a b o r a t o r y  research t o  
o p e r a t i o n a l  s e t t i n g s .  However, because such f a c t o r s  (higher stress l e v e l s  
and longer  duty p e r i o d s )  cou ld  conceivably a l t e r  r e l a t i o n s h i p s  o f  the Type 
A p a t t e r n  t o  monitor ing performance i n  ways t h a t  are p r e s e n t l y  unknown, 
app ly ing  t h e  f i n d i n g s  of  t he  p r e sen t  s t udy  t o  f u t u r e  o p e r a t i o n a l  moni tor ing 
s i t u a t i o n s  should be made w i t h  t h i s  c au t i on  i n  mind. 
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