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A b s t r a c t

E y s e n c k ' s  (1 9 6 7 )  t h e o r y  o f  i n t r o v e r s i o n - e x t r a v e r s i o n  

p o s t u l a t e s  t h a t  b r a i n s t e m  r e t i c u l a r  a r o u s a l  d i f f e r e n c e s  a r e  

t h e  s o u r c e  o f  b e h a v i o r a l  and p e r fo rm an c e  d i f f e r e n c e s  be tween 

i n t r o v e r t s  a n d  e x t r a v e r t s .  T he  p r e s e n t  s t u d y  t e s t e d  

E y s e n c k ' s  t h e o r y  u t i l i z i n g  t h e  c o n v e r g e n t  m e a s u r e m e n t  o f  

e l e c t r o e n c e p h a l o g r a p h i c ,  p e r f o r m a n c e ,  a n d  p s y c h o m e t r i c , 

i n d i c e s  o f  a r o u s a l .  T w e l v e  i n t r o v e r t s  a n d  t w e l v e  

e x t r a v e r t s ,  c l a s s i f i e d  u s i n g  t h e  E y s e n c k  P e r s o n a l i t y  

I n v e n t o r y  e x t r a v e r s i o n  s c a l e ,  had  t h e i r  b r a i n s t e m  a u d i t o r y  

e v o k e d  r e s p o n s e s  (BAERs) m o n i t o r e d  u n d e r  t h r e e  l e v e l s  o f  

c a f f e i n e  a d m i n i s t r a t i o n  (0 .0  m g /k g ,  1 .5  m g /k g ,  and  3.0  

mg/kg)  a n d  t h r e e  l e v e l s  o f  t a s k  demand ( r e s t i n g ,  s i m p l e  

r e a c t i o n  t i m e ,  a n d  c o m p l e x  r e a c t i o n  t i m e ) .  R e s u l t s  

i n d i c a t e d  m a in  e f f e c t s  f o r  t h e  p e r s o n a l i t y ,  c a f f e i n e  and  

t a s k  m a n i p u l a t i o n s  upon  wave c o m p o n e n t s  o f  t h e  BAER and  

s p e e d  o f  r e s p o n d i n g  on t h e  r e a c t i o n  t i m e  t a s k s .  S e v e r a l  

i n t e r a c t i o n s  were a l s o  e v i d e n t  b e tw een  t h e  t h r e e  f a c t o r s  f o r  

c o m p o n e n t s  o f  t h e  BAER and  t h e  s p e e d  o f  r e s p o n d i n g  on t h e  

r e a c t i o n  t im e  t a s k s .  The u se  o f  T h ay e r ' s  (1967) A c t i v a t i o n -  

D e a c t i v a t i o n  C h e c k l i s t ,  and an in d e p e n d e n t  m easu re  o f  s e l f ­

p e r c e i v e d  bo redom  and  a r o u s a l ,  c o n f i r m e d  t h e  a r o u s a l  

i n d u c in g  p r o p e r t i e s  o f  t h e  c a f f e i n e  and t a s k  m a n i p u l a t i o n s ,  

b u t  d i d  n o t  r e v e a l  a n y  p e r s o n a l i t y  d i f f e r e n c e s  i n  

s u b j e c t i v e l y  f e l t  a r o u s a l .
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A Converging Measures  T e s t  o f  

E ysenck 's  B i o l o g i c a l l y - b a s e d  

Theory  o f  I n t r o v e r s i o n - E x t r a v e r s i o n

I n  1 9 5 7 ,  Bans  E y se n ck  p r e s e n t e d  a  b i o l o g i c a l l y - b a s e d  

m o d e l  o f  i n t r o v e r s i o n - e x t r a v e r s i o n  ( I E )  i n  w h i c h  t h e
I

b e h a v i o r a l  d i f f e r e n c e s  b e t w e e n  i n t r o v e r t s  a n d  e x t r a v e r t s  

w e r e  h y p o t h e s i z e d  t o  b e  a  f u n c t i o n  o f  i n h e r e n t  c o r t i c a l  

a r o u s a l  d i f f e r e n c e s .  A ccord ing  t o  E ysenck 's  (1957) t h e o r y ,  

i n t r o v e r t s  a r e  c h a r a c t e r i z e d  by  a t e n d e n c y  t o  d e v e l o p  

g r e a t e r  n e u r a l  e x c i t a t i o n  ( r e s u l t i n g  i n  a  h i g h  l e v e l  o f  

c o r t i c a l  a r o u s a l ) ,  a s  c o m p a r e d  t o  e x t r a v e r t s ,  who t e n d  t o  

m a n i f e s t  g r e a t e r  n e u r a l  i n h i b i t i o n  (and  t h e r e f o r e  a r e  

t y p i f i e d  by a  lo w e r  l e v e l  o f  c o r t i c a l  a r o u s a l ) .

I n  1 9 6 7 ,  E y se n ck  c o a l e s c e d  t h e  f u n c t i o n s  o f  n e u r a l  

i n h i b i t i o n  and e x c i t a t i o n  w i t h  t h e  f u n c t i o n  o f  t h e  a s c e n d in g  

r e t i c u l a r  a c t i v a t i n g  s y s t e m  (ARAS), l o c a t e d  i n  t h e  

b r a i n s t e m .  As W i l s o n  (1978) h a s  n o t e d ,  " T h i s  s t r u c t u r e  i s  

t h o u g h t  by  n e u r o p h y s i o l o g i s t s  t o  b e  r e s p o n s i b l e  f o r  

p r o d u c i n g  n o n s p e c i f i c  a r o u s a l  i n  t h e  c e r e b r a l  c o r t e x  i n  

r e s p o n s e  t o  e x t e r n a l  s t i m u l a t i o n "  (p. 299). In  i t s  p r e s e n t  

s t a t e ,  E y s e n c k ' s  (1967) t h e o r y  p o s t u l a t e s  t h a t  b e h a v i o r a l



d i f f e r e n c e s  b e t w e e n  i n t r o v e r t s  and  e x t r a v e r t s  i n  a  g i v e n  

s o c i a l  s i t u a t i o n  a r e  a  r e f l e c t i o n  o f  i n d i v i d u a l  d i f f e r e n c e s  

i n  t h e  a c t i v i t y  o f  t h e  ARAS.

The f o u n d a t i o n  o f  E y s e n c k ' s  (1967) t h e o r y  i s  t h a t  

i n t r o v e r t s  a r e  h y p o th e s iz e d  t o  have  g e n e r a l l y  h i g h e r  b a s a l  

l e v e l s  o f  a c t i v i t y  i n  t h e  ARAS, a n d  t h u s  a r e  m o re  h i g h l y  

a r o u s e d  t h a n  e x t r a v e r t s  g i v e n  s t a n d a r d  c o n d i t i o n s  o f  

s t i m u l a t i o n .  E y s e n c k ' s  t h e o r y  a l s o  i n c o r p o r a t e s  w i t h i n  i t  

H e b b 's  (1955) c o n c e p t  o f  a n  o p t i m a l  l e v e l  o f  a r o u s a l  f o r  

m ax im um  p e r f o r m a n c e .  T h u s ,  E y s e n c k  p o s t u l a t e s  t h a t  

i n t r o v e r t s  and e x t r a v e r t s  d i f f e r  i n  t h e i r  i n h e r e n t  l e v e l  o f  

b r a i n s t e m  a r o u s a l  such  t h a t  i n t r o v e r t s  have  a  r e s t i n g  l e v e l  

o f  b r a i n s t e m  a r o u s a l  t h a t  i s  " ab o ve  o p t im u m ,"  w h i l e  t h e  

r e s t i n g  l e v e l  o f  ARAS a r o u s a l  i n  e x t r a v e r t s  i s  " b e lo w  

optimum."

A c c o r d i n g  t o  E y s e n c k ,  t h e  o v e r a r o u s e d  c o n d i t i o n  o f  

i n t r o v e r t s  l e a d s  th em  t o  e x h i b i t  m ore  r e s t r a i n e d  a nd  

i n h i b i t e d  b e h a v i o r s  and t o  s e ek  s o c i a l  s i t u a t i o n s  t h a t  a r e  

n o n - a r o u s i n g  i n  an  e f f o r t  t o  dampen e x t e r n a l  s t i m u l a t i o n .  

C o n v e rse ly ,  t h e  lo w e r  i n t e r n a l  a r o u s a l  i n  e x t r a v e r t s  l e a d s  

th e m  t o  e x h i b i t  more  u n r e s t r a i n e d  an d  i m p u l s i v e  b e h a v i o r s  

and t o  seek  s o c i a l  s i t u a t i o n s  t h a t  a r e  more h i g h l y  a r o u s i n g  

i n  a n  e f f o r t  t o  i n c r e a s e  e x t e r n a l  s t i m u l a t i o n .  A g a i n ,  t h e  

b e h a v i o r  o f  b o t h  e x t r e m e  p e r s o n a l i t y  g r o u p s  i s  m e r e l y  t h e  

r e s u l t  o f  t h e i r  a t t e m p t s  t o  m a i n t a i n  a n  " o p t i m a l "  l e v e l  o f  

a r o u s a l .



s i n c e  i t s  f o r m u l a t i o n ,  a  v i r t u a l  p l e t h o r a  o f  

r e s e a r c h e r s  h a s  a t t e m p t e d  t o  t e s t  E y s e n c k ' s  t h e o r y  o f  IE —  

w i t h  v a r y i n g  d e g r e e s  o f  s u c c e s s .  Among t h e  n u m e ro u s  

i n v e s t i g a t i o n s  o f  E y s e n c k ' s  t h e o r y ,  s e v e r a l  s t u d i e s  h a v e  

e m p lo y e d  p s y c h o p h y s i o l o g i c a l  m e a s u r e s ,  s u c h  a s  h e a r t r a t e ,  

e l e c t r o d e r m a l ,  and e l e c t r o e n c e p h a l o g r a p h i c  (EEG) a c t i v i t y ,  

i n  a n  a t t e m p t  t o  m o r e  d i r e c t l y  a s s e s s  a r o u s a l  l e v e l  

d i f f e r e n c e s  b e t w e e n  i n t r o v e r t s  a n d  e x t r a v e r t s .  

U n f o r t u n a t e l y ,  w h i l e  many o f  t h e s e  s t u d i e s  do s u p p o r t  

E y s e n c k ' s  p r o p o s i t i o n s ^  t h e  c u m u l a t i v e  r e s u l t s  a r e  by no 

m e a n s  c o n c l u s i v e .  S o m e  s t u d i e s  u s i n g  t h e s e  

p s y c h o p h y s i o l o g i c a l  m e a s u r e s  r e p o r t  no d i f f e r e n c e s  i n  

a r o u s a l  b e t w e e n  i n t r o v e r t s  a n d  e x t r a v e r t s ,  and  some e v en  

r e p o r t  e x t r a v e r t s  a s  b e i n g  m ore  a r o u s e d  t h a n  i n t r o v e r t s .  

(See G a le ,  1973, 1981, 1983; G i l l i l a n d ,  1981; S te lm a c k ,  1981 

f o r  r ev ie w s . )

T h e r e  a r e  a t  l e a s t  tw o  r e a s o n s  f o r  t h e  f a i l u r e  o f  t h e s e  

s t u d i e s  t o  r e a c h  a  c o n s e n s u s  c o n c e r n i n g  IE  a r o u s a l  

d i f f e r e n c e s .  F i r s t ,  t h e  dependen t  m easu res  c i t e d  above do 

n o t  o f f e r  a  d i r e c t  m easu re  o f  t h e  f o u n d a t i o n a l  h y p o t h e s i s  o f  

E y s e n c k ' s  (1967) t h e o r y ;  t h a t  i s ,  t h e y  m e a s u r e  p e r i p h e r a l  

i n d i c e s  o f  a r o u s a l  m echan ism s,  b u t  n o t  a r o u s a l  a t  t h e  l e v e l  

o f  t h e  ARAS. A s e c o n d  r e a s o n  f o r  t h e  m a s s i v e  body o f  

a m p h i b o l i c  r e s u l t s  l i e s  i n  t h e  f a c t  t h a t  t h e s e  

p s y c h o p h y s i o l o g i c a l  m easu re s  a r e  a l l  p ro fo u n d ly  i n f l u e n c e d  

by f a c t o r s  w h ic h  a r e  e x t e r n a l  t o  t h e  s u b j e c t ,  i . e . ,  t h e



a r o u s a l  in d u c in g  p r o p e r t i e s  o f  t h e  e x p e r i m e n t a l  s i t u a t i o n .  

R e c e n t  r e v i e w s  o f  t h e  IE l i t e r a t u r e  h a v e  i n  f a c t  i m p o s e d  

some d e g r e e  o f  o r d e r  on t h e  c o n f u s i o n  o f  e x p e r i m e n t a l  

o u t c o m e s  s i m p l y  by  p o s t  h o c  s t r a t i f i c a t i o n  o f  t h e  s t u d i e s  

a c c o rd in g  t o  t h e  a r o u s a l  in d u c in g  p r o p e r t i e s  o f  t h e  t e s t i n g  

s i t u a t i o n  ( s e e  G a l e , . 1 9 7 3 ,  1 9 8 1 ,  19 8 3 ;  G i l l i l a n d ,  1981 ;  

S te lm a c k ,  1981).

Xh£L Brainstem Auditory. Eyoked. Response
R e c e n t ly ,  a  new p s y c h o p h y s i o l o g ic a l  t e c h n i q u e  h a s  been 

d e v e l o p e d  w h i c h  may c i r c u m v e n t  m any  o f  t h e  p r o b l e m s  

a s s o c i a t e d  w i t h  t h e  m easu res  o f  p h y s i o l o g i c a l  a r o u s a l  n o te d  

above.  T h is  new t e c h n iq u e  i s  t h e  b r a i n s t e m  a u d i t o r y  evoked 

r e s p o n s e  (BAER) a n d  i t  o f f e r s  a  p o t e n t i a l  s o l u t i o n  t o  t h e  

p r o b l e m  o f  m ore  d i r e c t l y  m e a s u r i n g  b r a i n s t e m  a r o u s a l  

d i f f e r e n c e s  i n  i n t r o v e r t s  and e x t r a v e r t s .

The BAER i s  a n  EEG t e c h n i q u e  t h a t  m e a s u r e s  a c t i v i t y  

a l o n g  t h e  b r a i n s t e m  a u d i t o r y  p a t h w a y  ( J e w e t t ,  Romano, & 

W i l l i s t o n ,  1 9 7 0 ) .  The BAER i s  a  r e m a r k a b l y  d i s t i n c t  and  

r e l i a b l e  s e r i e s  o f  sev en  p o s i t i v e  waves which o c c u r  i n  t h e  

f i r s t  10 m sec  o f  a u d i t o r y  n e u r a l  p r o c e s s i n g  f o l l o w i n g  a 

b r i e f  a u d i t o r y  s t i m u l u s  (a c l i c k  o r  t o n e  p i p ) . The BAER i s  

s i m i l a r  t o  t h e  c o r t i c a l  e v o k e d  r e s p o n s e  i n  t h a t  i t  i s  

com puter  ave rag e d  ov e r  many t r i a l s  and i s  t i m e - l o c k e d  t o  t h e  

s t i m u l u s .  U n l ike  t h e  c o r t i c a l  evoked r e s p o n s e ,  t h e  BAER h as  

been r e p o r t e d  t o  be s t a b l e  d u r i n g  f l u c t u a t i o n s  i n  s u b j e c t i v e  

a r o u s a l  and  e n v i r o n m e n t a l  c o n d i t i o n s  (Amadeo & S h a g a s s ,



1973 ;  J e w e t t  & W i l l i s t o n ,  1 97 1 ;  M e n d e l  & G o l d s t e i n ,  1969 ,  

1 9 7 1 ;  P i c t o n  & H i l l y a r d ,  1 9 7 4 ) ,  a l t h o u g h  s o m e  r e c e n t  

i n v e s t i g a t i o n s  h a v e  q u e s t i o n e d  t h e  " i m m u t a b i l i t y "  o f  t h e  

BAER t o  s i t u a t i o n a l  a t t e n t i o n  m a n i p u l a t i o n s  ( s e e  B u l l o c k ,  

1983 ;  L u c a s ,  1 9 8 2 ) .

The BAER " f a r - f i e l d "  p o t e n t i a l  r e f l e c t s  s e q u e n t i a l  

e l e c t r i c a l  e v e n t s  a t  s u c c e s s i v e l y  h i g h e r  l e v e l s  o f  t h e  

b r a i n s t e m  a u d i t o r y  pa thw ay ,  a  pa th w ay  which h a s  c o l l a t e r a l  

i n p u t  i n t o  t h e  r e t i c u l a r  f o r m a t i o n — a lo n g  w i th  o t h e r  s e n s o r y  

s y s t e m s  ( B r o d a i ,  1 9 5 7 ;  Thompson,  1 9 6 7 ,  c i t e d  i n  C o r c o r a n ,  

1 9 8 1 ) .  E a c h  o f  t h e  s e v e n  w a v e  p e a k s  o f  t h e  BAER i s  

h y p o t h e s i z e d  t o  r e f l e c t  a c t i v i t y  a t  a  s p e c i f i c  b r a i n s t e m  

s t r u c t u r e .  The p o s t u l a t e d  g e n e r a t o r s  o f  wave I  th ro u g h  VII  

a r e ,  r e s p e c t i v e l y ,  t h e  a c o u s t i c  n e r v e ,  c o c h l e a r  n u c l e i ,  

s u p e r i o r  o l i v e s ,  l a t e r a l  l e m n i s c u s ,  i n f e r i o r  c o l l i c u l u s ,  

m e d ia l  g e n i c u l a t e ,  and t h a l a m o - c o r t i c a l  r a d i a t i o n s  (S tockard  

& R o s s i t e r ,  1977).

The i m p o r t a n c e  o f  b e i n g  a b l e  t o  m o n i t o r  b r a i n s t e m  

a c t i v i t y  i s  s e l f - e v i d e n t  g i v e n  E y s e n c k ' s  (1967) h y p o t h e s i s  

t h a t  a r o u s a l  d i f f e r e n c e s  i n  i n t r o v e r t s  and  e x t r a v e r t s  a r e  

b a s e d  on  b r a i n s t e m  ARAS a c t i v a t i o n  d i f f e r e n c e s .  By 

i m p l i c a t i o n ,  i f  t h e r e  r e a l l y  a r e  d i f f e r e n c e s  i n  b r a i n s t e m  

a r o u s a l  be tw een  i n t r o v e r t s  and e x t r a v e r t s ,  t h e s e  sh o u ld  be 

r e f l e c t e d  i n  d i f f e r e n t  t r a n s m i s s i o n  t im e s  ( i . e . ,  d i f f e r e n t  

l a t e n c i e s  be tw een  peaks  o f  t h e  BAER waveform) and d i f f e r e n t  

a m p l i tu d e s  o f  t h e  BAER wavepeaks ,  g iv e n  p a r t i c u l a r  s t i m u l u s



p a r a m e t e r s .  Of p a r t i c u l a r  i n t e r e s t  a r e  t h o s e  n e u r a l  

s t r u c t u r e s  a lo n g  t h e  a u d i t o r y  pa thw ay  which a r e  c e n t r a l  t o  

t h e  ARAS ( i . e . ,  t h e  l a t e r a l  l e m n i s c u s  (wave IV) a n d  t h e  

i n f e r i o r  c o l l i c u l u s  (wave V),  s i n c e  e x p l o r a t i o n  o f  EEG 

a c t i v i t y  a t  t h i s  l e v e l  o f  t h e  BAER may p r o v i d e  a  m ore  d i r e c t  

t e s t  o f  Eysenck 's  fu n d am e n ta l  p o s t u l a t e .

Research rh I£  and hha baer

The r e l a t i o n s h i p  o f  t h e  BAER an d  IE h a s  b e e n  e x p l o r e d  

i n  r e c e n t  i n v e s t i g a t i o n s  by s e v e r a l  a u t h o r s .  Andress  (1981) 

h a s  r e p o r t e d  t h a t  a t  a  c l i c k  i n t e n s i t y  o f  80 dB (SL) , b u t  

n o t  a t  l o w e r  i n t e n s i t i e s ,  i n t r o v e r t s  e v i d e n c e  s h o r t e r  

l a t e n c y  and  i n c r e a s e d  a m p l i t u d e  o f  wave V, a s  w e l l  a s  

d e c r e a s e d  c o n d u c t i o n  t i m e  (CT) b e t w e e n  w a v e s  I - V ,  a s  

c o m p a r e d  t o  e x t r a v e r t s .  A n d r e s s  (1 9 8 1 )  c a u t i o u s l y  

i n t e r p r e t e d  h e r  f i n d i n g s  a s  e v i d e n c e  t h a t  i n t r o v e r t s  

m a n i f e s t  g r e a t e r  n e u r a l  e x c i t a t o r y  p r o c e s s e s  t h a n  

e x t r a v e r t s ,  a n d  t h e r e f o r e  a s  s u p p o r t i v e  f o r  E y s e n c k ' s  

a r o u s a l - b a s e d  t h e o r y .  However, i t  r em a in s  u n c l e a r  why t h e  

e f f e c t  o b t a i n e d  by A n d r e s s  was n o t  p r e s e n t  a t  c l i c k  l e v e l s  

l o w e r  t h a n  80 dB (SL) , p a r t i c u l a r l y  g i v e n  t h a t  i n t r o v e r t s  

a r e  t y p i c a l l y  f o u n d  t o  be  more  s e n s i t i v e  t o  lo w  l e v e l  

a u d i t o r y  s t i m u l a t i o n  t h a n  e x t r a v e r t s  (see  Eysenck,  1967).

I n  a  s t u d y  v e r y  s i m i l a r  t o  t h a t  o f  A n d r e s s  (1 9 8 1 ) ,
•f It

Cam pbell ,  B a r ib e au -B ra u n ,  and Braun (1981) d id  n o t  f i n d  any 

BAER l a t e n c y  o r  a m p l i tu d e  d i f f e r e n c e s  be tween  i n t r o v e r t s  and 

e x t r a v e r t s  w hen  i n t e n s i t y  o r  r a t e  o f  t h e  c l i c k s  w as



m a n i p u l a t e d .  N o ta b ly ,  t h e  s t u d y  by Campbell  e t  a l .  d i d  n o t  

u s e  c l i c k  i n t e n s i t i e s  a b o v e  70 dB, so  t h e i r  n u l l  f i n d i n g s  

c a n n o t  be t a k e n  a s  c o n t r a d i c t o r y  e v id e n ce .

I n  a  r e c e n t  s t u d y  by  S t e l m a c k  a n d  W i l s o n  ( 1 9 8 3 ) ,  

i n t r o v e r t s  w ere  a g a i n  found  t o  d i s p l a y  s h o r t e r  l a t e n c y  f o r  

wave V t h a n  e x t r a v e r t s  t o  h ig h  f r e q u e n c y ,  80 dB t o n e  b u r s t s  

and t o  c l i c k  s t i m u l i  which  r a n g e d  f rom 55-85 dB (SPL). T h is  

f i n d i n g  i s  v e r y  much i n  l i n e  w i t h  t h e  r e p o r t  by  A n d r e s s  

(1981)  o f  d e c r e a s e d  l a t e n c y  o f  wave V f o r  i n t r o v e r t s  a t  

h i g h e r  i n t e n s i t y  l e v e l s .  However,  S te lm ack  and W ilson  d i d  

n o t  r e p l i c a t e  A n d r e s s '  f i n d i n g  o f  d e c r e a s e d  i n t e r p e a k -  

l a t e n c y  b e t w e e n  w a v e s  I  a n d  V f o r  i n t r o v e r t s  a t  h i g h e r  

i n t e n s i t y  l e v e l s .  S t e l m a c k  a n d  W i l s o n  s u g g e s t  t h a t ,  "The 

a b s e n c e  o f  d i f f e r e n c e s  i n  i n t e r p e a k  l a t e n c y ,  o r  c e n t r a l  

t r a n s m i s s i o n  t i m e ,  c e n t r e  t h e  e f f e c t s  on wave I . ” S te lm ack  

and W ilso n  (1983) f u r t h e r  p o s t u l a t e  t h a t  n e u r o p h y s i o l o g i c a l  

d i f f e r e n c e s  be tw een  i n t r o v e r t s  and e x t r a v e r t s  may be "more 

f u n d a m e n t a l  t h a n  i s  p r e s e n t l y  s u p p o s e d "  s u c h  t h a t  " t h e  

d e v e l o p m e n t  o f  t h e  n e u r o p h y s i o l o g i c a l  b a s i s  o f  i n d i v i d u a l  

d i f f e r e n c e s  i n  e x t r a v e r s i o n  which  p r e s e n t l y  f o c u s s e s  ( s i c )  

on d i f f e r e n c e s  i n  c o r t i c o - r e t i c u l a r  a r o u s a l  s y s t e m s ,  (may 

n e e d ]  t o  a c c o m m o d a te  d i f f e r e n c e s  i n  a x o n a l  o r  s y n a p t i c  

t r a n s m i s s i o n "  (p. 14) .

A s tu d y  by B u l lo c k ,  G i l l i l a n d ,  and Kujawski  (1982) h as  

a l s o  r e p o r t e d  IE d i f f e r e n c e s  i n  t h e  BAER. At  a  c l i c k  

i n t e n s i t y  o f  70 dB (SL) no IE  d i f f e r e n c e s  w e r e  o b s e r v e d ;
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however ,  a t  a  c l i c k  i n t e n s i t y  l e v e l  o f  90 dB (SL) e x t r a v e r t s  

showed s i g n i f i c a n t l y  l a r g e r  a m p l i t u d e s  f o r  wave V—p o i n t i n g  

t o w a r d  p o s s i b l e  t r a n s m a r g i n a l  i n h i b i t i o n  e f f e c t s  i n  t h e  

i n t r o v e r t s  a t  t h i s  v e r y  h i g h  i n t e n s i t y  l e v e l .  

( T r a n s m a r g i n a l  i n h i b i t i o n  i s  a  t e r m  E y s e n c k  b o r r o w s  f r o m  

P a v l o v i a n  c o n d i t i o n i n g  t h e o r y  w h i c h  r e f e r s  t o  t h e  

r e c r u i t m e n t  o f  p r o t e c t i v e  n e u r a l  i n h i b i t o r y  p r o c e s s e s  i n  

s i t u a t i o n s  o f  ex t re m e  a r o u s a l  o r  o v e r s t i m u l a t i o n  o f  s e n s o r y  

pa thways.)  B u l lo c k  e t  a l .  (1982) a l s o  c o n f i rm e d  t h e  f i n d i n g  

by b o t h  A n d r e s s  (1981) a nd  S t e l m a c k  and  W i l s o n  (1983)  o f  

l o n g e r  wave V l a t e n c y  i n  e x t r a v e r t s ,  a s  w e l l  a s  t h e  f i n d i n g  

by Andress  (1981) o f  d e c r e a s e d  CT be tw een  waves I  and V f o r  

i n t r o v e r t s .

F i n a l l y ,  a  r e c e n t  s t u d y  by B u l lo ck  (1983) examined t h e  

i n t e r a c t i v e  r e l a t i o n s h i p  o f  a g e ,  IE ,  and s i t u a t i o n a l  a r o u s a l  

on t h e  BAER. T h i s  s t u d y ,  w h i c h  i n c l u d e d  m i d d l e - a g e d  a nd  

e l d e r l y  a d u l t s  a s  w e l l  a s  t h e  more  t y p i c a l  young  a d u l t ,  

c a l l e d  i n t o  q u e s t i o n  t h e  r e p o r t e d  s t a b i l i t y  o f  t h e  BAER t o  

v a r i a t i o n s  i n  s i t u a t i o n a l  a r o u s a l .  I n  t h i s  s t u d y ,  a  m a in  

e f f e c t  was found  f o r  a  s i t u a t i o n a l  a t t e n t i o n  t a s k  such  t h a t  

t h e  BAER r e c o r d e d  d u r i n g  a c o m p le x  v i g i l a n c e  t a s k  was 

a s s o c i a t e d  w i t h  i n c r e a s e s  i n  t h e  l a t e n c y  o f  wave I  and wave 

V a c r o s s  a l l  a g e  g r o u p s ,  a s  c o m p a r e d  t o  a  c o n d i t i o n  w h e r e  

t h e  s u b j e c t s  w e r e  r e s t i n g  q u i e t l y  w i t h  e y e s  c l o s e d .  

A l th o u g h  no m a in  e f f e c t s  f o r  IE w e re  f o u n d ,  t h e  r e s u l t s  o f  

t h i s  s t u d y  a l s o  r e v e a l e d  c o m p le x  i n t e r a c t i o n s  b e t w e e n  t h e



a g e ,  p e r s o n a l i t y ,  and s i t u a t i o n a l  a r o u s a l  f a c t o r s .

To d a t e ,  t h e  roost comroonly r e p o r t e d  f i n d i n g  c o n c e rn in g  

IE  d i f f e r e n c e s  on t h e  BAER h a s  b e e n  d e c r e a s e d  l a t e n c y  f o r  

wave V i n  i n t r o v e r t s  a s  co ro p a red  t o  e x t r a v e r t s .  As n o t e d  

e a r l i e r ,  S te lroack and W ilson  (1983) a t t r i b u t e  t h i s  f i n d i n g  

t o  s e n s i t i v i t y  d i f f e r e n c e s  b e tw een  i n t r o v e r t s  and e x t r a v e r t s  

a t  t h e  l e v e l  o f  t h e  a c o u s t i c  n e r v e ,  a l t h o u g h  t h e y  do n o t  

e x p l a i n  why t h i s  p e r i p h e r a l  s e n s i t i v i t y  d i f f e r e n c e  i s  

r o a n i f e s t e d  o n l y  a t  r e l a t i v e l y  h i g h  l e v e l s  o f  a u d i t o r y  

s t i r o u l a t i o n .  By c o n t r a s t ,  t h e  r e s u l t s  o f  t h e  Andress  (1981) 

a n d  B u l l o c k  e t  a l .  (1982)  s t u d i e s  s u p p o r t  c e n t r a l  ARAS 

a r o u s a l  d i f f e r e n c e s ,  a s  t h e y  have r e p o r t e d  d e c r e a s e d  CT from 

wave I -V  i n  i n t r o v e r t s ,  a s  w e l l  a s  d e c r e a s e s  i n  t h e  a b s o l u t e  

l a t e n c y  o f  wave V. The r e s u l t s  o f  t h e s e  l a s t  tw o  s t u d i e s  

s u g g e s t  a c o n t i n u e d  f o c u s  on c e n t r a l  b r a i n s t e m  a r o u s a l  

d i f f e r e n c e s  be tween  i n t r o v e r t s  and e x t r a v e r t s  ( p a r t i c u l a r l y  

a t  t h e  l e v e l  o f  wave V— t h e  i n f e r i o r  c o l l i c u l u s ) ,  a s  w e l l  a s  

more p e r i p h e r a l  s e n s i t i v i t y  d i f f e r e n c e s .

In  summary, t h e  BAER h o l d s  a s  a  v e ry  p r o m is in g  t o o l  i n  

t h e  v e r i f i c a t i o n  and e x p l i c a t i o n  o f  h y p o t h e s i z e d  b r a i n s t e m  

a r o u s a l  d i f f e r e n c e s  b e t w e e n  i n t r o v e r t s  a nd  e x t r a v e r t s .  

However, a l t h o u g h  i t  a p p e a r s  t h a t  a m e t h o d o l o g ic a l  t h r e s h o l d  

may h a v e  b e e n  b r e a c h e d  i n  t e r m s  o f  a  m ore  d i r e c t  a c c e s s  

m easure  o f  b r a i n s t e m  ARAS a c t i v i t y ,  t h e r e  r e m a in s  t h e  more 

t e d i o u s  j o b  o f  e l u c i d a t i n g  t h e  m e a n in g  and  t h e o r e t i c a l  

i m p l i c a t i o n  o f  t h e s e  r e s u l t s .  As n o t e d  e a r l i e r ,  s t u d i e s  by
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B u l l o c k  (1983) and  L u c u s  (1982) h a v e  c a l l e d  i n t o  q u e s t i o n  

t h e  r e p o r t e d  i m m u t a b i l i t y  o f  t h e  BAER t o  s i t u a t i o n a l  

a t t e n t i o n  f a c t o r s .  G iv e n  t h a t  i n t r o v e r t s  and  e x t r a v e r t s  

show r e l a t i v e l y  c o n s i s t e n t  p e r fo rm a n c e  d i f f e r e n c e s  on such 

t a s k s  a s  s i m p l e  v i g i l a n c e  a n d  r e a c t i o n  t i m e ,  t h e  

d e m o n s t r a t i o n  o f  a n  i n t e r a c t i o n  b e t w e e n  IE and  d i f f i c u l t y  

l e v e l  on a  p e r fo rm an c e  t a s k  which p a r a l l e l s  changes  i n  t h e  

BAER would l e n d  s i g n i f i c a n t  s u p p o r t  t o  E y senck 's  fu n d a m e n ta l  

h y p o t h e s i s  o f  b e h a v i o r a l  d i f f e r e n c e s  b e tw ee n  i n t r o v e r t s  and 

e x t r a v e r t s  b e i n g  a  f u n c t i o n  o f .  b r a i n s t e m  a r o u s a l  

d i f f e r e n c e s .

Research 2H IS. and. Reaction Time Tasks
I n  g e n e r a l ,  t h e  r e l a t i o n s h i p  b e t w e e n  IE and  r e a c t i o n

t im e  (RT) p e rfo rm an c e  h a s  been  found t o  be h i g h l y  dependen t

upon t h e  e x a c t  p a r a m e t e r s  o f  t h e  e x p e r i m e n t a l  p a r a d i g m .

N o n e t h e l e s s ,  t h o s e  s t u d i e s  w h i c h  h a v e  e x a m i n e d  RT

d i f f e r e n c e s  b e t w e e n  i n t r o v e r t s  and  e x t r a v e r t s  e v i d e n c e  a

re m a rk a b le  c o n s i s t e n c y ,% h a a  t h e y  a r e  s t r a t i f i e d  a c c o rd in g  t o

th e  a r o u s a l  i n d u c in g  p r o p e r t i e s  o f  t h e  e x p e r i m e n t a l  m i l i e u .

For  e x a m p l e ,  B u ck a lew  (1973)  h a s  r e p o r t e d  t h a t  i n  a s i m p l e

RT t a s k  o f  r e l a t i v e l y  s h o r t  d u r a t i o n  (20 m i n u t e s ) , where  t h e

i n t e r t r i a l  i n t e r v a l  ( I T I )  was  r e l a t i v e l y  s h o r t  (5 s e c ) ,

e x t r a v e r t s  h a v e  f a s t e r  RTs t h a n  i n t r o v e r t s .  S i m i l a r l y ,  
$

T h a c k r a y ,  J o n e s ,  and  T o u c h s t o n e  (1974) h a v e  r e p o r t e d  t h a t  

o v e r  t h e  c o u r s e  o f  a 40 m i n u t e  c h o i c e  RT t a s k  e x t r a v e r t s  

o u t p e r f o r m e d  i n t r o v e r t s  d u r i n g  t h e  f i r s t  20 m i n u t e s ,  b u t
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p e r fo rm e d  more p o o r l y  ( i . e . ,  s l o w e r  RTs) d u r in g  t h e  l a s t  20 

m i n u t e s ,  l e a d i n g  t o  a  s i g n i f i c a n t  i n t e r a c t i o n  be tw een  IE and 

t i m e - o n - t a s k  f o r  RT p e r fo rm a n c e .

The f i n d i n g  t h a t  t i m e - o n - t a s k  i s  a  c r u c i a l  f a c t o r  i n  

p r o d u c in g  IE d i f f e r e n c e s  on RT p e r f o r m a n c e  i s  g iv e n  f u r t h e r  

s u p p o r t  by  B r e b n e r  a n d  C oope r  ( 1 9 7 4 ) .  I n  t h i s  s t u d y ,  

e x t r a v e r t s  were  found  t o  have s i g n i f i c a n t l y  l o n g e r  RTs t h a n  

i n t r o v e r t s  i n  t h e  l a s t  h a l f  o f  a  45 m i n u t e  t i m e  p e r i o d ,  

w h i l e  no s i g n i f i c a n t  d i f f e r e n c e s  w e re  found  be tw een  t h e  two 

p e r s o n a l i t y  g r o u p s  i n  t h e  f i r s t  h a l f  o f  t h e  45 m i n u t e  t i m e  

p e r i o d .  N o t a b l y ,  t h e  I T I  f o r  t h i s  s t u d y  was  18 s e c o n d s ,  

making i t  com parab le  t o  many s t u d i e s  which  have  d e m o n s t r a t e d  

IE p e r f o r m a n c e  d i f f e r e n c e s  on s i m p l e  v i g i l a n c e  t a s k s .  I n  

t h i s  r e g a r d ,  B r e b n e r  a n d  C o o p e r  ( 1 9 7 4 )  r e p o r t e d  t h a t  

e x t r a v e r t s  p r o d u c e d  a  s i g n i f i c a n t l y  h i g h e r  p r o p o r t i o n  o f  

m i s s e d  s i g n a l s  t h a n  i n t r o v e r t s  o v e r  t h e  c o u r s e  o f  t h e  45 

m i n u t e  t e s t i n g  p e r i o d .  The  f i n d i n g  c o n c u r s  w i t h  t h e  

l i t e r a t u r e  on IE a n d  s i m p l e  v i g i l a n c e  p e r f o r m a n c e  ( s e e  

Bakan, B e l t o n ,  & T o th ,  1963; C l a r i d g e ,  1960).

From t h e  r e s u l t s  o f  t h e i r  own a nd  e a r l i e r  s t u d i e s ,  

B rebner  and Cooper (1974) have d e v e lo p e d  a  s i m p l i f i e d  model 

o f  IE i n  which e x t r a v e r t s  a r e  h y p o t h e s i z e d  t o  be "gea red  t o  

r e s p o n d "  t o  e n v i r o n m e n t a l  s t i m u l i ,  w h i l e  i n t r o v e r t s  a r e  

h y p o t h e s i z e d  t o  be " g ea red  t o  i n s p e c t "  e n v i r o n m e n ta l  s t i m u l i  

(see  a l s o  B rebner  & Cooper,  1978). A l though  t h i s  s i m p l i f i e d  

model  h a s  r e c e n t l y  been  c h a l l e n g e d  a s  i n a d e q u a t e  t o  e x p l a i n
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t h e  c o m p le x  b e h a v i o r a l / b i o l o g i c a l  d i f f e r e n c e s  b e t w e e n  

i n t r o v e r t s  and  e x t r a v e r t s  ( P a i s e y  & Mangan,  1 9 8 3 ) ,  i t  h a s  

n e v e r t h e l e s s  r e c e i v e d  f u r t h e r  s u p p o r t  by a  s t u d y  c o m p le te d  

by B r e b n e r  a nd  F l a v e l  (1 97 8 ) .  I n  t h i s  s t u d y ,  e x t r a v e r t s  

were  found  t o  make more e r r o r s  o f  com m iss ion  t h a n  i n t r o v e r t s  

i n  a  s i m p le  v i s u a l  RT parad igm  which  i n c l u d e d  " c a t c h  t r i a l s "  

d u r i n g  w h ic h  t h e  s u b j e c t  h a d  t o  r e f r a i n  f r o m  m a k in g  t h e  RT 

r e s p o n s e .  T h is  s t u d y  a l s o  r e p o r t e d  t h a t  when t h e  p r o p o r t i o n  

o f  c a t c h  t r i a l s  was  low  (10%), t h e  e x t r a v e r t e d  s u b j e c t s  

m a n i f e s t e d  s i g n i f i c a n t l y  d e c r e a s e d  RTs a s  c o m p a r e d  t o  t h e  

i n t r o v e r t s .  The t i m e - o n - t a s k  i n  t h i s  s t u d y  was 7.5 m in u t e s  

f o r  e a c h  o f  3 b l o c k s  o f  t r i a l s  a nd  t h e  I T I  was  2.3 s e c o n d s .  

Thus,  t h e  f i n d i n g  under  t h e s e  e x p e r i m e n t a l  p a r a m e t e r s  t h a t  

e x t r a v e r t s  had f a s t e r  RTs th a n  i n t r o v e r t s  c o r r o b o r a t e s  t h e  

r e s u l t s  r e p o r t e d  by  B u c k a lew  (1973) a n d  T h a c k r a y  e t  a l .  

( 1 9 7 4 ) .

A s tu d y  by G i l l i l a n d  and Bracy  (1979) h as  examined t h e  

d i f f e r e n t i a l  p e r fo rm an c e  o f  e x t r a v e r t s  and i n t r o v e r t s  i n  a  

s i m p l e  v i s u a l  RT t a s k  b e f o r e ,  d u r i n g ,  and  a f t e r  a p e r i o d i c  

n o i s e .  Each o f  t h e s e  t h r e e  s e s s i o n s  l a s t e d  7 m in u te s  f o r  a  

t o t a l  t i m e - o n - t a s k  o f  21 m in u te s .  ( ITI  i s  n o t  m en t ioned  i n  

t h i s  b r i e f  r e p o r t . )  The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e d  t h a t  

a " c a f e t e r i a  t y p e "  n o i s e  d e l i v e r e d  a t  80 dB SPL h a d  a 

d i s r u p t i v e  e f f e c t  on t h e  RT p e r fo rm an c e  o f  b o th  p e r s o n a l i t y  

g r o u p s ,  i . e . ,  i n c r e a s e d  RT. G i l l i l a n d  a n d  B r a c y  a l s o  f o u n d  

t h a t  t h e  d e t r i m e n t a l  e f f e c t s  o f  t h e  n o i s e  c o n t in u e d  f o r  t h e
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e x t r a v e r t s  even d u r in g  t h e  l a s t  7 m in u te  s e s s i o n  when t h e r e  

was no n o i s e ,  w h i l e  t h e  i n t r o v e r t s '  RT p e r fo rm a n c e  r e t u r n e d  

t o  a  l e v e l  c o m p a r a b l e  t o  a  "no n o i s e "  i n t r o v e r t e d  c o n t r o l  

g roup .  Of p a r t i c u l a r  i n t e r e s t  was t h e  f i n d i n g  t h a t  b o th  t h e  

e x t r a v e r t  " n o i s e "  g r o u p  and  t h e  "no n o i s e "  e x t r a v e r t  g r o u p  

h a d  mean RTs w h ic h  w e r e  l o n g e r  t h a n  t h e i r  i n t r o v e r t e d  

c o u n t e r p a r t s  o v e r  t h e  c o u r s e  o f  t h e  21 m i n u t e  RT t a s k  and  

a l s o  d u r i n g  e a c h  o f  t h e  7 m i n u t e  s e s s i o n s .  G i l l i l a n d  and  

B t a c y  s u g g e s t  t h a t  t h i s  l a s t  r e s u l t  was  a  f u n c t i o n  o f  t h e  

g r e a t e r  s u s c e p t i b i l i t y  o f  t h e  e x t r a v e r t s  t o  t h e  boredom o f  

t h e  t a s k .

F i n a l l y ,  a  s t u d y  by Keuss & O r lebeke  (1977) examined 

t h e  r e l a t i o n s h i p  b e tw een  IE n e u r o t i c i s m  and t r a n s m a r g i n a l  

i n h i b i t i o n  i n  a n  a u d i t o r y  c h o i c e  RT t a s k .  To i n d u c e  

t r a n s m a r g i n a l  i n h i b i t i o n ,  t h e  i n t e n s i t y  o f  t h e  s t i m u l u s  

t o n e s  ( e i t h e r  500 o r  3000 H z) ,  w e r e  v a r i e d  f r o m  50 t o  105 

dB. The IS I  i n  t h i s  s t u d y  was 8.5 seconds  and t i m e - o n - t a s k  

was under  20 m in u te s .  There  were  t h r e e  s i g n i f i c a n t  f i n d i n g s  

i n  t h i s  s t u d y .  F i r s t ,  i t  was f o u n d  t h a t  s u b j e c t s  who w e r e  

h ig h  on b o th  e x t r a v e r s i o n  and n e u r o t i c i s m  had s i g n i f i c a n t l y  

f a s t e r  RTs t h a n  a n y  o t h e r  c o m b i n a t i o n  o f  t h e  e x t r a v e r s i o n  

a n d  n e u r o t i c i s m  f a c t o r s .  H o w e v e r ,  t h e  h i g h  

e x t r a v e r s i o n / h i g h  n e u r o t i c i s m  s u b j e c t s  a l s o  p r o d u c e d  more  

e r r o r s  o f  comm ission  r e m i n i s c e n t  o f  t h e  B rebner  and F l a v e l  

. (1978) s t u d y .  S eco nd ly ,  t r a n s m a r g i n a l  i n h i b i t i o n ,  which was 

o p e r a t i o n a l l y  d e f i n e d  a s  i n c r e a s e d  RT re sp o n d in g  a t  h i g h e r
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s t i m u l u s  i n t e n s i t i e s ,  was  fo u n d  o n l y  f o r  t h e  3000 Hz t o n e .  

Keuss and  O r lebeke  a t t r i b u t e  t h i s  r e s u l t  t o  t h e  d i f f e r e n c e  

i n  t h e  s u b j e c t i v e  l o u d n e s s  o f  t h e  1000 a n d  3000 Hz t o n e s .  

F i n a l l y ,  w i t h  r e g a r d  t o  p e r s o n a l i t y  d i f f e r e n c e s  i n  t h e  

r e c r u i t m e n t  o f  t r a n s m i s s i o n  i n h i b i t i o n ,  Keuss and O r lebeke  

r e p o r t e d  t h a t  f o r  t h e  3000 Hz t o n e ,  i n t r o v e r t s  h a d  an  

e a r l i e r  t u r n i n g  p o i n t  i n  t h e i r  R T / i n t e n s i t y  c u r v e  t h a n  

e x t r a v e r t s —p o i n t i n g  t o  t h e  r e c r u i t m e n t  o f  p r o t e c t i v e  n e u r a l  

i n h i b i t i o n  a t  l o w e r  l e v e l s  o f  e n v i r o n m e n t a l  s t i m u l a t i o n  f o r  

t h e  i n t r o v e r t s .

To s u m m a r i z e  t h e  a v a i l a b l e  r e s e a r c h  on  IE  a n d  RT 

p e r f o r m a n c e ,  t h r e e  g e n e r a l  c o n c l u s i o n s  may be drawn:

1) On a m o d e r a t e l y  a r o u s in g  RT t a s k  ( i . e . ,  r e l a t i v e l y  
s h o r t  I T I s )  e x t r a v e r t s  p e r f o r m  a s  w e l l ,  a n d  o f t e n  
b e t t e r ,  t h a n  i n t r o v e r t s — a t  l e a s t  i n  t h e  s h o r t  run  
( i . e . ,  t i m e - o n - t a s k  i s  no more t h a n  20 m i n u t e s ) .

2) On e i t h e r  a  r e l a t i v e l y  s l o w - p a c e d , n o n - a r o u s i n g  RT 
t a s k  ( i . e . ,  r e l a t i v e l y  l o n g  I T I s ) ,  on RT t a s k s  
i n  which  t i m e - o n - t a s k  e x t e n d s  t o  a p p r o x i m a t e ly  40 
m i n u t e s ,  e x t r a v e r t s  e v i d e n c e  s l o w e r  RTs t h a n  
i n t r o v e r t s .

3) As RT c o m p l e x i t y  i n c r e a s e s  ( a s  i n  a  c h o i c e  RT 
t a s k ) , o r  a s  t h e  i n t e n s i t y  o f  t h e  RT s t i m u l u s  
i n c r e a s e s ,  e x t r a v e r t s  h a v e  f a s t e r  RTs t h a n  
i n t r o v e r t s ,  b u t  t h e y  a l s o  t e n d  t o  p r o d u c e  more  
e r r o r s  o f  commission .

O d d ly  e n o u g h ,  t h e  f i r s t  o f  t h e s e  c o n c l u s i o n s  a c t u a l l y  

g oes  a g a i n s t  t h e  l o g i c  o f  E ysenck 's  (1967) a r o u s a l  model o f  

IE .  T h a t  i s ,  i f  i n t r o v e r t s  h a v e  h i g h e r  l e v e l s  o f  ARAS 

a r o u s a l ,  and  h e n c e  a r e  more  a c t i v a t e d  and  s e n s i t i v e  t o  

e n v i r o n m e n t a l  s t i m u l i ,  why do t h e  e x t r a v e r t s  t e n d  t o  h a v e
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f a s t e r  RTs u n d e r  c o n d i t i o n s  o f  m o d e r a t e  a r o u s a l ?  At t h e  

p r e s e n t  t i m e ,  t h i s  anomalous ( y e t  p e r s i s t e n t )  r e s u l t  i s  b e s t  

a cc o u n te d  f o r  by t h e  Brebner-C ooper  model  which  p o s t u l a t e s  

t h a t  e x t r a v e r t s  a r e  "g ea red  t o  r e s p o n d ” w h i l e  i n t r o v e r t s  a r e  

"g ea red  t o  i n s p e c t "  un d e r  m o d e r a te ly  a r o u s in g  e n v i r o n m e n t a l  

c o n d i t i o n s .

The second  o f  t h e s e  c o n c l u s i o n s  may be a c c o u n te d  f o r  by 

e i t h e r  o f  tw o  p o s s i b l e  e x p l a n a t i o n s .  F i r s t ,  E y s e n c k ' s  

(1957) e a r l y  m od e l  o f  IE p o s t u l a t e d  t h a t  w i t h  r e p e a t e d  

r e s p o n d in g  t o  a  s t i m u l u s  t h e  n e u r a l  e x c i t a t o r y  p r o c e s s e s  o f  

e x t r a v e r t s  a r e  e v e n t u a l l y  overcome by " r e a c t i v e  i n h i b i t i o n "  

( n o t  t o  b e  c o n f u s e d  w i t h  t r a n s m a r g i n a l  i n h i b i t i o n ) .  P u t  

more s i m p ly ,  i n  a l o n g ,  b o r in g  t a s k  t h e  e x t r a v e r t  e v e n t u a l l y  

sho w s  l a p s e s  i n  a t t e n t i o n  a s  a  r e s u l t  o f  t h e  b u i l d - u p  o f  

n e u r a l  i n h i b i t i o n .  By c o n t r a s t ,  t h e  i n t r o v e r t  r e m a i n s  

a c t i v a t e d  and a ro u s e d  b ecau se  t h e y  do n o t  b u i l d  up r e a c t i v e  

i n h i b i t i o n  even d u r in g  b o r in g  t a s k s ,  b u t  r a t h e r ,  c o n t i n u e  t o  

have a  p rep on d e ran c e  o f  n e u r a l  e x c i t a t i o n .  An a l t e r n a t i v e  

e x p l a n a t i o n ,  which r e l i e s  on E ysenck 's  newer (1967) a r o u s a l  

m o d e l ,  h a s  b e e n  o f f e r e d  by G a le  ( 1 9 7 3 ,  1 9 8 1 ) .  A c c o r d i n g  t o  

G a l e ,  e x t r a v e r t s ,  when f a c e d  w i t h  p e r f o r m i n g  a  v e r y  low  

a r o u s i n g  t a s k  ( a s  i n  a  s l o w - p a c e d  RT t a s k  o r  a n  RT t a s k  

l a s t i n g  o v e r  a l o n g  p e r i o d  o f  t i m e ) , a r e  p l a c e d  i n  an  

e n v i r o n m e n t a l / b e h a v i o r a l  c o n f l i c t ;  t h a t  i s ,  t h e  s i t u a t i o n  i s  

c o n d u c i v e  t o  bo redom  an d  i n a t t e n t i o n ,  y e t  t h e y  h a v e  b e e n  

asked  t o  rem ain  a t t e n t i v e  and a l e r t .  Gale a r g u e s  t h a t  t h i s
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c o n f l i c t  s i t u a t i o n  r e s u l t s  i n  a p a r a d o x i c a l  i n c r e a s e  i n  

a r o u s a l  i n  e x t r a v e r t s  t h r o u g h  s e l f - i n d u c e d  a r o u s a l  

m e c h a n i s m s .  I n  t h e  c a s e  o f  RT p e r f o r m a n c e ,  t h e s e  

p a r a d o x i c a l  i n c r e a s e s  i n  a r o u s a l  may r e a c h  a  p o i n t  w h e r e  

t r a n s m a r g i n a l  i n h i b i t i o n  o c c u r s  i n  e x t r a v e r t s ,  l e a d i n g  t o  

t h e  d e c r e m e n t s  i n  RT p e r f o r m a n c e  d e s c r i b e d  e a r l i e r .  By 

c o n t r a s t ,  i n t r o v e r t s  a r e  a b l e  t o  c o n t i n u e  p e r f o r m i n g  a t  

o p t im um  u n d e r  lo w  a r o u s a l  c o n d i t i o n s  b e c a u s e  o f  t h e i r  

n a t u r a l l y  h ig h  l e v e l  o f  ARAS a r o u s a l .  S e v e r a l  s t u d i e s  have 

i n  f a c t  d e m o n s t r a te d  t h a t  i n  s i t u a t i o n s  o f  v e ry  low a r o u s a l ,  

e x t r a v e r t s  may e x h i b i t  g r e a t e r  e l e c t r o p h y s i o l o g i c a l  a r o u s a l  

t h a n  i n t r o v e r t s .  (See  G a l e ,  1 9 7 3 ,  1981 ;  G i l l i l a n d ,  198 1 ;  

S te lm a c k ,  1981 f o r  rev ie w s . )

The t h i r d  g e n e r a l  c o n c l u s i o n  may a g a i n  be  a c c o u n t e d  

f o r  by t h e  a r o u s a l  i n d u c in g  p r o p e r t i e s  o f  t h e  e x p e r i m e n t a l  

s i t u a t i o n .  H o w ev e r ,  i n  t h i s  c a s e  t h e  i n c r e a s e  i n  t a s k  

c o m p l e x i t y  o r  s t i m u l u s  i n t e n s i t y  c a u s e s  t h e  i n t r o v e r t  t o  

becom e o v e r - a r o u s e d  a n d  r e c r u i t  t r a n s m a r g i n a l  i n h i b i t i o n  

p r o c e s s e s  w h ic h  a c t  t o  p r o d u c e  d e c r e m e n t s  i n  t h e i r  RT 

p e r fo rm a n c e ,  w h i l e  t h e  e x t r a v e r t s  p e r fo rm  w e l l  i n  t h e  f a c e  

o f  t h i s  c h a l l e n g i n g / s t i m u l a t i n g  s i t u a t i o n .

I n  c o n c l u s i o n ,  some c o n s i s t e n c y  may be  s e e n  i n  t h e s e  

lE-RT s t u d i e s  once t h e y  a r e  s t r a t i f i e d  by t h e i r  m a jo r  so u rc e  

o f  v a r i a t i o n — t h e  a r o u s a l  i n d u c i n g  p r o p e r t i e s  o f  t h e  

e x p e r i m e n t a l  e n v i ro n m en t .  U n f o r t u n a t e l y ,  o n ly  one o f  t h e s e  

s t u d i e s  u s e d  a p s y c h o p h y s i o l o g i c a l  m e a s u r e  o f  a r o u s a l



17

c o n c u r r e n t  w i t h  RT p e r fo rm a n c e  i n  o r d e r  t o  o b t a i n  c o nv erg in g  

e v id e n c e  o f  an  lE-RT a r o u s a l  r e l a t i o n s h i p .  T h is  one s t u d y ,  

by  T h a c k r a y  e t  a l . ( 1 9 7 4 ) ,  r e p o r t e d  t h a t  e x t r a v e r t s  h a d  

g r e a t e r  i n c r e a s e s  i n  h e a r t - r a t e  v a r i a b i l i t y  ov e r  t h e  c o u rs e  

o f  40 m in u te s  o f  c o n t i n u o u s  RT r e s p o n d in g .  T h i s  f i n d i n g  may 

i n  f a c t  be e v id e n c e  o f  t h e  " p a r a d o x i c a l  a r o u s a l *  which  seems 

t o  d e v e l o p  i n  e x t r a v e r t s  o v e r  t h e  c o u r s e  o f  l o n g ,  b o r i n g  

t a s k s .  H ow eve r ,  t h e  f a c t  t h a t  h e a r t - r a t e  m e a s u r e s  a r e  

n o t o r i o u s l y  d i f f i c u l t  t o  i n t e r p r e t ,  due t o  t h e i r  dependence 

upon numerous e n v i r o n m e n t a l  f a c t o r s ,  l e a v e s  t h e  t h e o r e t i c a l  

s i g n i f i c a n c e  o f  t h i s  f i n d i n g  u n c l e a r .

Research an Caffeine A d m i n i s t r a t i o n ,  RL. and jkhe BAER
C a f f e i n e  i s  a  p o t e n t  c e n t r a l  n e rvo u s  sy s tem  s t i m u l a n t  

t h a t  h a s  b e e n  u s e d  s u c c e s s f u l l y  i n  a  num ber  o f  s t u d i e s  t o  

d e m o n s t r a t e  t h e  h y p o t h e s i z e d  a r o u s a l  d i f f e r e n c e s  b e t w e e n  

i n t r o v e r t s  an d  e x t r a v e r t s  ( s e e  E y s e n c k ,  19 6 7 ;  G i l l i l a n d ,  

1 9 8 0 ;  R e v e l l e ,  A m a r a l ,  & T u r r i f f ,  1 9 7 6 ) .  H o s t  o f  t h e s e  

s t u d i e s  have used  c a f f e i n e  t o  a r t i f i c i a l l y  i n c r e a s e  i n t e r n a l  

a r o u s a l  i n  an e f f o r t  t o  r e v e a l  t h e  i n v e r t e d - 0  f u n c t i o n  which 

r e l a t e s  a r o u s a l  l e v e l  t o  p e r fo rm a n c e .

G i l l i l a n d ' s  (1980) s t u d y  i s  p a r t i c u l a r l y  i l l u s t r a t i v e  

o f  w o r k  i n  t h i s  a r e a .  I n  t h i s  s t u d y ,  i n t r o v e r t s  a n d  

e x t r a v e r t s  w e r e  p r e -  and  p o s t - t e s t e d  on p r a c t i c e  G r a d u a t e  

R e c o r d  E x a m i n a t i o n  v e r b a l  p e r f o r m a n c e  i t e m s  w h i l e  

a d m i n i s t e r e d  c a f f e i n e  a t  e i t h e r  0 ,  2 ,  o r  4 m g/kg  o f  body  

w e i g h t .  The r e s u l t s  o f  t h i s  s t u d y  r e v e a l e d  t h a t  i n t r o v e r t s
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d r a m a t i c a l l y  i n c r e a s e d  i n  p e r f o r m a n c e  b e t w e e n  t h e  0 a n d  2

mg/kg c o n d i t i o n s  and t h e n  d e c r e a s e d  i n  p e r fo rm an c e  even more

d r a m a t i c a l l y  b e t w e e n  t h e  2 a n d  4 m g/kg  c o n d i t i o n s .  By

c o n t r a s t ,  e x t r a v e r t s  were  lo w e r  t h a n  i n t r o v e r t s  i n  b a s e l i n e

p e r fo rm ance  a t  t h e  0 mg/kg l e v e l ,  improved s l i g h t l y  a t  t h e  2

m g/kg  l e v e l ,  a n d  sh ow ed  m a rk e d  i m p r o v e m e n t  a t  t h e  4 m g/kg

l e v e l .  T h u s ,  i n c r e a s e s  i n  a r o u s a l  i n d u c e d  by  l a r g e r  a n d  
*

l a r g e r  d o s e s  o f  c a f f e i n e  s e r v e d  t o  i m p r o v e  e x t r a v e r t s '  

p e r f o r m a n c e  i n  a  l i n e a r  f a s h i o n ,  w h i l e  i n t r o v e r t s '  

p e r f o r m a n c e  w a s  o n l y  i m p r o v e d  t o  a  p o i n t  a n d  t h e n  

s i g n i f i c a n t l y  d e c l i n e d  under  t h e  h i g h e s t  l e v e l  o f  c a f f e i n e  

a d m i n i s t r a t i o n .  I n  P a v lo v ia n  p a r l a n c e ,  i t  may be  s a i d  t h a t  

t r a n s m a r g i n a l  i n h i b i t i o n  w as  i n d u c e d  i n  t h e  i n t r o v e r t s  a t  

t h e  4 m g/kg  l e v e l  o f  c a f f e i n e  a d m i n i s t r a t i o n .  ( I t  may be  

n o t e d  i n  p a s s i n g  t h a t  s i m i l a r  k i n d s  o f  p e r f o r m a n c e  

d e c re m e n ts  have a l s o  been  r e p o r t e d  f o r  e x t r a v e r t s ,  b u t  o n ly  

when l a r g e  d o s e s  o f  a m p h e ta m in e  w e r e  u s e d  a s  t h e  c e n t r a l  

n e rv o u s  sys tem  a r o u s i n g  a g e n t - - s e e  Gupta ,  1976.)

S t u d i e s  w h i c h  h a v e  e x a m in e d  t h e  e f f e c t  o f  c e n t r a l  

n e r v o u s  s y s t e m  s t i m u l a n t s  a n d  d e p r e s s a n t s  ( e . g . ,  c a f f e i n e  

a n d  a l c o h o l )  on s i m p l e  RT e v i d e n c e  n u m e ro u s  c o n t r a d i c t o r y  

r e s u l t s .  H o w e v e r ,  a s  T e i c h n e r  (1 9 5 4 )  h a s  c a u t i o n e d ,  

a t t e m p t s  a t  b r o a d  i n t e r p r e t a t i o n  o f  t h e s e  d r u g  s t u d i e s  i s  

c o n f o u n d e d  by t h e  c o n s i d e r a b l e  v a r i a t i o n  o f  e x p e r i m e n t a l  

p r o c e d u r e s  u s e d .  I n a d e q u a t e  c o n t r o l  o f  f a c t o r s  s u c h  a s  

i n d i v i d u a l  s e n s i t i v i t y ,  c o m p a r a b l e  d o s a g e  l e v e l s .
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h a b i t u a t i o n ,  a n d  p r i c e  d r u g  u s e  may a l s o  s e r v e  t o  c o n f o u n d  

r e s u l t s .

R e s e a r c h  on  t h e  e f f e c t  o f  c a f f e i n e  o n  s i m p l e  RT

i l l u s t r a t e s  t h e  c o m p le x i ty  o f  t h e  p rob lem .  One m ig h t  assume

t h a t  c a f f e i n e  a d m i n i s t r a t i o n  would l e a d  t o  i n c r e a s e d  a r o u s a l
.

a n d ,  h e n c e ,  d e c r e a s e d  RT. W h i l e  some s t u d i e s  h a v e  f o u n d  

t h i s  t o  b e  t r u e  ( H o l l i n g s w o r t h ,  1912 ;  S c h i l l i n g ,  1 9 2 1 ) ,  

o t h e r  r e s e a r c h e r s  r e p o r t  j u s t  t h e  o p p o s i t e ,  i . e . ,  i n c r e a s e d  

RT w i t h  c a f f e i n e  a d m i n i s t r a t i o n  ( C h e n e y ,  1 9 3 5 ,  1 9 3 6 ;  

G i l l i l a n d  & N e l s o n ,  1 9 3 9 ) .  I n  g e n e r a l ,  i t  a p p e a r s  t h a t  a t  

low d o se s  ( a p p r o x im a te ly  150 mg) t h e  e f f e c t s  o f  c a f f e i n e  on 

RT a r e  n o t  e a s i l y  p r e d i c t e d .  At h i g h e r  d o s e s  ( a p p r o x im a te ly  

2 2 5 -3 0 0  mg) RT h a s  b e e n  r e p o r t e d  t o  f i r s t  be  r e d u c e d ,  b u t  

t h e n  l e n g t h e n e d  when s u b j e c t s  w e r e  t e s t e d  24 h o u r s  l a t e r  

(H ors t  & J e n k i n s ,  1935).  I t  seems r e a s o n a b l e  t o  assume t h a t  

some o f  t h e  v a r i a b i l i t y  i n  t h e  r e s u l t s  o f  t h e s e  s t u d i e s  may 

be  acc o u n te d  f o r  by t h e  u n c o n t r o l l e d  f a c t o r  o f  p e r s o n a l i t y ,  

a s  w e l l  a s  by  t h e  l a c k  o f  e x p e r i m e n t a l  s o p h i s t i c a t i o n  

e v idenced  i n  many o f  t h e s e  e a r l y  s t u d i e s .

O n ly  o n e  s t u d y  h a s  e x p l o r e d  t h e  r e l a t i o n s h i p  o f  

c a f f e i n e  a d m i n i s t r a t i o n  a n d  IE  u s i n g  t h e  BAER a s  a 

p s y c h o p h y s i o l o g i c a l  m e a s u r e  o f  a r o u s a l .  I n  t h i s  s t u d y ,  

B u l l o c k ,  G i l l i l a n d ,  and  D a n n e l s  (1984) a r g u e d  t h a t  f o r  

E y s e n c k ' s  (1967) h y p o t h e s i s  o f  b r a i n s t e m  ARAS a r o u s a l  

d i f f e r e n c e s  t o  be u ph e ld ,  t h e  o v e r a l l  e f f e c t  o f  c a f f e i n e  on 

t h e  BAER s h o u l d  m im ic  t h e  d i f f e r e n c e s  a l r e a d y  d e s c r i b e d
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c o n c e rn in g  IE d i f f e r e n c e s  i n  t h e  BAER; t h a t  i s ,  i n c r e a s e s  i n  

c e n t r a l  n e rv o u s  sys tem  a r o u s a l  v i a  c a f f e i n e  a d m i n i s t r a t i o n  

s h o u l d  l e a d  t o  d e c r e a s e s  i n  l a t e n c y  a n d  i n c r e a s e s  i n  

a m p l i t u d e  o f  t h e  BAER wave components .  The r e s u l t s  o f  t h i s  

s tu d y  i n d i c a t e d  t h a t  t h e  e f f e c t  o f  2 mg/kg o f  c a f f e i n e  upon 

t h e  BAER (c o m p a re d  t o  t h e  BAER u n d e r  a p l a c e b o  c o n d i t i o n )  

was  i n d e e d  v e r y  s i m i l a r  t o  t h e  a v e r a g e  BAER p a t t e r n  f o r  

i n t r o v e r t s  a s  c o m p a re d  t o  e x t r a v e r t s .  S p e c i f i c a l l y ,  b o t h  

i n t r o v e r t s  and i n d i v i d u a l s  a d m i n i s t e r e d  2 mg/kg o f  c a f f e i n e  

e v id e n ce d  d e c r e a s e d  l a t e n c y  o f  wave V, a s  w e l l  a s  d e c r e a s e d  

i n t e r p e a k  l a t e n c y  be tw een  waves I  and V. The c a f f e i n e  d i d ,  

how ever ,  a p p e a r  t o  have  a  more p o t e n t  e f f e c t  on t h e  l a t e n c y  

o f  t h e  BAER wave  c o m p o n e n t s  t h a n  t h e  IE f a c t o r  a l o n e ,  a s  

c a f f e i n e  a d m i n i s t r a t i o n  was a l s o  a s s o c i a t e d  w i t h  d e c r e a s e s  

i n  t h e  l a t e n c i e s  o f  waves I I I  and VI.

Rationale and Rcsdictions ths. Present study.
I n  h i s  r e c e n t  r e v i e w  o f  EEG s t u d i e s  e x a m i n i n g  t h e  IE 

d im e n s io n .  G a le  (1981) r a i s e d  a  c r i t i c i s m  which i s  c e n t r a l  

t o  t h e  d e v e l o p m e n t  o f  t h e  p r e s e n t  s t u d y .  I t  i s  G a l e ' s  

c o n t e n t i o n  t h a t  p s y c h o p h y s i o l o g i c a l  r e s e a r c h e r s  e x p l o r i n g  

t h e  IE d im e n s io n  a r e  to o  r e d u c t i o n i s t i c  i n  t h e i r  app rpach ;  

t h a t  i s ,  " t h e y  e m p h a s i z e  t h e  p h y s i o l o g i c a l  d o m a in  a t  t h e  

expense  o f  t h e  b e h a v i o r a l  and e x p e r i e n t i a l  domain .” Keeping 

i n  m ind  G a l e ' s  a d m o n i t i o n ,  t h e  p r e s e n t  s t u d y  a t t e m p t e d  t o  

b roaden  t h e  m e th o d o lo g ic a l  app roach  used  t o  e x p lo r e  t h e  BAER 

a nd  IE by  i n c l u d i n g  m a n i p u l a t i o n s  o f  b o t h  s i t u a t i o n a l  and
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Physiological a r o u s a l  d u r i n g  BAER r e c o r d i n g .

Gale  (1981) h as  a l s o  n o t e d  t h a t ,  " L i t t l e  a t t e m p t  has  

b e e n  m a d e  s o  f a r  t o  o b t a i n  f r o m  s u b j e c t s  t h e m s e l v e s  

c o r r o b o r a t o r y  e v id e n c e  c o n c e rn in g  t h e  s t r a t e g i e s  t h e y  employ 

f o r  a d a p t i n g  t o  e n v i r o n m e n t a l  o r  e x p e r i m e n t a l  s i t u a t i o n s ,  

no r  in d e e d  have  s t a t e  v a r i a b l e s  been  ta p p e d  s u f f i c i e n t l y  t o  

e n a b l e  a  p a r t i a l l i n g  o f  t r a i t  a n d  s t a t e  e f f e c t s  w i t h i n  t h e  

l a b o r a t o r y "  ( p .  1 8 1 ) .  I n  a n  a t t e m p t  t o  c o r r e c t  t h i s  

d e f i c i e n c y ,  t h e  p r e s e n t  s t u d y  e m p l o y e d  a  w e l l - k n o w n  

p s y c h o m e t r i c  m easure  o f  s u b j e c t i v e  a r o u s a l ,  t h e  A c t i v a t i o n -  

D e a c t i v a t i o n  C h e c k l i s t  (ADAŒ— T h aye r ,  1967) ,  p r i o r  t o  and 

i m m e d i a t e l y  f o l l o w i n g  e a c h  e x p e r i m e n t a l  s e s s i o n .  I n  

a d d i t i o n ,  b r i e f  r e p o r t s  o f  s u b j e c t i v e  a r o u s a l  a n d  bo redom  

w e r e  r e c o r d e d  d u r i n g  t h e  c o u r s e  o f  e a c h  e x p e r i m e n t a l  

s e s s i o n .  One o f  t h e  a d v a n t a g e s  o f  t h e  p r e s e n t  p a r a d i g m  i s  

t h a t  i t  m ak es  i t  p o s s i b l e  t o  r e v e a l  t h e  r e l a t i v e  i n f l u e n c e  

o f  t h e  v a r i o u s  m a n i p u l a t i o n s  upon  b o t h  t h e  BAER and  RT 

p e r f o r m a n c e  o f  i n t r o v e r t s  a n d  e x t r a v e r t s ,  w h i l e  

s i m u l t a n e o u s l y  d e r i v i n g  s e l f - r e p o r t  m easu re s  o f  t h e  a r o u s a l  

in d u c in g  p r o p e r t i e s  o f  t h e  p h a r m a c o l o g i c a l  and e n v i r o n m e n t a l  

a r o u s a l  m a n i p u l a t i o n s .

I n  h i s  c r i t i c a l  r e v i e w  o f  e l e c t r o e n c e p h a l o g r a p h i c  

s t u d i e s  o f  t h e  e x t r a v e r s i o n  d i m e n s i o n .  G a le  (1981)  s t a t e d  

t h a t ,  "The e s s e n c e  o f  p sy c h o p h y s io lo g y  i s  t h e  i n t e g r a t i o n  o f  

e x p e r i e n t i a l ,  b e h a v i o r a l ,  and p h y s i o l o g i c a l  dom ains ."  Gale 

went  on t o  add t h a t ,  "What t h e  p s y c h o p h y s i o l o g i s t  demands o f
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t h e  p e r s o n a l i t y  t h e o r i s t  i s  a  s e n s i t i v i t y  t o  t h i s  n e e d  f o r  

i n t e g r a t i o n "  (p. 1 8 1 ,  i t a l i c s  a d d e d ) .  The p r i m a r y  p u r p o s e  

o f  t h e  p r e s e n t  s t u d y  w as  t o  o f f e r  a  t e s t  o f  Hans E y s e n c k ' s  

(1957, 1967) b i o l o g i c a l  t h e o r y  o f  e x t r a v e r s i o n  which y i e l d e d  

t o  t h e  "demands o f  t h e  p s y c h o p h y s i o l o g i s t "  by i n c o r p o r a t i n g  

w i t h i n  i t s  e x p e r i m e n t a l  d e s i g n  a n  i n t e g r a t i o n  o f  

p s y c h o p h y s i o l o g i c a l ,  e x p e r i e n t i a l ,  and p e r fo rm a n c e  m easu re s .  

To t h i s  e n d ,  t h e  p r e s e n t  s t u d y  e x a m i n e s  t h e  BAERs o f  

i n t r o v e r t s  a n d  e x t r a v e r t s  a c r o s s  t h r e e  l e v e l s  o f  

p h a r m a c o l o g i c a l l y  m a n i p u l a t e d  a r o u s a l  ( 0 .0 ,  1 . 5 ,  a n d  3.0  

mg/kg o f  c a f f e i n e ) ,  and a c r o s s  t h r e e  l e v e l s  o f  s i t u a t i o n a l l y  

m a n ip u la t e d  a r o u s a l  ( r e s t i n g ,  s im p le  RT, and complex RT).

W i t h  r e g a r d  t o  t h e  BAER, i t  w a s  p r e d i c t e d  t h a t  

i n t r o v e r t s  w o u ld  h a v e  s h o r t e r  wave l a t e n c i e s  a n d  l a r g e r  

a m p l i t u d e s  o f  t h e  BAER wave c o m p o n e n t s  t h a n  e x t r a v e r t s  

d u r in g  t h e  l o w e s t  a r o u s a l  s i t u a t i o n  ( r e s t i n g  X 0.0 mg/kg o f  

c a f f e i n e ) ,  c o n s i s t e n t  w i t h  p r e v i o u s  s t u d i e s .  T h i s  

r e l a t i o n s h i p  was e x p ec te d  t o  c o n t i n u e  t o  some (undetermined)  

p o i n t  a t  which  t h e  s i t u a t i o n a l  and p h a r m a c o l o g i c a l  a r o u s a l  

w ou ld  c o m b in e  t o  i n d u c e  t r a n s m a r g i n a l  i n h i b i t i o n  i n  t h e  

i n t r o v e r t s .  In  te rm s  o f  t h e  BAER, t r a n s m a r g i n a l  i n h i b i t i o n  

was o p e r a t i o n a l l y  d e f i n e d  a s  s i g n i f i c a n t  i n c r e a s e s  i n  

l a t e n c y  a n d  d e c r e a s e s  i n  a m p l i t u d e  o f  t h e  BAER w ave  

c o m p o n e n t s ,  i . e . ,  r e d u c e d  n e u r a l  e f f i c i e n c y  d u e  t o  

o v e r a r o u s a l / o v e r s t i m u l a t i o n .

W i t h  r e g a r d  t o  RT, i t  i s  d i f f i c u l t  t o  p r e d i c t
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p e r fo rm a n c e  d i f f e r e n c e s  be tw een  i n t r o v e r t s  and e x t r a v e r t s  a t  

t h e  l o w e s t  l e v e l  o f  e x p e r i m e n t a l  a r o u s a l .  E y s e n c k ' s  (1967) 

t h e o r y  p r e d i c t s  t h a t  i n t r o v e r t s  would have f a s t e r  RTs th a n  

e x t r a v e r t s  a t  t h i s  l e v e l  o f  a r o u s a l .  H o w ev e r ,  m o s t  o f  t h e  

p a s t  r e s e a r c h ,  and t h e  s i m p l i f i e d  model p ro p o se d  by Brebner  

a n d  C o o p e r  (1 9 7 4 ) ,  p r e d i c t s  t h a t  t h e  e x t r a v e r t s  w i l l  show 

b e t t e r  p e r fo rm a n c e .  As w i t h  t h e  BAER, i t  was p r e d i c t e d  t h a t  

t h e  i n t r o v e r t s  w o u l d  b e g i n  t o  sh o w  d e c r e m e n t s  i n  RT 

p e r f o r m a n c e  a t  t h e  h i g h e r  l e v e l s  o f  p h a r m a c o l o g i c a l l y  and  

s i t u a t i o n a l l y  m a n i p u l a t e d  a r o u s a l  (complex RT X 3.0 mg/kg o f  

c a f f e i n e ) ,  w h i l e  t h e  e x t r a v e r t s  would c o n t i n u e  t o  pe r fo rm  a t  

optimum.



Method
J

Subjects
S u b j e c t s  were 24 male  u n d e rg r a d u a t e  p sycho lo gy  s t u d e n t s  

1 8 - 2 1  y e a r s  o f  a g e ,  d ra w n  f r o m  a l a r g e r  p o p u l a t i o n  o f  

s t u d e n t s  (N=584), who had co m p le te d  t h e  Eysenck P e r s o n a l i t y  

I n v e n t o r y  (EPI), Form A (Eysenck & Eysenck,  1964) .  Twelve o f  

t h e  s u b j e c t s  were  random ly  s e l e c t e d  f rom  t h o s e  s t u d e n t s  who 

f e l l  i n  t h e  u p p e r  27% o f  t h e  d i s t r i b u t i o n  o f  s c o r e s  on t h e  

e x t r a v e r s i o n  (E) d i m e n s i o n  o f  t h e  E P I ,  and  t w e l v e  s u b j e c t s  

were  s e l e c t e d  who f e l l  i n  t h e  l o w e r  27% o f  t h e  d i s t r i b u t i o n  

(Cox, 1 9 5 7 ) .  (Mean E s c o r e  f o r  t h e  o r i g i n a l  s a m p l e  -  1 3 . 6 ,  

s . d .  = 3 .8 . )  T h e s e  tw o  g r o u p s  c o m p r i s e d  t h e  e x t r a v e r t  a n d  

i n t r o v e r t  g r o u p s ,  r e s p e c t i v e l y .  One s u b j e c t ' s  d a t a  h a d  t o  

be  d i s c a r d e d  d u e  t o  e q u i p m e n t  f a i l u r e .  T h i s  s u b j e c t  w as  

s u b s e q u e n t ly  r e p l a c e d  by random a s s ig n m e n t  o f  a n o th e r  p e r s o n  

i n  t h e  same p e r s o n a l i t y  g roup .

The f i n a l  e x p e r i m e n t a l  g roup  c o n s i s t e d  o f  12 i n t r o v e r t s  

(mean E s c o r e  = 5 . 5 ,  s . d .  = 2 .3)  a n d  12 e x t r a v e r t s  (mean E 

s c o r e  = 1 9 .0 ,  s . d .  = 0 . 9 ) .  A l l  s u b j e c t s  w e r e  w i t h i n  one  

s t a n d a r d  d e v i a t i o n  o f  t h e  mean n e u r o t i c i s m  s c o r e  f o r  t h e  

o r i g i n a l  s a m p l e  ( m e a n  = 1 0 . 0 ,  s . d .  = 4 . 3 ) .  O t h e r  

s t i p u l a t i o n s  r e q u i r e d  t h a t  t h e  s u b j e c t s  n o t  b e  h e a v y

24
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c a f f e i n e  c o n s u m e r s  a n d  n o t  c o n s u m e  a n y  c a f f e i n e  t h e  

morning  p r i o r  t o  t e s t i n g  t im e .

A p pa ra tu s

S u b j e c t s  w e r e  i n s t r u m e n t e d  f o r  i p s i l a t e r a l  BAER 

r e c o r d i n g  w i t h  G r a s s  s i l v e r - s i l v e r  c h l o r i d e  e l e c t r o d e s  

p l a c e d  a t  v e r t e x  (Cz) and  m a s t o i d ,  w i t h  t h e  c o n t r a l a t e r a l  

m a s t o i d  s e r v i n g  a s  g r o u n d .  A G r a s s  (m ode l  7p511)  EEG 

a m p l i f i e r  was used  t o  a m p l i f y  t h e  s u b j e c t s '  EEG, u s in g  a  low 

b a n d p a s s  o f  100 Hz, a h i g h  b a n d p a s s  o f  300 Hz, a nd  a  60 Hz 

f i l t e r  t o  r e d u c e  e l e c t r i c a l  a r t i f a c t .  A N i c o l e t  CA-1000 

c l i n i c a l  a v e r a g e r  w i t h  lo w  b a n d p a s s  o f  150 Hz a n d  h i g h  

b a n d p a s s  o f  3000 Hz was u s e d  t o  a v e r a g e  t h e  s u b j e c t s '  

r e s p o n s e s  t o  a u d i t o r y  c o n d e n s a t i o n  c l i c k s  0 .1  m sec  i n  

d u r a t i o n ,  w h ic h  w e re  d e l i v e r e d  a t  a  r a t e  o f  1 1 . 1 / s e c  v i a  

T e l e p h o n ie s  TDH-39P s h i e l d e d  headphones .

The a v e r a g i n g  o f  t h e  EEG was i n i t i a t e d  a t  a u d i t o r y  

c l i c k  s t i m u l u s  o n s e t ,  w i t h  each  BAER c o n s i s t i n g  o f  a t  l e a s t  

2000 c l i c k  t r i a l s .  The a n a l y s i s  t im e  was 10 msec c o m p r i s in g  

250 s a m p l e  p o i n t s .  To c o n t r o l  f o r  m u s c l e  t e n s i o n  a n d  e y e  

movement a r t i f a c t ,  EEG p o t e n t i a l s  e x ce ed in g  10 uV t r i g g e r e d  

a n  a u t o m a t i c  r e j e c t i o n  s y s t e m  e l i m i n a t i n g  t h a t  t r i a l  f ro m  

t h e  e v o k e d  p o t e n t i a l  a v e r a g e .  A p e r m a n e n t  co py  o f  t h e  BAER 

was r e c o r d e d  v i a  a H e w le t t - P a c k a r d  (model 7010B) X-Y p l o t t e r  

l i n k e d  t o  t h e  CA-1000 sys tem .

The RT s t i m u l i  were d e l i v e r e d  and RT re s p o n s e s  r e c o r d e d  

u s i n g  an Apple I I  P lu s  m ic r o p r o c e s s o r .  Timing o f  RT e v e n t s



26

was a c c o m p l i s h e d  u s i n g  a M o u n ta in  H a rd w a re  "A pple  C lo ck"  

(model MHP-X003) i n  c o n j u n c t i o n  w i t h  t h e  m ic r o p r o c e s s o r .  

£r.Qg£durfi
A l l  s u b j e c t s  a t t e n d e d  a  h a l f  h o u r  o r i e n t a t i o n  s e s s i o n  

p r i o r  t o  a c t u a l  t e s t i n g  d u r in g  which t h e y  were made f a m i l i a r  

w i t h  t h e  a p p a r a t u s  and  p r o c e d u r e s  f o r  BAER r e c o r d i n g .  

S u b j e c t s  w e r e  a l s o  g i v e n  t h o r o u g h  i n s t r u c t i o n s  a n d  20 

p r a c t i c e  t r i a l s  on b o t h  t h e  c o m p le x  a n d  s i m p l e  RT t a s k s  

d u r in g  t h e  o r i e n t a t i o n  s e s s i o n .

On t h e  f i r s t  d a y  o f  BAER t e s t i n g ,  m o n a u r a l  c l i c k  

t h r e s h o l d s  w ere  d e te rm in e d  f o r  b o th  e a r s  o f  each s u b j e c t  a t  

a  c l i c k  r a t e  o f  1 1 . 1 / s e c  u s i n g  t h e  m e th o d  o f  a s c e n d i n g  and 

d escen d ing  l i m i t s .  During su b s e q u e n t  BAER t e s t i n g ,  c l i c k s  

w e r e  d e l i v e r e d  t o  t h e  s u b j e c t ' s  l o w e r  t h r e s h o l d  e a r  a t  an 

i n t e n s i t y  80 dB above t h e  i n d i v i d u a l ' s  t h r e s h o l d  (80 dB SL).

BAER t e s t i n g  o c c u r r e d  i n  one  h o u r  s e s s i o n s  on t h r e e  

s e p a r a t e  d a y s .  I n  e a c h  s e s s i o n ,  t h e  s u b j e c t ' s  BAER was 

r e c o r d e d  w h i l e  t h e y  w e r e  r e s t i n g  q u i e t l y  i n  a c o m f o r t a b l e  

c h a i r  w i t h  t h e i r  eyes  c l o s e d ,  and w h i l e  t h e y  were engaged in  

t h e  s im p le  and complex RT t a s k s .

At t h e  b e g i n n i n g  o f  e a c h  s e s s i o n ,  t h e  s u b j e c t  d r a n k  4 

o u n c e s  o f  a  s u g a r - f r e e ,  n o n - c a f f e i n a t e d  c o l a  b e v e r a g e .  

C a f fe in e  dosage  was a d j u s t e d  f o r  t h e  s u b j e c t ' s  body w e ig h t .  

T h u s ,  t h e  c o l a  b e v e r a g e  c o n t a i n e d  e i t h e r  1 .5  mg/kg o f  

c a f f e i n e ,  3 .0  mg/kg o f  c a f f e i n e ,  o r  a  s m a l l  a m o u n t  o f  

q u i n in e  w a te r  (p lacebo  c o n d i t i o n ) .  The c a f f e i n e  c o n d i t i o n s
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w e r e  a d m i n i s t e r e d  v i a  a  d o u b l e - b l i n d  p r o c e d u r e  s u c h  t h a t  

n e i t h e r  t h e  e x p e r i m e n t e r  n o r  t h e  s u b j e c t  knew how much 

c a f f e i n e  ( i f  any) was a d m i n i s t e r e d  on each  o f  t h e  t h r e e  t e s t  

d a y s .  P l a c e b o  o r  c a f f e i n e  a d m i n i s t r a t i o n  o c c u r r e d  30 

m i n u t e s  p r i o r  t o  BAER t e s t i n g .  A d m i n i s t r a t i o n  o f  t h e  

c a f f e i n e  c o n d i t i o n s  w a s  c o u n t e r b a l a n c e d  w i t h i n  e a c h  

p e r s o n a l i t y  g rou p .

During t h e  RT t a s k s ,  t h e  s u b j e c t  rem ained  s e a t e d  i n  an 

u p r i g h t  p o s i t i o n ,  b u t  was i n s t r u c t e d  t o  watch  t h e  CRT o f  t h e  

m i c r o p r o c e s s o r .  During b o th  t h e  s i m p le  and t h e  complex RT 

t a s k s ,  a  r e c t a n g u l a r  box  (4 cm w i d e  X 14 cm l o n g )  was  

p r e s e n t e d  i n  t h e  c e n t e r  o f  t h e  CRT. T h i s  box was d i v i d e d  a t  

i t s  m id p o in t  by a  4 cm l i n e ,  c r e a t i n g  two s m a l l e r  r e c t a n g l e s  

(4 cm w id e  X 7 cm lo n g )  w i t h  a  common s i d e .

S u b j e c t s  were  r e q u i r e d  t o  f o c u s  t h e i r  a t t e n t i o n  on t h e  

c e n t e r  o f  t h e  l e f t  box f o r  t h e  s i m p l e  RT t a s k .  D u r i n g  t h e  

s i m p l e  RT t a s k ,  s u b j e c t s  w e r e  i n s t r u c t e d  t o  p r e s s  t h e  ”L* 

k ey  o f  t h e  m i c r o p r o c e s s o r  w i t h  t h e  m i d d l e  f i n g e r  o f  t h e i r  

r i g h t  hand a s  q u i c k l y  a s  p o s s i b l e  whenever  a  d o t  (5 mm X 3 

mm) a p p e a r e d  i n  t h e  c e n t e r  o f  t h e  l e f t  b o x .  T he  d o t  

a p p e a r e d  i n  t h e  box a t  random  i n t e r v a l s  b e t w e e n  4 and  6 

s e c o n d s  (mean i n t e r v a l  = 5 s e c ) .  A l t h o u g h  s u b j e c t s  w e r e  

a s k e d  t o  " a v o i d "  m ak ing  e r r o r s  by e i t h e r :  1) p r e s s i n g  t h e  

k ey  b e f o r e  t h e  d o t  a p p e a r e d  ( " a n t i c i p a t i o n "  e r r o r ) , o r  by

2) p r e s s i n g  t h e  w r o n g  k e y  ( " c h o i c e "  e r r o r ) — s p e e d  o f  

r e sp on d in g  was emphasized  a s  b e in g  m ost  i m p o r t a n t .
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BAER r e c o r d i n g  was i n i t i a t e d  a t  t h e  o n s e t  o f  t h e  f i r s t  

RT t r i a l .  A t  no t i m e  d u r i n g  t h e  s i m p l e  RT t r i a l s  d i d  a  d o t  

a p p e a r  i n  t h e  box  on t h e  r i g h t .  I f  t h e  s u b j e c t  made e i t h e r  

a n  a n t i c i p a t i o n  o r  c h o i c e  e r r o r ,  a  m e s s a g e  was p r i n t e d  on 

t h e  s c r e e n  i n d i c a t i n g  t h e  t y p e  o f  e r r o r ,  and t h e  s u b j e c t  was 

t h e n  r e q u i r e d  t o  h i t . t h e  "Return" key o f  t h e  m ic r o p r o c e s s o r  

t o  r e i n i t i a t e  t h a t  t r i a l .  S u b j e c t s  c o n t i n u e d  s i m p l e  RT 

re sp o n d in g  f o r  a t o t a l  o f  80 " e r r o r l e s s "  d o t  t r i a l s .  During 

t h e  a p p r o x i m a t e ly  7 m in u t e s  o f  RT re sp o n d in g  two BAERs were  

r e c o r d e d ,  each  c o m p r i s in g  a t  l e a s t  2000 c l i c k  t r i a l s  d u r in g  

t h e  f i r s t  and second h a l f  o f  t h e  RT s e s s i o n .

D u r in g  t h e  c o m p le x  RT t a s k ,  a  d o t  c o n t i n u e d  t o  a p p e a r  

e v e r y  4 - 6  s e c o n d s  i n  t h e  l e f t  h a n d  b o x .  H o w e v e r ,  i n  

a d d i t i o n ,  a  c r o s s  (10 mm X 13 mm) a p p e a r e d  a t  random  

i n t e r v a l s  i n  t h e  box on t h e  r i g h t .  P r e s e n t a t i o n  o f  t h e  

c r o s s  s t i m u l u s  o c c u r r e d  r a n d o m l y  b e t w e e n  1 a n d  3 s e c o n d s  

(mean i n t e r v a l  = 2 seconds)  f o l l o w i n g  40 randomly cho sen  d o t  

t r i a l s .  S u b j e c t s  were i n s t r u c t e d  t o  p r e s s  t h e  "A" key o f  t h e  

m ic r o p r o c e s s o r  w i th  t h e  m id d le  f i n g e r  o f  t h e i r  l e f t  hand a s  

q u i c k l y  a s  t h e y  co u ld  whenever  t h e  c r o s s  ap pea red  i n  t h e  box 

on t h e  r i g h t  o f  t h e  CRT. The n e t  r e s u l t  o f  t h e  c o m p le x  RT 

t a s k  was t h a t  s u b j e c t s  w e re  r e q u i r e d  t o  d i v i d e  t h e i r  

a t t e n t i o n  b e t w e e n  t h e  t w o  r e c t a n g u l a r  b o x e s ,  a n d  t o  

d i f f e r e n t i a l l y  respond  a c c o rd in g  t o  t h e  s t i m u l u s  which  was 

p r e s e n t e d .  A l s o ,  b e c a u s e  t h e  c r o s s e s  w e r e  p r e s e n t e d  

r a n d o m l y  a f t e r  40 o f  t h e  d o t  t r i a l s ,  t h e  s u b j e c t  w a s
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r e q u i r e d  t o  make some k ind  o f  r e s p o n s e  a b o u t  ev e ry  3.5 s e c .

As w i t h  t h e  s i m p l e  RT t a s k ,  speed  ( r a t h e r  th a n  acc u ra c y )  was
'

e m p h a s i z e d ,  a l t h o u g h  b o t h  a n t i c i p a t i o n  and  c h o i c e  e r r o r s  

c o n t i n u e d  t o  b e  m o n i t o r e d .  D u r i n g  t h e  c o m p le x  RT t a s k ,  tw o  

BAERs w e r e  a g a i n  r e c o r d e d ,  b e g i n n i n g  w i t h  t h e  o n s e t  o f  t h e  

f i r s t  RT t i m e .

To a v o i d  p r a c t i c e  e f f e c t s  on t h e  RT t a s k  a c r o s s  t h e  3 

days  o f  t e s t i n g ,  s u b j e c t s  were g iv e n  a p p r o x im a te ly  7 m in u te s  

o f  "warm up” t r i a l s  each  day d u r in g  t h e  30 m in u te s  f o l l o w i n g  

c a f f e i n e  o r  p l a c e b o  a d m i n i s t r a t i o n .  A l s o ,  t o  a s s e s s  t h e  

e f f e c t i v e n e s s  o f  t h e  c a f f e i n e  a r o u s a l  m a n i p u l a t i o n ,  s u b j e c t s  

w e r e  g i v e n  T h a y e r ' s  ( 1 9 6 7 ) '  ADACL p r i o r  t o  c a f f e i n e  

a d m i n i s t r a t i o n  and a t  t h e  end o f  each  e x p e r i m e n t a l  s e s s i o n .  

F i n a l l y ,  i n  o r d e r  t o  a s s e s s  a r o u s a l  c h a n g e s  t h r o u g h o u t  t h e  

c o u r s e  o f  t h e  e x p e r i m e n t a l  s e s s i o n ,  q u e s t i o n s  c o n c e rn in g  t h e  

s u b j e c t s '  p e r c e i v e d  l e v e l  o f  a r o u s a l  and  bo redo m  w e r e  

w r i t t e n  i n t o  b o th  t h e  s im p le  and complex RT p ro g ram s .  These 

q u e s t i o n s  to o k  t h e  form o f  two 1 0 - p o i n t  L i k e r t  s c a l e s ,  which 

a p p e a r e d  j u s t  p r i o r  t o ,  and  i m m e d i a t e l y  f o l l o w i n g ,  t h e  RT 

t a s k s .  Q u e s t io n  1 a sked :  "On a s c a l e  o f  1 t o  10 p l e a s e  r a t e  

how ' a r o u s e d '  you  f e e l  r i g h t  now ,"  w h e r e  1 c o r r e s p o n d e d  t o  

" n o t  a t  a l l  a r o u s e d "  and  10 c o r r e s p o n d e d  t o  " v e r y  a r o u s e d . "  

L i k e w i s e ,  Q u e s t i o n  2 a s k e d :  "On a  s c a l e  f r o m  1 t o  10 p l e a s e  

r a t e  how ' b o r e d '  you f e e l  r i g h t  now ,"  w h e r e  1 c o r r e s p o n d e d  

t o  " n o t  a t  a l l  b o r e d "  and 10 c o r r e s p o n d e d  t o  " e x t r e m e l y  

b o r e d . "



R e s u l t s

A n a l y s e s  o£ p e a k  a m p l i t u d e ,  l a t e n c y ,  a nd  c o n d u c t i o n  

t i m e  (CT) d a t a  f r o m  t h e  BAER w e r e  r e s t r i c t e d  t o  w a v e s  I ,  

I I I ,  V, a nd  V I .  As i s  common i n  BAER s t u d i e s ,  r e s p o n s e s  a t  

w a v e s  I I ,  IV ,  a n d  V I I  w e r e  n o t  r e l i a b l y  r e p r o d u c e d  a c r o s s  

c o n d i t i o n s ,  w i t h  wave I I  o c c a s i o n a l l y  m i s s i n g  a l t o g e t h e r  and 

wave  IV f r e q u e n t l y  m e r g i n g  w i t h  wave V. The s t a t i s t i c a l  

d e s i g n  was a  2 (IE) X 3 (CAFFEINE) X 3 (TASK) ANOVA w i t h  IE 

( i n t r o v e r t s  v e r s u s  e x t r a v e r t s )  t r e a t e d  a s  a  be tw een  f a c t o r  

an d  w i t h  r e p e a t e d  m e a s u r e s  on CAFFEINE ( 0 . 0 ,  1 . 5 ,  a n d  3 .0  

mg/kg) and TASK ( r e s t i n g ,  s im p le  RT, and complex RT).

Concerning  t h e  a m p l i t u d e  o f  t h e  wave components  o f  t h e  

BAER, i n d i v i d u a l  v a r i a b i l i t y  be tw een  s u b j e c t s  t e n d e d  t o  be 

l a r g e .  Thus, no a m p l i tu d e  d i f f e r e n c e s  were  found f o r  any  o f  

t h e  w a v e  c o m p o n e n t s  a s  a  f u n c t i o n  o f  e i t h e r  t h e  I E ,  

CAFFEINE, o r  TASK v a r i a b l e s .

The m o s t  p r o m i n e n t  p e r s o n a l i t y  d i f f e r e n c e s  c e n t e r e d  

a r o u n d  w a v es  I I I  and  V. Main e f f e c t s  f o r  IE w e r e  o b s e r v e d  

s u c h  t h a t  t h e  CTs o f  b o t h  w av es  I - I I I  an d  w av es  I - V  w e r e  

s i g n i f i c a n t l y  f a s t e r  i n  i n t r o v e r t s  a s  compared t o  e x t r a v e r t s  

a c r o s s  a l l  l e v e l s  o f  CAFFEINE a n d  TASK, 2 ( 1 ,  83)  =

8 . 9 2 , p  < .01 a n d  2 ( 1 ,  84) = 8 .4 3 ,  £  < . 0 1 ,  r e s p e c t i v e l y .

30
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T here  was a l s o  a  main e f f e c t  o f  IE f o r  t h e  a b s o l u t e  l a t e n c y  

o f  wave V r  £ . ( l r  84) = 8 .8 0 ,  g. < . 0 1 ,  s u c h  t h a t  t h e  i n t r o v e r t  

g r o u p  show ed  s i g n i f i c a n t l y  d e c r e a s e d  wave V l a t e n c y  a s  

compared t o  t h e  e x t r a v e r t  g roup .  (See F i g u r e  1 and T a b le  1.)

I n s e r t  F i g u r e  1 and T ab le  1 About Here

A m a r g i n a l l y  s i g n i f i c a n t  m a in  e f f e c t  o f  t h e  CAFFEINE 

f a c t o r  on t h e  BAER o c c u r r e d  f o r  t h e  l a t e n c y  o f  wave  V, 

£ ( 2 ,  84) = 2 . 8 7 ,  £  = .0 6 7 .  E x a m i n a t i o n  o f  t h i s  e f f e c t  

u t i l i z i n g  R y a n - E in o t - G a b r ie l - W e lc h  (REGW) p r o t e c t e d  t - t e s t s  

( s e e  SAS, 1982) r e v e a l e d  t h a t  t h e  l a t e n c y  o f  wave V was  

s i g n i f i c a n t l y  d e c r e a s e d  a c r o s s  a l l  s u b j e c t s  when t h e y  were  

a d m i n i s t e r e d  e i t h e r  1 .5  m g/kg  o r  3 .0  m g /kg  o f  c a f f e i n e ,  a s  

c o m p a r e d  t o  t h e  l a t e n c y  o f  w a v e  V u n d e r  t h e  p l a c e b o  

c o n d i t i o n ,  JL(84) -  4 .9 0 ,  g  < .05 a n d  i . (84)  = 3 .8 5 ,  g  < . 0 5 ,  

r e s p e c t i v e l y .

The TASK f a c t o r  h a d  a m a in  e f f e c t  on t h e  l a t e n c y  o f  

wave  V I ,  £ ( 2 ,  84) = 4 .4 2 ,  g  < .0 5 .  I n d i v i d u a l  c o m p a r i s o n s  

r e v e a l e d  t h a t  t h e  c o m p le x  RT t a s k  was a s s o c i a t e d  w i t h  

s i g n i f i c a n t l y  l o n g e r  wave VI l a t e n c y  a s  c o m p a re d  t o  t h e  

l a t e n c y  o f  wave VI d u r i n g  t h e  s i m p l e  RT t a s k ,  i ( 8 4 )  -  4 . 5 5 ,  

g  < .0 5 .  (See T a b l e  2.)

I n s e r t  T ab le  2 About Here
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F i n a l l y ,  a  m a r g i n a l l y  s i g n i f i c a n t  ( b u t  t h e o r e t i c a l l y  

p r o v o c a t i v e )  t h r e e - w a y  i n t e r a c t i o n  o c c u r r e d  b e t w e e n  I E ,  

CAFFEINE, a n d  TASK f o r  t h e  CT o f  wave I - V ,  £ ( 4 ,  84) = 2 .2 5 ,  

£  = .07.  I n d i v i d u a l  com par isons  o f  t h i s  i n t e r a c t i o n  r e v e a l e d  

t h a t  t h e  mean CT o f  wave I - V  was s i g n i f i c a n t l y  l o n g e r  f o r  

t h e  e x t r a v e r t e d  s u b j e c t s  d u r in g  t h e  s im p le  RT t a s k  unde r  t h e  

p l a c e b o  c o n d i t i o n  t h a n  t h e  mean CT o f  wave I - V  f o r  t h e  

i n t r o v e r t e d  s u b j e c t s  under any c o m b in a t io n  o f  CAFFEINE and 

TASK. (See  F i g u r e  1.)

A 2(IE) X 3 (CAFFEINE) X 2 (TASK) r e p e a t e d  m easu re s  ANOVA 

was used  t o  a n a l y z e  t h e  RT d a t a .  As e x p e c te d ,  s im p le  RT was 

f a s t e r  t h a n  c o m p l e x  RT, £ ( 1 ,  10)  = 8 5 . 3 9 ,  £  < . 0 1 .  I n  

a d d i t i o n ,  a  m a r g i n a l l y  s i g n i f i c a n t  t h r e e - w a y  i n t e r a c t i o n  was 

f o u n d  b e t w e e n  I E ,  CAFFEINE a n d  TASK,£ ( 2 ,  10)  = 3 . 6 5 ,  

£  = .0 6 5 .  I n d i v i d u a l  c o m p a r i s o n s  r e v e a l e d  t h a t  t h i s  t h r e e -  

way i n t e r a c t i o n  was due  t o  t h e  i n t r o v e r t s  p e r f o r m i n g  

s i g n i f i c a n t l y  f a s t e r  on t h e  s i m p l e  RT t a s k  u n d e r  b o t h  t h e

1 .5  m g /k g  a n d  3 ,0  m g /k g  c a f f e i n e  c o n d i t i o n s  t h a n  t h e  

e x t r a v e r t s  on t h e  c o m p lex  RT t a s k  u n d e r  a n y  o f  t h e  t h r e e  

c a f f e i n e  c o n d i t i o n s , £  < ,05 f o r  a l l  c o m p a r iso n s .  (See F ig u r e  

2 .)

I n s e r t  F ig u r e  2 About Here

I n  g e n e r a l ,  i t  may be  n o t e d  t h a t  p e r f o r m a n c e  on t h e  

s im p le  RT t a s k  was v i r t u a l l y  i n d i s t i n g u i s h a b l e  be tw een  t h e
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two p e r s o n a l i t y  g ro u p s ,  w h i l e  t h e  i n t r o v e r t s  t en d e d  t o  have 

f a s t e r  RTs t h a n  e x t r a v e r t s  f o r  t h e  c o m p le x  RT t a s k  a c r o s s  

a l l  l e v e l s  o f  c a f f e i n e  a d m i n i s t r a t i o n .  No s i g n i f i c a n t  

d i f f e r e n c e s  w e r e  f o u n d  b e t w e e n  t h e  p e r s o n a l i t y  g r o u p s  f o r  

t h e  number o f  a n t i c i p a t i o n  o r  c h o ic e  e r r o r s  made on e i t h e r  

RT t a s k ,  nor  w ere  t h e r e  any s i g n i f i c a n t  d i f f e r e n c e s  found  i n  

t h e  number o f  a n t i c i p a t i o n  o r  c h o ic e  e r r o r s  a s  a  f u n c t i o n  o f  

e i t h e r  t h e  CAFFEINE o r  TASK v a r i a b l e s .

A m u l t i v a r i a t e  a n a l y s i s  o f  v a r i a n c e  p ro c e d u re  (W ilk 's  

c r i t e r i o n )  c o n d uc ted  on t h e  p r e  and p o s t  s c o r e s  o f  t h e  f o u r  

s u b s c a l e s  o f  t h e  ADACL r e v e a l e d  o n l y  a  m a r g i n a l l y  

s i g n i f i c a n t  o v e r a l l  e f f e c t  f o r  t h e  IE f a c t o r ,  £ ( 8 ,  37) =

1 . 9 3 ,  E = .0 8 4 .  F u r t h e r  a n a l y s i s  u s i n g  u n i v a r i a t e  ANOVAs 

d i d  n o t  r e v e a l  a n y  s i g n i f i c a n t  m a in  e f f e c t s  f o r  IE f o r  a n y  

o f  t h e  f o u r  s u b s c a l e s .  The u n i v a r i a t e  ANOVAs d i d ,  how ever ,  

f i n d  s i g n i f i c a n t  main e f f e c t s  f o r  t h e  c a f f e i n e  f a c t o r  on t h e  

p o s t t e s t  s u b s c a l e s  o f  D e a c t i v a t i o n - S l e e p  (DS) a n d  High  

A c t i v a t i o n  (HA), £ ( 2 ,  27) = 4 .2 7 ,  & < .05 and  £ ( 2 ,  27) = 

3 . 9 0 ,  E < . 0 5 ,  r e s p e c t i v e l y .

I n d i v i d u a l  co m p a r iso n s  o f  t h e  main e f f e c t  o f  CAFFEINE 

on DS p o s t t e s t - s c o r e  r e v e a l e d  t h a t  a l l  o f  t h e  s u b j e c t s  

r e p o r t e d  f e e l i n g  s i g n i f i c a n t l y  l e s s  d e a c t i v a t e d  and s l e e p y  

a t  t h e  end o f  t h e  s e s s i o n s  i n  w h ic h  t h e y  h a d  r e c e i v e d  e i t h e r

1 .5  o r  3.0  m g/kg  o f  c a f f e i n e ,  a s  c o m p a r e d  t o  t h e  end  o f  t h e  

s e s s i o n  i n  w h i c h  t h e y  had  r e c e i v e d  t h e  p l a c e b o ,  i ( 4 4 )  -  

4 . 8 9 ,  E < .0 5  a n d  £ ( 4 4 )  = 3 . 5 8 ,  e  < . 0 5 ,  r e s p e c t i v e l y .
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I n d i v id u a l  c o m p a r iso n s  o f  t h e  m ain e f f e c t  o f  CAFFEINE on HA 

p o s t t e s t  s c o r e  r e v e a l e d  t h a t  a l l  o f  t h e  s u b j e c t s  r e p o r t e d  

f e e l i n g  s i g n i f i c a n t l y  m ore  h i g h l y  a c t i v a t e d  a t  t h e  e n d  o f  

t h e  s e s s i o n  i n  w hich  th e y  had r e c e iv e d  3.0 mg/kg o f  c a f f e i n e  

a s  c o m p a re d  t o  t h e  s e s s i o n s  i n  w h ic h  t h e y  h a d  r e c e i v e d  

e i t h e r  1.5 m g/kg o f  c a f f e i n e  o r  t h e  p la c e b o ,  i.(44) = 3 .9 8 ,  g  

< .05  an d  j i(4 4 )  = 4 .3 6 ,  E  < .0 5 ,  r e s p e c t i v e l y .

F i n a l l y ,  w i t h  r e g a r d  t o  t h e  s u b j e c t i v e  m e a s u r e s  o f  

a r o u s a l  and  boredom o b ta in e d  v i a  t h e  L i k e r t  s c a l e  q u e s t io n s  

g i v e n  p r i o r  t o  and  i m m e d i a t e l y  f o l l o w i n g  e a c h  RT t a s k ,  a 

2 (IE )  X 3(CAFFEINE) X 2(TASK) r e p e a t e d  m e a s u r e s  ANOVA 

r e v e a l e d  m a i n  e f f e c t s  f o r  b o t h  t h e  TASK a n d  CAFFEINE 

f a c t o r s .  TASK w as fo u n d  t o  h a v e  m a in  e f f e c t s  on t h e  p o s t  

m easu re s  o f  a r o u s a l  and boredom such  t h a t  a l l  s u b j e c t s  were 

s i g n i f i c a n t l y  l e s s  a r o u s e d  and  m ore  b o r e d  f o l l o w i n g  t h e  

s i m p l e  RT t a s k  a s  c o m p a re d  t o  t h e  c o m p le x  RT t a s k ,  £ ( 1 ,  44) 

= 2 1 .9 4 ,  E  < .01  and  £ ( 1 ,  44) = 8 .1 0 ,  e  < .0 1 ,  r e s p e c t i v e l y .

L ik e w is e ,  changes  b e tw e e n - th e  p r e  and p o s t  m ea su re s  o f  

a r o u s a l  and boredom w ere  s i g n i f i c a n t l y  d i f f e r e n t  a c r o s s  th e  

tw o  t a s k s ,  £ ( 1 ,  44) = 9 .8 9 ,  e  < .01  an d  £ ( 1 ,  44) » 4 .0 9 ,  

E  < .05 , r e s p e c t i v e l y .  A l l  s u b j e c t s  f i n i s h e d  th e  s im p le  RT 

t a s k  f e e l i n g  s i g n i f i c a n t l y  l e s s  a ro u s e d  and more b o red  th a n  

b e f o r e  t h e y  b e g a n  t h e  t a s k ,  w h e r e a s  t h e y  f i n i s h e d  t h e  

c o m p lex  t a s k  f e e l i n g  m ore  a r o u s e d  ( a l t h o u g h  n o t  a n y  m ore 

bored) th a n  when th e y  began th e  com plex t a s k .
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CAFFEINE w as fo u n d  t o  h a v e  m a in  e f f e c t s  on b o t h  t h e  p r e  

a n d  p o s t  m e a s u r e s  o f  a r o u s a l ,  £ ( 2 ,  44) = 4 .0 7 ,  £  < .05  and  

£ ( 2 ,  44) = 4 . 8 0 ,  £  < . 0 5 ,  r e s p e c t i v e l y ,  s u c h  t h a t  a l l

s u b j e c t s  r e p o r t e d  f e e l i n g  s i g n i f i c a n t l y  m ore a r o u s e d  b o t h
' - - '

p r i o r  t o  an d  f o l l o w i n g  b o th  o f  t h e  RT t a s k s  when t h e y  h a d  

been  a d m in i s t e r e d  e i t h e r  1.5 mg/kg o r  3.0 mg/kg o f  c a f f e i n e .  

The c a f f e i n e  m a n i p u l a t i o n  h a d  £ £  e f f e c t  on t h e  s u b j e c t i v e  

m easure  o f  boredom.



D is c u s s io n

The p r e s e n t  r e s u l t s  c o n c u r  w i t h  e a r l i e r  r e s e a r c h  i n  

su g g e s t in g  t h a t  p e r s o n a l i t y  d i f f e r e n c e s  on th e  IE d im ension  

may i n d e e d  b e  m a n i f e s t e d  a t  s u b c o r t i c a l  l e v e l s  a s  E ysenck  

(1967) h a s  h y p o t h e s i z e d .  F u r t h e r ,  d i f f e r e n c e s  b e tw e e n  

i n t r o v e r t s  a n d  e x t r a v e r t s  on  t h e  BAER c o n t i n u e  t o  be  

c e n te r e d  a ro u n d  wave V ( i n f e r i o r  c o l l i c u l u s ) .  The d e c re a se d  

CT b e t w e e n  w a v e s  I - I I I  a n d  w a v e s  I - V  f o u n d  f o r  t h e  

i n t r o v e r t e d  s u b j e c t s  i n  t h e  p r e s e n t  s t u d y ,  a s  w e l l  a s  t h e  

d e c re a se d  l a t e n c y  o f  wave V f o r  i n t r o v e r t s ,  s u p p o r t s  e a r l i e r  

w ork  by A n d r e s s  (1981) a n d  B u l lo c k  e t  a l .  (1982) i n  w h ich  

s i m i l a r  i n t e r p e a k  and  a b s o l u t e  l a t e n c y  m e a s u r e s  s u g g e s t e d  

t h a t  i n t r o v e r t s  e v id e n c e  f a s t e r  n e u r a l  t r a n s m i s s i o n  a lo n g  

t h e  a u d i t o r y  p a th w a y  b e tw e e n  t h e  a c o u s t i c  n e r v e  and  t h e  

i n f e r i o r  c o l l i c u l u s  ( a t  l e a s t  a t  r e l a t i v e l y  h i g h  l e v e l s  o f  

a u d i to r y  s t i m u l a t i o n ) .

In  t h e  p r e s e n t  s t u d y ,  i n t r o v e r t s  m a n i f e s t e d  t h i s  

g r e a t e r  n e u r a l  e f f i c i e n c y  a c r o s s  a l l  l e v e l s  o f  

p h a r m a c o l o g i c a l l y  and  e n v i r o n m e n t a l l y  m a n ip u la te d  a ro u s a l .  

I t  i s  p a r t i c u l a r l y  n o ta b le  t h a t  t h e  p r e s e n t  s tu d y  con firm ed  

CT d e c r e a s e s  b e tw e e n  wave I -V  i n  i n t r o v e r t s ,  a s  w e l l  a s  an 

a b s o lu te  l a t e n c y  d e c re a s e  i n  wave V. T h is  f i n d i n g ,  coupled

36
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w i th  th e  f a c t  t h a t  no l a t e n c y  d i f f e r e n c e s  due t o  p e r s o n a l i t y  

w e re  fo u n d  a t  t h e  l e v e l  o f  w ave I ,  s u g g e s t s  t h a t  c e n t r a l  

ARAS a r o u s a l  m e c h a n ism s  a r e  r e s p o n s i b l e  f o r  t h e s e  l a t e n c y  

d i f f e r e n c e s  be tw een  i n t r o v e r t s  and e x t r a v e r t s — and n o t  j u s t  

p e r i p h e r a l  s e n s i t i v i t y  d i f f e r e n c e s ,  a s  S te lm ack  and P lo u f f e  

(1 9 8 3 )  h a v e  s u g g e s t e d .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  

d i f f e r i n g  e x p la n a t io n s  o f f e r e d  f o r  t h e  o b se rv ed  d i f f e r e n c e s  

i n  t h e  BAERs o f  i n t r o v e r t s  and e x t r a v e r t s  may t o  some deg ree  

b e  a  f u n c t i o n  o f  t h e  d i f f e r e n t  BAER m e t h o d o l o g i e s  u s e d  by  

t h e  d i f f e r e n t  l a b o r a t o r i e s ,  s u c h  a s  t h e  c h o i c e  o f  

c o n d e n s a t i o n  v e r s u s  r a r e f a c t i o n  o r  a l t e r n a t i n g  p o l a r i t y  

c l i c k  s t i m u l i ,  o r  t h e  p r a c t i c e  o f  e q u a t i n g  i n t r o v e r t s  and  

e x t r a v e r t s  u s i n g  i n d i v i d u a l  a u d i t o r y  t h r e s h o l d s  (dB SL) 

v e r s u s  n o t  e q u a t i n g  t h e  s u b j e c t s  f o r  i n i t i a l  t h r e s h o l d  

d i f f e r e n c e s  (dB SL).

C o n c e r n in g  t h e  CAFFEINE a n d  TASK m a n i p u l a t i o n s ,  t h e  

p r e s e n t  r e s u l t s  c o n c u r  w i t h  e a r l i e r  w o rk  f r o m  t h i s  

l a b o r a t o r y  ( B u l l o c k  e t  a l . ,  1 9 8 4 )  i n  s u g g e s t i n g  t h a t  

s i t u a t i o n a l  a r o u s a l  w h ic h  i s  e i t h e r  p h a r m a c o l o g i c a l l y  o r  

e n v i r o n m e n t a l l y  i n d u c e d  d o e s  h a v e  an  e f f e c t  on t h e  BAER. 

T h is  r e p l i c a t i o n  i s  im p o r ta n t  s i n c e  p r i o r  r e s e a r c h e r s  have 

g e n e r a l l y  r e p o r t e d  t h a t  t h e  BAER i s  t o t a l l y  u n a f f e c t e d  by 

s i t u a t i o n a l  a r o u s a l .  I t  now a p p e a r s  t h a t  t h e  w i d e l y  h e l d  

b e l i e f  i n  t h e  " i m m u t a b i l i t y "  o f  t h e  BAER t o  s i t u a t i o n a l  

a r o u s a l  m a n i p u l a t i o n s  may b e  t r u e  o n ly  f o r  t h e  lo w e r  

b r a in s te m  com ponen ts , b u t  n o t  f o r  com ponents a t  t h e  l e v e l  o f
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w aves  V a n d  V I ,

Of p a r t i c u l a r  i n t e r e s t  i n  t h e  p r e s e n t  s t u d y  w as t h e  

f i n d i n g  t h a t  t h e  g e n e r a l  e f f e c t  o f  t h e  c a f f e i n e  

a d m i n i s t r a t i o n  upon t h e  BAERs o f  b o t h  i n t r o v e r t s  and  

e x t r a v e r t s ,  c o m p a r e d  t o  t h e  BAER u n d e r  t h e  p l a c e b o  

c o n d i t i o n ,  w as i s o m o r p h i c  t o  t h e  a v e r a g e  BAER p a t t e r n  f o r  

i n t r o v e r t s  c o m p a red  t o  e x t r a v e r t s .  S p e c i f i c a l l y ,  b o th  

i n t r o v e r t s  and i n d i v i d u a l s  a d m in i s t e r e d  e i t h e r  1 .5  mg/kg o r

3.0 mg/kg o f  c a f f e i n e  ev id e n ce d  d e c re a s e d  l a t e n c y  o f  wave V. 

T h i s  r e s u l t  a p p e a r s  t o  c o n f i r m  t h e  p r e s e n t  s t u d y ' s  

h y p o th e s i s  t h a t  d e c re a s e d  l a t e n c y  be tw een  waves l -V  in  th e  

BAERs o f  i n t r o v e r t s  i s  a  f u n c t i o n  o f  t h e i r  h i g h e r  l e v e l  o f  

CNS a r o u s a l .

The TASK f a c t o r  w as a l s o  a s s o c i a t e d  w i t h  c h a n g e s  i n  

wave peak  l a t e n c y  f o r  b o th  i n t r o v e r t s  and e x t r a v e r t s — t h i s  

t i m e  a t  t h e  l e v e l  o f  w ave V I .  The e f f e c t s  o f  t h e  RT t a s k s  

w ere  p a r t i c u l a r l y  i n t e r e s t i n g  i n  t h a t  th e  s im p le  RT t a s k  was 

a s s o c i a t e d  w i t h  d e c r e a s e d  l a t e n c y  o f  wave VI a c r o s s  b o th  

p e r s o n a l i t y  g ro u p s ,  w h i le  t h e  com plex RT t a s k  was a s s o c i a t e d  

w i t h  s i g n i f i c a n t l y  i n c r e a s e d  w ave VI l a t e n c y  a c r o s s  b o th  

g ro u p s .  T h is  f i n d in g  s u g g e s t s  t h a t  a  RT t a s k  w hich  r e q u i r e d  

o n ly  m o t o r i c  an d  r e f l e x i v e  p r o c e s s i n g  w as a s s o c i a t e d  w i t h  

in c r e a s e d  n e u r a l  e f f i c i e n c y ,  w h i le  a  RT t a s k  t h a t  r e q u i r e d  

a d d i t i o n a l  d e c i s i o n  m ak in g  p r o c e s s e s  was a s s o c i a t e d  w i t h  

d e c re a se d  n e u r a l  e f f i c i e n c y .  T h is  l a s t  f i n d in g  a l s o  p ro v id e s  

s u p p o r t  f o r  p r e v i o u s  w ork ( B u l l o c k ,  1983) i n  w h ic h  t h e
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p e rfo rm an c e  o f  a  complex v i g i l a n c e  t a s k  was a s s o c i a t e d  w i th  

i n c r e a s e d  l a t e n c y  o f  wave V a c r o s s  a g roup o f  young , m idd le  

ag ed , and e l d e r l y  women.

T he  l a c k  o f  a n y  i n t e r a c t i o n s  b e t w e e n  IE  a n d  t h e  

e x p e r im e n ta l  m a n ip u la t io n s  o f  a r o u s a l  f o r  th e  BAER m easure  

s u g g e s t s  t h a t  t h e  i n t r o v e r t s  i n  t h i s  s tu d y  were n e v e r  pushed 

beyond t h e i r  o p t im a l  l e v e l  o f  a r o u s a l  i n  te rm s  o f  b ra in s te m  

a u d i t o r y  pathw ay a c t i v a t i o n .  L ik e w is e ,  th e  RT d a ta  s u g g e s t  

t h a t  i n t r o v e r t s  i n  t h i s  s t u d y  w e re  n o t  s t r e s s e d  by  e i t h e r  

t h e  d ru g  o r  t a s k  m a n i p u l a t i o n s  t o  a p o i n t  w h e re  t h e i r  

p e r f o r m a n c e  d e g r a d e d  b e lo w  t h a t  o f  e x t r a v e r t s .  T h u s ,  i t  

does n o t  a p p e a r  t h a t  t r a n s m a r g in a l  i n h i b i t i o n  was induced  in  

t h e . i n t r o v e r t s  e v en  a t  t h e  h i g h e s t  l e v e l s  o f  c a f f e i n e  

a d m i n i s t r a t i o n  and t a s k  demand. In  f a c t ,  w i th  r e g a r d  to  th e  

RT t a s k s ,  i t  was found t h a t  un der t h e  low and h ig h  c a f f e i n e  

dosag es  th e  i n t r o v e r t s  p e rfo rm e d  s i g n i f i c a n t l y  f a s t e r  on th e  

s i m p l e  RT t a s k  t h a n  t h e  e x t r a v e r t s  d i d  u n d e r  a n y  l e v e l  o f  

c a f f e i n e  a d m i n i s t r a t i o n .  A l s o ,  a s  n o t e d  e a r l i e r ,  t h e  

i n t r o v e r t s  c o n s i s t e n t l y  o u tp e r fo rm e d  th e  e x t r a v e r t s  on th e  

c o m p l e x  RT t a s k  a c r o s s  a l l  l e v e l s  o f  c a f f e i n e  

a d m i n i s t r a t i o n ,  a l t h o u g h  t h i s  d i f f e r e n c e  w a s  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .

One t h e o r e t i c a l l y  p r o v o c a t i v e  (a l th o u g h  s t a t i s t i c a l l y  

n o n s i g n i f i c a n t )  r e s u l t  d i d  e m e rg e  a s  a  f u n c t i o n  o f  an  

i n t e r a c t i o n  b e t w e e n  IE  a n d  t h e  CAFFEINE a n d  TASK 

m a n i p u l a t i o n s .  In  F i g u r e  1 ,  i t  may be  n o te d  t h a t  t h e  CT o f
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wave I -V  f o r  e x t r a v e r t s  d u r in g  t h e  p la c e b o  c o n d i t i o n  v a r i e s  

g r e a t l y  a s  a  f u n c t i o n  o f  t h e  t y p e  o f  RT t a s k  t h e y  w e re  

p e r f o r m i n g — s i m p l e  o r  c o m p l e x .  T h i s  d i f f e r e n c e  i s

n o t e w o r t h y  s i n c e  i t  i s  e x a c t l y  t h e  o p p o s i t e  o f  t h e  m a in
■

e f f e c t  o f  TASK a t  t h e  l e v e l  o f  wave V I. S p e c i f i c a l l y ,  

e x t r a v e r t s  showed s h o r t e r  CT o f  wave I-V  d u r in g  th e  complex 

RT t a s k  and lo n g e r  CT o f  wave I -V  d u r in g  t h e  s im p le  RT t a s k .  

By c o n t r a s t ,  i n t r o v e r t s  u n d e r  t h e  p l a c e b o  c o n d i t i o n  

e x h i b i t e d  t h e  m ore  u s u a l  p a t t e r n  o f  l o n g e r  CT d u r i n g  t h e  

com plex RT t a s k .  Of even  g r e a t e r  i n t e r e s t ,  how ever, i s  th e  

c h a n g e  i n  t h e  wave I - V  CT o f  e x t r a v e r t s  w h ic h  o c c u r s  a f t e r  

i n g e s t i o n  o f  3 .0  m g/kg  o f  c a f f e i n e .  U nder t h i s  c o n d i t i o n ,  

t h e  e f f e c t  o f  t h e  s i m p l e  an d  c o m p le x  RT t a s k s  upon  t h e  CT o f  

wave I - V  f o r  e x t r a v e r t s  d r a m a t i c a l l y  s h i f t s  t o  t h e  m ore  

u s u a l  r e s u l t  t h a t  CT i s  le n g th e n e d  d u r in g  a  complex RT t a s k .

R e s e a rc h e r s  have  n o te d  t h a t  consum ption  o f  a lc o h o l  by 

i n t r o v e r t s  h a s  t h e  e f f e c t  o f  m a k in g  th e m  " l o o k "  l i k e  

e x t r a v e r t s  on m easu res  o f  p e r fo rm a n c e ,  s i n c e  t h e  a lc o h o l  i s  

a  CNS d e p r e s s a n t  t h a t  h a s  th e  e f f e c t  o f  lo w e r in g  t h e i r  l e v e l  

o f  a r o u s a l .  In  a  s i m i l a r  v e in ,  t h i s  l a t e s t  f i n d i n g  s u g g e s ts  

t h a t  t h e  i n g e s t i o n  o f  3 .0  m g/kg  o f  c a f f e i n e  by  e x t r a v e r t s  

h a s  t h e  e f f e c t  o f  m ak in g  them  " lo o k "  l i k e  i n t r o v e r t s  i n  

te rm s  o f  t h e i r  BAER under d i f f e r e n t  TASK c o n d i t i o n s .

In  t h e  p r e s e n t  s tu d y ,  no p e r s o n a l i t y  d i f f e r e n c e s  due t o  

s u b j e c t i v e  p e r c e p t io n s  o f  a r o u s a l  were e v id e n t  u s in g  e i t h e r  

th e  AOACL o r  th e  L i k e r t  s c a l e  q u e s t io n s  c o n c e rn in g  f e e l i n g s
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o f  a r o u s a l  and  b o red o m . N e v e r t h e l e s s ,  t h e s e  s u b j e c t i v e  

m ea su re s  do p ro v id e  a  v a l i d a t i o n  check o f  t h e  h y p o th e s iz e d  

e f f e c t s  o f  th e  CAFFEINE and TASK m a n ip u la t io n s .  C oncern ing  

t h e  ADACL, t h e  a d m i n i s t r a t i o n  o f  e i t h e r  1 .5  m g/kg  o r  3 .0  

mg/kg o f  c a f f e i n e  was a s s o c i a t e d  w i th  r e p o r t e d  d e c r e a s e s  i n  

D e a c t iv a t io n - S le e p .  The e f f e c t  o f  c a f f e i n e  on t h e  s u b s c a le  

High A c t iv a t i o n  i s  p a r t i c u l a r l y  i n t e r p r e t a b l e ,  s i n c e  HA i s  

d e f i n e d  by a d j e c t i v e s  s u c h  a s  " j i t t e r y "  a n d  " s t i r r e d  u p ,"  

and th e  e f f e c t  o f  3.0 mg/kg o f  c a f f e i n e  was t o  s i g n i f i c a n t l y  

i n c r e a s e  th o s e  f e e l i n g s  i n  a l l  s u b j e c t s .  Thus, b o th  t h e  low 

and h ig h  l e v e l s  o f  c a f f e i n e  a d m i n i s t r a t i o n  l e d  t o  d e c r e a s e s  

i n  " s l e e p i n e s s , "  b u t  o n l y  t h e  h i g h e s t  d o s a g e  l e v e l  l e d  t o  

i n c r e a s e s  i n  " j i t t e r y n e s s . "

C a f f e i n e  a d m i n i s t r a t i o n  a t  e i t h e r  t h e  low  o r  h i g h  

do sage  l e v e l s  a l s o  was a s s o c i a t e d  w i th  i n c r e a s e s  i n  r e p o r t e d  

a r o u s a l  u s i n g  t h e  L i k e r t  s c a l e  q u e s t i o n s  p r i o r  t o  and  

f o l l o w i n g  e a c h  RT t a s k .  C a f f e i n e  a d m i n i s t r a t i o n  d i d  n o t ,  

ho w ever ,  l e a d  t o  any chan ges  i n  p e rc e iv e d  boredom th ro u g h o u t  

t h e  t a s k s .  T h u s ,  i t  a p p e a r s  t h a t  an  i n d i v i d u a l  c a n  be  

p h a r m a c o l o g i c a l l y  " a r o u s e d , "  y e t  s t i l l  be  b o r e d .  F i n a l l y ,  

w i t h  r e g a r d  t o  t h e  s u b j e c t i v e  m e a s u r e s ,  t h e r e  w as no 

e v i d e n c e  f o r  " p a r a d o x i c a l  a r o u s a l "  o c c u r r i n g  i n  t h e  

e x t r a v e r t s  a c r o s s  th e  c o u rs e  o f  th e  e x p e r im e n ta l  t a s k s .

I n  c o n c l u s i o n ,  t h e  d a t a  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  

r e g a r d in g  d i f f e r e n c e s  i n  RT p e rfo rm an c e  and th e  BAER betw een  

i n t r o v e r t s  and  e x t r a v e r t s  l e n d  t h e m s e l v e s  b e s t  t o  an
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i n t e r p r e t a t i o n  d e r i v e d  f r o m  E y s e n c k ' s  t h e o r y ,  i . e . ,  

e x t r a v e r t s  a r e  l o w e r  i n  ARAS a r o u s a l  a n d  e v id e n c e  g r e a t e r  

n e u r a l  i n h i b i t i o n  th a n  i n t r o v e r t s .  In  t h e  c a s e  o f  th e  BAER 

t h i s  lo w e r  a r o u s a l / g r e a t e r  i n h i b i t i o n  a p p e a rs  t o  r e s u l t  i n  

in c r e a s e d  CT a lo n g  t h e  b r a in s te m  a u d i t o r y  p a thw ay . In  t h e  

c a s e  o f  p e r f o r m a n c e  on  a  c o m p l e x  RT t a s k ,  t h e  l o w e r  

a r o u s a l / g r e a t e r  n e u r a l  i n h i b i t i o n  o f  e x t r a v e r t s  r e s u l t s  i n  

g e n e r a l l y  p o o r e r  p e rfo rm a n c e .  The RT d i f f e r e n c e s  found in  

t h e  p r e s e n t  s tu d y  do a a t  s u p p o r t  th e  B rebner-C oop er  model o f  

IE — w h e re  i n t r o v e r t s  a r e  h y p o t h e s i z e d  t o  b e  " g e a r e d  t o  

i n s p e c t "  e n v iro n m e n ta l  s t i m u l i  w h i le  e x t r a v e r t s  a r e  "g ea red  

t o  r e s p o n d "  t o  e n v i r o n m e n t a l  s t i m u l i .  I n  t h e  c o m p le x  RT 

t a s k ,  g r e a t e r  i n s p e c t i o n  t i m e  w as n e c e s s a r y  t o  make t h e  

c o r r e c t  r e s p o n s e ,  y e t  i t  w as t h e  i n t r o v e r t s  who p e r f o r m e d  

f a s t e s t .  F u r th e rm o re ,  c o n t r a r y  t o  th e  B rebner-C ooper m odel, 

e x t r a v e r t s  d id  n o t  commit more e r r o r s  o f  com m ission  th a n  t h e  

i n t r o v e r t s ,  e v e n  th o u g h  s p e e d  o f  r e s p o n d i n g  w as s t r e s s e d  

o v e r  a c c u ra c y  o f  re sp o n d in g .

I t  i s  l i k e l y  t h a t  th e  r e l a t i v e l y  a t y p i c a l  RT r e s u l t s  o f  

t h e  p r e s e n t  s t u d y  a r e  a f u n c t i o n  o f  t h e  e x t e n s i v e  p r a c t i c e  

and m u l t i p l e  t r i a l s  s u b j e c t s  w ere  g iv e n  on th e  RT t a s k s .  In  

p a r t i c u l a r ,  t h e  la c k  o f  v a r i a b i l i t y  i n  th e  s im p le  RT r e s u l t s  

s u g g e s t s  t h a t  a  " c e i l i n g  e f f e c t "  was i n  o p e r a t io n .  F i n a l l y ,  

i n  c o n t r a s t  t o  th e  p r e s e n t  s t u d y 's  p r e d i c t i o n ,  th e  a d d i t i o n  

o f  e x t r a  CNS a r o u s a l  v i a  a d m i n i s t r a t i o n  o f  3 .0  m g/kg  o f  

c a f f e i n e  and in c r e a s e d  t a s k  demand a p p a r e n t l y  se rv e d  o n ly  t o
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keep th e  RT p e rfo rm an ce  o f  i n t r o v e r t s  a t  a  h ig h e r  a s y m p to t ic

l e v e l  th a n  t h a t  o f  th e  e x t r a v e r t s .
'

T he  f a i l u r e  o f  t h e  p r e s e n t  s t u d y  t o  d e m o n s t r a t e  

t r a n s m a r g in a l  i n h i b i t i o n  e f f e c t s  i n  t h e  i n t r o v e r t e d  s u b j e c t s  

a t  t h e  h i g h e s t  l e v e l s  o f  c a f f e i n e  a d m i n i s t r a t i o n  an d  t a s k  

dem and f o r  e i t h e r  BAER f u n c t i o n i n g  o r  RT p e r f o r m a n c e  was 

u n e x p ec te d .  N e v e r th e le s s ,  t h i s  n u l l  f i n d in g  i s  s u p p o r te d  by 

th e  p s y c h o m e tr ic  m easu res  o f  a c t i v a t i o n  and a r o u s a l ,  s in c e  

t h e y  a l s o  fo u n d  no d i f f e r e n c e s  b e tw e e n  t h e  i n t r o v e r t s  and  

e k t r a v e r t s  i n  t e r m s  o f  s u b j e c t i v e l y  f e l t  a r o u s a l .  

A p p a r e n t l y ,  t h e  c o g n i t i v e  dem and o f  t h e  c o m p le x  RT t a s k  

p r o v i d e d  o n l y  a  m o d e r a t e  l e v e l  o f  a r o u s a l ,  e v e n  i n  

c o n j u n c t i o n  w i t h  t h e  a d m i n i s t r a t i o n  o f  3 .0  m g /k g  o f  

c a f f e i n e .  Given t h a t  even  th e  r e l a t i v e l y  s i m p l i s t i c  a r o u s a l  

m a n ip u la t io n s  o f  TASK and CAFFEINE d id  have main e f f e c t s  on 

t h e  BAER a n d  RT, f u r t h e r  s t u d i e s  w o u ld  p r o f i t  by e x a m in in g  

t h e  d i f f e r e n t i a l  e f f e c t  o f  o t h e r  s t i m u l a n t  an d  d e p r e s s a n t  

d r u g s  on t h e  BAERs o f  i n t r o v e r t s  a n d  e x t r a v e r t s  w h i l e  t h e y  

a r e  e n g a g e d  i n  a  v a r i e t y  o f  c o g n i t i v e  t a s k s  r a n g i n g  f ro m  

r e l a t i v e l y  s im p le  t o  v e ry  complex.

I n  a  s h o r t  c r i t i q u e  o f  t h e  p s y c h o p h y s i o l o g y  o f  

i n d i v i d u a l  d i f f e r e n c e s .  G a le  a n d  E d w ard s  (1983) u rg e d  

r e s e a r c h e r s  t o  a b a n d o n  s i m p l i s t i c ,  s i n g l e - f a c t o r ,  

c o r r e l a t i o n a l  s t u d i e s  and made an a p p e a l  f o r  more " p ro c e s s -  

r e l a t e d "  i n v e s t i g a t i o n s  w h ic h  f o c u s e d  on t h e  i n t e r a c t i v e  

n a tu r e  o f  c o g n i t i v e ,  b e h a v i o r a l ,  and p h y s i o l o g ic a l  a s p e c t s
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o f  b e h a v i o r ,  a s  w e l l  a s  s o c i a l  an d  i n t e r p e r s o n a l  a s p e c t s .  

Having a t t e m p te d  an  i n i t i a l  f o r a y  i n t o  th e  b i o l o g i c a l  b a s e s  

o f  IE  u t i l i z i n g  t h i s  a p p r o a c h ,  t h e  p r e s e n t  a u t h o r  i s  

co m p e lle d  t o  add a c a u t io n a r y  p o s t s c r i p t  t o  t h e  i d e a l i s t i c  

a d v i c e  o f f e r e d  by  G a le  and  E d w a rd s .  N am ely ,  t h e  g a i n s  

a c c r u e d  b y  i m p l e m e n t a t i o n  o f  c o m p le x ,  i n t e r a c t i v e  d e s i g n s  

a r e  n o t  w i t h o u t  t h e i r  c o s t s ,  b o t h  i n  t e r m s  o f  i n c r e a s e d  

l o g i s t i c a l  d i f f i c u l t y  and i n  t e r m s  o f  i n c r e a s e d  d i f f i c u l t y  

o f  t h e o r e t i c a l  a n a l y s i s .  N e v e r t h e l e s s ,  g i v e n  t h a t  t h e  

p r e s e n t  s tu d y  was a b le  t o  t a k e  on t h i s  c h a l le n g e  and a c h ie v e  

a  m o d e ra te  d e g re e  o f  s u c c e s s ,  t h e  p r e s e n t  a u th o r  r e t a i n s  an 

o p t i m i s t i c  o u t lo o k  f o r  f u t u r e  s t u d i e s  w hich u t i l i z e  m u l t i ­

m o d e l a p p r o a c h e s  t o  u n d e r s t a n d  t h e  b i o l o g i c a l  b a s e s  o f  

i n d i v i d u a l  d i f f e r e n c e s .
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TABLE 1

Means and  s t a n d a r d  d e v ia t i o n s  

f o r  th e  c o n d u c t io n  t im e  (m easured i n  m i l l i s e c o n d s )  

betw een waves I - I I I  and  I-V  

f o r  each  IE X CAFFEINE X TASK group

INTERVAL IE CAFFEINE TASK

I - I I I

(mg/kg) R estioR Sim ple B£ Comolex RT

I 0 .0 2 .03 ( .17 ) 2 .0 1 ( .17 ) 2 .10 ( .1 4 )

I 1 .5 2 .10 ( .15 ) 2 .07 ( .12 ) 2 .11 ( .1 3 )

I 3 .0 2 .05 (.13) 2 .08 (.18) 2.09 (.12)

E 0 .0 2 .16 ( .23 ) 2 .27 ( .5 1 ) 2 .08 ( .3 0 )

E 1 .5 2 .23 ( .14 ) 2 .3 1 ( .16 ) 2 .20 ( .1 0 )

E 3 .0 2 .1 8 ( .13 ) 2 .16 ( .2 4 ) 2 .23 ( .1 4 )

I-V I 0 .0 3 .9 4 ( .21 ) 3 .8 9 ( .25 ) 3 .96 ( .21 )

I 1 .5 3 .9 2 ( .22 ) 3 .9 8 ( .2 4 ) 3 .9 8 ( .22 )

I 3 .0 3 .9 5 ( .18 ) 3 .9 5 ( .21 ) 3 .95 ( .1 9 )

E 0 .0 • 4 .22 ( .22 ) 4 .35 ( .52 ) 4 .07 ( .3 3 )

E 1 .5 4.16 ( .27 ) 4 .21 ( .2 5 ) 4 .12 ( .2 5 )

E 3 .0 4 .19 ( .1 4 ) 4 .12 ( .20 ) 4 .16 ( .2 3 )
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TABLE 2

Means and s t a n d a r d  d e v ia t i o n s  

f o r  th e  r e a c t i o n  t im e  (m easured i n  m i l l i s e c o n d s )  

o f ' i n t r o v e r t s  and e x t r a v e r t s  t o  t h e  d o t  and c r o s s  s t i m u l i  

f o r  each  IE X CAFFEINE X TASK group

STIMULUS

Dot

IE

I

I

I

E

E

E

CAFFEINE
(mg/kg)

0 . 0

1 .5

3 .0  

0 . 0

1 .5

3 .0

TASK
Sim ple RT Complex RT

290 (19) 

283 (24) 

283 (17) 

290 (31) 

288 (30) 

285 (25)

325 (26)

326 (28) 

328 (20) 

350 (50) 

338 (46) 

344 (36)

C ro ss .1
I

I

E

E

E

0 . 0

1 .5

3 .0  

0 . 0

1 .5

3 .0

353 (34) 

360 (35) 

346 (27) 

378 (51)

368 (43)

369 (38)



F ig u re  C a p tio n s  

F ig u re  JL. Mean C onduction  Time (msec) o f  Wave I-V  f o r  

i n t r o v e r t s  and e x t r a v e r t s  a s  a  f u n c t i o n  o f  CAFFEINE and 

TASK.

F ig u re  2 m. Mean R e a c t io n  Time (msec) o f  i n t r o v e r t s  and 

e x t r a v e r t s  a s  a f u n c t i o n  o f  CAFFEINE and TASK.
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