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AESTRACT 

B n  e x p e r i m e n t  was c a r r i e d  o u t  i n  o r d e r  t o  a s c e r t a i n  t h e  
i n t c r r  ? l a t i o n s h i p s  b e t w e e n  s ~ o n t a n e o u s  b r a i n  e l e c t r i c a l  
? i c + i v i t y  ( 3 E G )  a n d  e v e n t - r e l a t e d  slow p o t a n t i a l s  (ERP)  
d u r i n g  t h a  f o r m a t i o n  of a  s i m p l e  a s s o c i a  t i o n .  M o n o p o l a r  
r x o r d i n q s  o f  b r a i n  e l e c t r i c a l  a c t i v i t y  c o l l e c t e d  f r o m  
n o r m a l  f e m a l e  s u b j e c t s  were s u b j e c t e d  t o  s e r i a l  a m p l i t u d e  
m - a s u r e s  a n d  p o w e r  s p e c t r a l  a n a l y s i s .  A c q u i s i t i ~ n  t r i a l s  
w2re c o m p a r e d  t o  a p s u e d o c o n d i t i o n i n g  a n d  e x t i n c t i o n  se r ies ,  
w i t h  a  v a r i e t y  o f  s t a t i s t i c a l  t r e a t m e n t s .  A d e l a y e d  
c o n d l C i o n i n g  p a r a d i q m  was e m p l o y e d  f o r  t h e  p u r p o s e  of  
e s t a b l i s h i n g  t h e  r e l a t i o n s h i ~ s  b e t w e e n  s e v e r a l  i q d e x e s  o f  
a c q u i s i t i o n  a n d  e x t i n c t i o n ,  ~ u r i  ng the a c q u i s i t i o n  t r i a l s  
h i p h s s i c  s l o w  e v e n t - r e l a t e d  p o t e n t i a l s  were o b s + r v e d  i n  + h e  
S1--S2 5 n t + r v a l .  T h e s e  b i p h a s i c  r e s p o n s e s  were a c c o m p a n i 4  
by c h a n g e s  i n  t h e  s p e c t r a l  c c m p o s i t i c n  o f  + h e  s p o n t a n e o u s  
FRG. T h e  o v e r a l l  r e s u l t s  a r E  d i s c u s s e d  i n  terms o f  t h e  
c ~ n c c ? p t s  o f  o r i e n t i n g  a n d  h a k i t u a t i o n ,  a s  they a r e  r e f l ~ c ' ~ . l  
i n  Z E Z  i n d s x e s  o f  t h e  l e a r n i n q  p r o c e s s .  
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CHAPTER 1  

TNTEODUCT ION 

Tn t h e  o r i g i n a l  s t u d i e s  o n  t h e  e l e c t r i c a l  a c t i v i t y  of 

h r a i n ,  C a t o n  ( 1 8 7 5 ,  1877, 1 8 8 7 )  f o u n d  t h a t  when a s p e c l f i c  

3 r e a  o f  q r e y  mat ter  was i n  a s t a t e  of N f u n c t i o n a l  a c t i v i t y  

its s lect r ic  c u r r e n t  u s u a l l y  s x h i h i t s  n e g a t i v e  v a r i a t i o n "  

( B r a z i e r  1 9 6 1 ) .  Some 15 y e a r s  l a t e r ,  S e c k  ( 1 8 9 1 ,  see 

B r a z i e r  l 9 6 3 ) ,  n o t  k n o w i n g  cf C a t o n ' s  l a r l i e r  w ~ r k ,  a l s o  

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

c o r f i m e d  C a t o n ' s  r e p o r t  o f  t h e  a p p e a r a n c e  of n e g a t i v e  

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

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

~ e r ~ - p h e r a l  s t i m u l i  o n  the BEG w h i c h  r e a d s  a s  f o l l o w s :  

I n  a d d i t i o n  t o  t h ~  i n c r e a s e  o r  d e c r e a s e  

i n  t h e  o r i g i n a l  d e v i a t i o n  d u r i n q  

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

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

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

Y o v e v e r ,  t h i s  p h e n o m e n o n  w a s  n o t  t h e  

c o n s e q u e n c e  o f  light s t i m u l a + i o n  

s p e c i f i c a l l y  f o r  i t  a p p e a r s d  ui'h e v e r y  

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

n e r v e s .  { B r a z i e r  1 9 6 3 )  



Bock  w e n t  o n  t o  h y p o t h e s i z e  t h a t  t h e  d e v e l o p m s n t  3f 

e l e c t r o - n e g a t i v i t y  i n  an 3 r c a  o f  c o r + ~ x  i n d i c a t q s  t h e  

c r e a t i o n  o f  a n  " a c t i v e  s t a t e "  i n  c e n t e r s  l o c a t e d  t h e r e .  H? 

p e r f ~ r m e d  s e v e r a l  s t i m u l a t i c n  e x p e r i m e n t s  t o  i n d u c e  s t 9 a d y  

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

r e s u l t s  of w h i c h  c o n f i r m e d  h i s  h y p o t h e s i s .  B e c k ' s  t e a c h e r  

C y b u l s k i  p u b l i s h e d  p h o t c g r a ~ h s  o f  t h e  ~ n g o i n g  EEG a n d  so 

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

~t i m u l a + L o n ,  B r a z i e r  ( 1 9 6 1  ) s q u a c e s  t h e s ~  f a s t  f  r e q u z n c i e s  

w i t h  t h e  d e s y n c h r o n i z e d  a c t i v i t y  d e s c r i b e d  t o d a  y a s  

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

f i r s t  p i c t u r e s  o f  t h e  EEG, b o w e v e r ,  b e l o n g s  t o  

P r a v d i c  h-!?eminsky f r j razler  196 1 )  , T h e s e  f i n d i n g s  r P m l i n ? d  

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

p u b l i c a t i o n  o f  H a n s  B e r g e r ' s  work c o m m e n c i n g  i n  1 9 2 9  (SOP 

S l o o r  1 9 6 9 )  w h i c h  s h o w e d  t h a t  + h e  e l e c t r i c a l  a c t i v i t y  o f  

+ h s  b r a i n  ( e l e c t r o e n c e p h a l o g r a m ,  2 E G )  c o u l d  5 e  r e c o r d e d  i n  

F n C a c t  h u n a n s  a n d  t h a t  + h e s e  s p o n t a n e o u s  r h y t h m s  a l s o  

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

s t i m u l s t i o n .  

f S e r g e r  r e p o r t e d  t h a t  t h e  FEG of a q u i a s c s n t  human was 
I 
I \ d o m i c a t e d  by r h y t h m i c  a c t i v i t y  v a r y i n g  f r c m  8 1 / 3  t-n 1 1  1/2 
I 

I Hz w h i c h  h e  t e r m e d  t h e  a l p h a  wave ( - w ) ,  a n d  t h a t  s e n s o r y  

' . ; t i m u l a t i o n  r e s u l t e d  i n  the d i s a p p e a r a n c e  o f  t h e  a l p h a  

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



? e t a  w a v s s  ( - w ) .  No b a s e l i n e  s h i f t s  were r e p o r t e d .  

h l t h o u q h  n o  r e f e r e n c e  i s  made  t o  a n y  of t h e  a b o v e ,  J a s p q r  
- 

( 1 9 3 6 )  r a p o r t e d  s u p p r e s s i o n  of a l p h a  __ a c t i v i . t y  _-- l n  - h u m a n s  - w i t h  
--- - -_  

- - 
v i s u a l  .&&fiat-ion, Ae a l s c  n o t e d  t h a t  b l o c k i n g  o f  r h y t h m i c  - 
3 c t i v i t  y  31ay be  a c c o m p a n i e d  by a  p o s i t F v 2  p o l s r i z a t i o n  a n d  

+ h a + -  t h e  p o s t - p o s i t i v e  r e h o u n d  was a s s o c i a t e d  e i t h e r  w i t h  . ~ r .  

i n c r a a s e  i n  a l p h a  a m p l i t u d e  a n d  f r e q u e n c y  or ,  when ths 

n e g a t i v e  w s v e  was more p r o n c u n c e d ,  a  c ~ c t i n u e d  b l o c k i n 7  ~f 

r h y t h m i c  a c t i v i t y ,  He c o n c l u d e d  t h a t  a l p h 3  b l o c k i n g  

a c c o m p a n i e d  by a n e g a t i v e  s h i f t  w a s  i n d i c a t i v e  ~f a c o r t i c a l  
- 

9 * e x c i t a t o r y * t  s t a t ? ,  A p o s s i b l e  a s s o c i a t i o n  b e t w e e n  a l p h a  
-- - -- . -.--_ 

b l o c k i n g  a n d  n e g a t i v ~  b a s e l i n e  s h i f t s  was a l s o  d i s c u s s s d  b y  

? i s h o p  (1 9 3 6 )  , H h a i n b ~ r g e r  a n d  J a s p e r  11337) r o p l a c e d  t h ~  
# - -  

term l l e x c i t a t o r y l *  w i t h  1 1 a c t i v a t i o n  p a t t e r n "  t o  fiescribs --- th" 
--- - 

E E G - - . r e s p o n s e  t o  a n y  s t i m u l u s  c o n d i t i o n  which t e n d s  ta a r o u s e  

t h s  a n i m a l  ( c a t )  t o  a c t i v i t y  or i n c r e a s e  r . s u r o m u s c u l a r  

t ~ n s i o n ,  g i v i n g  the i m p r e s s i o n  o f  a l e r t n s s s ,  T h i s  c o m p l e t ?  

b l o c k i n g  o f  r h y t h m i c  e l e c t r i c a l  r e s p o n s e s  i n  t h e  c a t  w 3 s  

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

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

s t i m u l i .  T h e  work of M o r u z z i  a n d  Maqoun ( 1 9 4 9 )  a n d  L i n d s l - . y  

32 21. ( 1 9 4 9 )  o n  t h e  r e t i c u l a r  a c t i w t i n g  s y s t e m ' s  effscta 

o n  a r o u s a l  m e c h a n i s m s  a n d  EFG d e s y n c h r o n i z a t i o n  ( s y n o n o m o n s  

w i t h  b l o c k i n g  o r  s u p p r e s s i o n )  p r o v i d o d  s u p p o r t  f o r  J a s a e r ' s  

( 1  9 3 6 )  h y p o t h e s i s  o f  a c e n t r a l  a r o u s a l  m e c h a n i s n .  



S u b s ? q u e n t l y ,  t h e  a s s o c i a t i o n  of  t h i s  m e c h a n i s m  w i t h  + h e  

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

a t t e n c i v ? n . ? s s  a n d  o r i e n t i n g  h a s  g a i n s d  r e l a t i v e l y  w i d e s p r e 3 d  

a c c e ~ t a n c e  ( L i n d s l s y  1960) .  D u f f  y ( 1 9 6 2 ,  1972) h a s  a r g u e d  

s t r o n q l y  f o r  a n  e lec  t r o p h y s i o l o g i c a l  d e f i n i t i o n  o f  a r o u s 3 1  

a n d  h e r  c o n c e p t  o f  ' ( e n e r g y  m o b i l i z a t i o n f q  seems t o  f o l l o w  a  

p a r a l l e l  a r q u r n e n t .  S u b s e q u e n t l y ,  i t  h a s  q e n e r a l l y  beer, 

a s s u m e d  t h a t  t h e  p r e s e n c e  o f  l o w  v o l t a q ~ ,  f a s t ,  
-- - - .- -- ------._ _ _ _ _  _ - -- 

{ l a s y n c h r o n i z e d  EPG r e p r e s e n t s  " e x c i t a + i o n "  o r  " a c t i v a t i o n w  

3f n l u r a l  m e c h a n i s m s ,  w h e r e a s  t h e  s l o w e r ,  h i g h e r  a m p l i t u d e  
-- - - - -  - - - -- -- _ __-_ 

3 l p h q  r h y t h m  is a s i q n  of r e l a t i v e  i n h i b i t i o n  ( G r o s s m a n  
____---__.--- 4 -- -___ _I-- - -- 

7- -- 
1967 )  . 

L a t l r  s t u d i e s  h a v ~  n o t  i n  a l l  c a s s s  s u p p o r t e d  t h i s  

c o n c l u s i o n ,  a n d  s o m e  a u t h o r s  h a v e  s u g g 2 s t e d  t h l t  low 

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

( G r o s s m a n  1 9 6 7 )  . I n  s p i + . e  o f  t h i s  c o n f l i c t i n g  s v i d e n c e ,  

s u h s e q u a n t  r e s e a r c h  i n  EEG h a s  g e n e r a l l y  f c l l o w ~ d  the t r a i n  

o f  t h o u g h t  t h a t  a c o r t i c a l  c r  s u b c o r t i c a l  a res  is i n v o f v e d  

i n  + h e  t a s k  a t  h a n d  when i t  3 x h i b i t s  o n e  o r  morq  of t h +  

f o l l o w i n g  E E G  c h a c q e s :  ( 1 )  b l o c k i n q  o f  s p o n t a n a o u s  E E G  ari i  

a p p e a r a n c e  o f  l o w  v o l t a g e  f a s t  a c t i v i t y ;  ( 2 )  l a r g e r  e v o k e d  

~ o t c - n t i a l s  with s h o r t e r  l a t e n c i e s ;  a n d  ( 3 )  n e g a t i v e  s h i f t s  

i n  r z s t i n q  s t e a d y  p o t e c t i a l  b a s e l l n e ,  T h 3  m a j o r i t y  of 

i n v e s t i g a t i o n s  i n  t h e  a r e a  have e x a m i n e d  these? w a v e f o r m s  

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



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

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

r o t n n t i a l s  w i l l  c e n t e r  on c h a n g e s  i n  t h e s s  w a v e f o r m s  w h i c h  

h 3 v 4  h e e n  e l i c i t e d  i n  a p a r a d i g m  w h e r e  t h e  s u b j e c t ' s  t a s k  i s  

t~ form an i t a s s o c i a t i o n 9 '  between t w s  s t i m u l i  { S l - S 2  o r  

CS-'JCS, st-c,) , T h e  s u b s e q u e n t  c h a p t e r  r e v i e w s  t h p  r e l ? v ; l n c  

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

r ~ l a t e d  + o  t h i s  p a r a d i g m  a n d  t h u s l y ,  an i n t e r r ~ l a t i o n s h i p  

c a n  h e  p r e d i c t e d ,  



CHAPTER 2 

L I ' I E B A T U R E  REVIEA 

A l y b z  -- 
T h e  m a j o r i t y  o f  i n v e s t i g a t i o n s  c o c c e r n i n q  E E G  r a a c t i a "  s 

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

a l p h a  r h y t h m  a s  t h e  d e p e n d e n *  v a r i a b l e .  T h e r e  a r e  f o u r  

p o s s i b l o  r e a s o n s  f o r  t h i s :  (1 )  t h ~  T F G s  of a m a j o r i t y  

3 f  i n t a c t  h u m a n s  c c n t a i n  a  d e m o n s t r a b l e  a l p h a  r h y t h m ;  12) 

t h i s  r h y t h m  i s  g e n e r a l l y  l a r g e  i n  a m p l i t u d e  a n d  w e l l  d e f i n 3 4  

i n  c o m p a r i s o n  t o  o t h e r  w a v e f o r m s  i n  t h e  s p o n t a n l o u s  E E G ;  ( 3 )  

i t  r a s p o n d s  by w b l o c k i n q M  t c  v i s u a l  s t i m u l a t i o n  i n  a n  

, 3 b v l o u s  s a y  i n  t h ?  m a j o r i t y  o f  t h 9  population ? x h i b i t i c 7  it; 

a n d  ( 4 )  h i s t o r i c a l l y ,  i t s  b l o c k i n g  h a s  b e e n  a s s o c i a t e d  w i t h  

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

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

t h e  f i n d i n g  t h a t  a l p h a  b l o c k i n g  c o u l d  be c o n d i t i o n e d  was 

s e r e n d i p i t o u s ,  D u r u p  a n d  F f s s a r d  (1935)  were r x o r d i n q  t h 2  

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

c a m e r a ,  t h e  s h u t t e r  o f  w h i c h  p r o d u c e d  a n  a u d i b l e  " c l i c k H  

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

+ h e  s h u t t e r  @ ' c l i c k "  o c c u r r e d  w i t h o u t  t h s  v i s u a l  s t i m u l u s  a n d  

t h e  a l p h a  r h y t h m  b l o c k e d  a s  i f  t h e  l i g h t  h a d  h 2 n n  p r 9 s e n t s l .  

' ? h i s  b l o c k i n g  c o n t i n u e d  f o r  s e v e r a l  ~ r a s e n t a t i o n s  o f  t h s  

~ l c l i c k "  a l o n e ,  e v e n t u a l l y  e x t i n g u i s h i n g .  S i n c e  t h e  l g c l i c k M  



d i d  no+ e l i c i t  a l p h a  b l o c k i n g  p r i o r  t o  i t s  a s s o c i a t i o n  w i t h  

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

" c l i c k w  h a d  " a c q u i r e d "  t h e  a b i l i t y  t o  b l ~ c k  t h s  a l p h a  a n d  

+ h a t  i t s  a c q u i s i t i o n  a n d  e x t i n c t i o n  a p p e a r e d  t o  p a r a 1 1 2 1  

t h o s ?  f o u n d  f o r  o v e r t  m o t c r  r ~ s p o r s ~ s .  

T h s s e  p r e l i m i n a r y  f i n d i n q s  were q u i c k l y  c o n f i r m e d  b y  

t o o m i s  gt a&. ( 1 9 3 7 )  whc r e p o r t e d  t h a t  a n  a u d i t o r y  s t i m u l u s  

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

b e  mad? e f f e c t i v e  i n  b l o c k i n g  a l p h a  b y  p a i r i n g  i t  w i t h  a 

v i s u a l  s t i m u l u s .  C r u i k s h a n k  ( 1  937) a n d  J a s p e r  a n d  

C r u i k s h d n k  ( 1 9 3 7 )  d e m o n s t r a t e d  t h a t  a n  a u d i t o r y  s t i m u l u s  

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

r + s p ? n s e  a c q u i r e d  the a b i l i t y  t o  b l c c k  a l p h a .  T h e s e  

F i n d i n q c  were f u r t h e r  s u ~ p o r t e d  b y  T r a v i s  a n d  E g a n  ( 1 9 3 8 )  

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

d s p r 3 s s i o n  o f  a l p h a  a c t i v i t y )  o n  3 4 h f  +he t r i a l s  i n  w h i c h  

t h e  C S  a n d  UCS were p a i r e d  ( c c m p a r e a  t o  1 1 %  f o r  C S  a l o n e )  

2 n d  t h a t  b l o c k i n g  r e t u r n E d  t o  t h e  1 1 %  l e v e l  f o l l o w i n q  o n l y  

3-4 n o n r e i n f o r c e d  t r i a l s .  I n  c o n t r a s t ,  M a r t i n s o n  (see K n o t "  

a n d  H e n r y  1 9 4 1 )  was a b l e  t o  r e p l i c a t e  T r a v i s  a c d  E q a n ' s  

r e s u l t s  w i t h o u t  p a i r i n g  t h e  t o n e  w i t h  a l i g h t .  

A m o r e  e x t e n s i v e  e x a m i n a t i o n  of c ~ n d i t i o n e d  a l p h a  

b l o c k i n g  Mas c o n d u c t e d  by J a s p e r  a n d  S h a g a s s  ( 1 ' 3 4 l a )  who 

3 p p l i e d  s i m p l e ,  c y c l i c ,  d e l a y e d  t racf t ,  d i f f e r e n t i a l ,  

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



t o  the p r o b l e m .  I n  s o m e  c a s e s  e x t i n c t i o n  a n d  s p o n t a n e o u s  

r e c o v e r y  were a l s o  s h o w n .  Long d e l a y  a n d  t r ace  i n t e r v a l s  

( 9 - 1 0  sot) a p p a r e n t l y  r e s u l t e d  i n  b o r e d ,  s l e e p y  s u b j e c t s ,  a s  

s l o w  w a v e s  were n o t e d  i n  t h e  EEG. T h e y  a + . t r i b u t e d  + h e  

L n s t 3 b i l i t y  of t h e  r e s p o n s e  a n d  i ts  r a p i d  e x t i n c t i o n  t o  t h ?  

l o w  a o t i v a t i o n  of t h e  s e t t i n g ,  ? n  a s u h s s q u e n t  p a p e r ,  

J a s p e r  a n d  S h a g a s s  ( 1 9 4 1 b )  c o n c l u d e d  t h s t  t h e  s u b j e c t s  wer2 

n o t  p a c i c g  t h e  CS-UCS i n t s r v a l ,  a s  t h z i r  s ~ i b j e c t i v e  

( 3 s t i m a t e s  o f  t h e  i n t e r v a l  were c o n s i d e r a b l y  l o n g e r  t h a n  t h a  

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

( 1 9 4 3 )  wsro a b l e  t o  s h o w  a n  a c c e l e r a t e d  n c q u i s i  t i o n  c u r v e  

f o r  s u b j e c t s  r e c e i v i n q  p a r t i a l  r e i n f o r c e m e n t  (50% o f  C S 1 s  

f o l l o w e d  by  UCS) 3 s  c o m p a r e d  t o  s u b j q c t s  g i v e n  1 0 0 %  

r e i n f o r c e m e n t .  H o w e v e r ,  a s  K n o + t  ( 1 9 4 1 )  p o i n t s  o u t ,  t h e i r  

u s u a l  d e f i n i t i o n  of c o n d i  t i c n i n q  was e x t r ~ m e l y  l i b e r a l :  

" c o n d i t i o n i n g  was c o n s i d e r e d  e s t a b l i s h e d  when a t  l e a s t  Lwo 

c o n s e c u t i v e  r e s p o n s q s  t o  t h e  c o n d i  t i o n a d  s ' i m u l u s  o c c u r r e d  

i n  w h i c h  there w a s  a s u f f i c i e n t l y  l o n g  d e p r c s s i 9 n  of a l p h a  

r h y t h m  t o  b e  c l e a r l y  a r e s p o n s e  t o  th? s t i m u l u s  r a t h ~ r  t h a n  

a ' s p o n t a n e o u s '  v a r i a t i o n . "  

I n  v i e w  o f  K n o t t ' s  o b j e c t i o n ,  a n d  t h e  k n o w l e d q e  t h a t  

31m33st a n y  s t i m u l u s  s e l e c t e d  a s  a c o n d i t i o n e d  s t i m u l u s  w i l l  

i n i t i a l l y  b l o c k  a l p h a ,  t h e  q u e s t i o n  a r o s e  a s  t o  w h e t h e r  t h F s  

is + r u ?  c o n d i t i ~ n i n g  o r  m e r e l y  s e n s i  t i z a t i ~ n .  S i m i l l r l y ,  

; l o r o n i n  a n 3  S o k o l o v  (1960)  d i s c u s s e d  a l p h a  b l o c k i n g  a s  a 



c o m p o n e n t  o f  t h e  o r i e n t i n g  r e f l e x .  K n o t t  a n d  H s n r y  ( 1 9 4 1 ) ,  

d r a w i n g  o n  Mart i n s o n 8  s d a t a ,  a t t e m p t e d  t o  d i f f e r e n t i a t e  

s e n s i t i z a t i o n  f r o m  ' t t r u e w  c o n d i t i o n i n g  b y  u s i n g  a d e l a y e d  

c o n d i t i o n i n g  t a s k  w i t h  a 4 s e c o n d  i .s.i.  w h i c h  w o u l d  a l l o w  

3 m p l 3  t i m l  f o r  f u l l  r e c o v e r y  o f  a l p h a  b l o c k e d  b y  t h e  CS. 

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

T h e i r  r e s u l t s  were s o m e w h a t  e q u i v o c a l  i n  t h a t  t h e  b l o c k i n g  

was n o t  only e x c e p t i o n a l l y  l a b i l e ,  b u t  t h e  c o n d i t i o n a l  

S l o c k i n g  s h o w e d  e v i d e n c e  c f  i n h i b i t i o n  nf r e i n f 9 r c e m a n t .  

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

o s ~ u d o - c o n d i t i o n i n g  ( s e n s i t i z a t i o n )  t r i a l s  i n  o r d e r  t o  

h a b i t u a t e  t h e  a l p h a  b l o c k i n g  t o  t h e  C S  ( K l i n g  l 9 7 l ) .  

v  . ( 1 9 6 4 )  a c d  E i l s t e i x  (1965) e m p l o y e d  a 

l i g h t - a l o n e  se r ies  a f t e r  t o n e  h a b i t u a t i c n  a n d  d e m o n s t r s t e d  

s a n s i t i z a t i o n  by  s t o n e - a l o n e  ser ies  i m m e d i a t e l y  t h e r e a f t e r .  

Y s x o v e r  2; pf, i n f e r r e d  t h a t  s e n s i t i z a t i c n  d o e s  o c c u r  a n d  

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

t o  p a i r i n g  o f  t o n e  a n d  l i g h t ,  T o r r e s  ( 1 9 6 5 )  r e p o r t e d  

i n c o m p l e t ?  h a b i t u a t i o n  t o  t c n e s  p r i o r  t o  d i f  f e r 2 n t i a l l y  

p a i r i n g  t h e m  w i t h  l i g h t .  He ~ o s t u l a t e d  t h a t  t h i s  i n c o m p l e f - n  

h a b i t u a t i o n  may h a v e  b e e n  d u e  t c  * * t h e  s e n s i t i z i n g  e f f e c t  o f  

i n t e r s p e r s i n q  t w o  t o n e s  cf d i f f e r e n t  f r e q u e n c i e s , ~ '  H o w e v n r ,  

t h ~  p a i r i n g  o f  t o n e  w i t h  t h e  l i g h t  r s s u l t e d  ir? s i g n i f i c a n + l p .  

n o r 3  a l p h a  b l o c k i n g  r e s ~ o n s e  t h a n  p r e s e n t a t i o n  o f  e i t h e r  

t o n e  a l o n e .  



P u t n a y  ( l 9 6 6 ) ,  i n  r e v i e w i n g  t h i s  l i t e r a t u r e ,  c o n c l u d + l  

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

3rnplqyod i n  t h ?  a rea  c o u l d  a c c o u n t  f o r  t h e  q u e s t i o n  of 

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

a n d  S h a q a s s  1 9 4 1  a , b ) ,  i s  a weak  a n d  u n s t a b l e  p h e n o m c n 3  

( A l b i n o  a n d  B u r n a n d  1 9 6 4 ;  G a s t a u t  g& af. 1357; K n o t t  a n d  

H - n r y  1 9 4 1 ) ,  or  d o e s  not-  o c c u r  a+ a l l  ( S t e r n  & gl. 1 9 6 1 ) .  

S t e r n  22 $1. ( 1 9 6 1 )  n o t e d  a c o n s i s t a n t  i n c r e a s e  i n  s u b j e c t  

3 1 e r t n e s s  i n  h a b i t u a t i o n  ( t c n e  a l o n e ) ,  w h i l e  d u r i n g  

" c o n d i t i o n i n g "  t h e r e  was a c o n s i s t e n t  d e c r e a s e  a s  r e f l e c t e d  

by slow w a v e s  i n  t h e  i.t.i, T h e y  f u r t h 9 r  n o t e ,  a s  h a v ~  

L a i r y - B o u n e s  a n d  F i s c h g o l d  ( l 9 5 3 ) ,  t h a t  s t i m u l a t i o n  o f  

d r o w s y  s u b j e c t s  f r e q u e n t l y  r e s u l t s  i n  a l p h a  s n h a n c e m 3 n t  a n d  

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

b l o c k i n g  i n  t h s i r  s t u d y .  

P u t n 2 y  ( 1 9 6 6 ,  1 9 7 3 )  ~ n d  P u t n e y  22 a_l. ( 1 9 7 2 )  h a v +  

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

m o t o r  r e s p o n s e s  a n d  t h e  m e t h o d  o f  r e s p o n s e  q u a n t i f i c a + . i o n  IS 

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

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

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

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

+-he  p r e s e n c e  o f  o n e  f a c i l i t a t e s  i t .  T h e y  f u r t h n r  n o t e  t h ? ?  

t h e  s c o r l n g  m e t h o d  p i o n e e r e d  b y  P n o t t -  a n d  H e n r y  ( 1 9 4 1 )  --if 

t h r e e  o r  m o r e  w a v e s  i n  a  g i v e n  e p o c h  a r e  50% b e l o w  



p r p s - i m u l u s  w a v e s ,  b l o c k i n g  is  s a i d  t o  o c c u r - - i s  t o 9  

c o n s e r  v a + i v e  a c r i t e r i o n  f o r  d e f  i n i n q  a l p h a  b l o c k i n g .  T h i s  

l a s t  p o i n t  may well a c c c u n t  f o r  Wells9 ( 1 9 6 3 )  c o n t e n t i o n  

+ h a *  a l p h a  b l o c k i n g  i s  u ~ s t a b l e ,  a n d  may h e  a b s + n t  e v e n  

d u r i n g  p l l r e d  t r i a l s .  T h i s  p h e n o m e n o n  h a s  b e a n  n o t e d  by a 

n u m b e r  o f  i n v e s t i q a t o r s  ( G a s t a u t  gt 31. 1 9 5 7 ;  I t o  22 &. 
1 9 5 9 ;  M o r r e l l  1 9 5 8 )  a n d  Visser ( 1 9 6 3 )  s h o w e d  t h a t  

c o n d i t i o n z d  a l p h a  b l o c k i n q  d e c r e a s e d  q v e r  t r i a l s  w h i l e  t h e  

g a l v a n i c  s k i n  reflex d i d  n o t .  A d e c r e m e n t  i n  t h ;  r e s p o n s e  

q v e r  t r i a l s  was a t t r i b u t e d  t o  " i n h i b i t i o n  of r e i n f o r c e m e n t q x  

b y  K n o t *  a n d  H e n r y  ( l 9 ( r l ) ,  

A f u r t h e r  p r o b l e m  is t h a t  s u p p r e s s i o n  of  a l p h a  with a y e  

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

3 a r k o n e d  r o o m  is  n o t  t r u l y  ' i u n ~ o n d i t i o n e d , ~  R e d l i c h  -?;t, a l .  

( 1 9 4 6 )  f ~ u n d  that 1 2  of 1 0 0  s u b j e c t s  f a i l e d  to s h o w  a n y  

c h a n j e ,  a n 4  1 6  o n l y  s l i g h t  c h a n g e s ,  i n  a l p h a  w i t h  eye 

o p e n i n g ,  Wells ( 1 9 5 9 )  h a s  s h o w n  t h a t  a 3 soc l i g h t  w h i c h  

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

r e s u l t  i n  a l p h a  t t l o c k i n g .  J u s  a n d  J u s  ( 1 9 6 0 )  r s p o r t e d  t h a t  
l 

o v e r  t h e  c o u r s e  of t i m s  t h e  a l p h a  b l o c k i n g  r 5 s p o n s e  i s  

c h a n g e d  f r o m  a  q e n e r a l i z e d  reaction t o  a f o c a l  o n e ,  

I n  t h e  f o r e q o i n q  l i + e r a + u r e ,  f r e q u e n t  m e n t i o n  i s  m a d ~  
_____I-- - -- -- - - --- _.^___ - J 

- - -- -- 

* o  an i q a c t i v a + i o n  p a t t e r n "  ( R h e i n h e r g e r  a n d  J a s p e r  1 9 3 7 )  
-- -- - 



s e e n  a s  l o w  v o l t a g e  f a s t  ( b e t - a ) ,  d e s y n c h r o n i z e d ,  i r r e q u l a r  
-- 

-_ _--A 
4-- 

a c t i v i t y  w h i c h  w r e p l a c e s v  t te a l p h a  when t h e  l a t t e r  b l o c k s .  

TfiGs? c h a r a c t e r i s t i c s  make b e t a  w a v e s  e a s i l y  c o n f u s e d  w i t h  
- .  - -- - - - 

. i ce ion  p o t n n t i a l s  o f  th;. s c a l p  m u s c l e s  w h i c h  h a v e  a similqr 

f r e q u e n c y  r a n q e  ( G i b h s  a n d  G r a s s  1 9 4 7 ;  K a r k  1 9 4 7 ;  F i n l a y  
_-/ 

7 9 4 4 ) .  I n  a d d i t i o n ,  b e t a  w a v e s  a r e  n o t  r e a d i l y  a f f e c t e d  by  

f a c t o r s  w h i c h  m o d i f y  a l p h a  ( L i n d s l e y  1 9 4 4 ) .  A l t h o u g h  
-4- - - 
n u m ? r o u s  r e p o r t s  a r e  a v a i l a b l e  w h i c h  s h o w  c h a n g s s  i n  h + t a  

w i t h  v a r i o t i s  I s m e n t a l  t a s k s 1 1  f ? b , u n d y - C a s t l e  1 9 5 1 ,  1 9 5 3 ,  1957; 
-. ./----- -- - --- -- 

Berglr 1 9 2 9 ,  1930, 1 9 3 1 ,  1 9 3 2  i n  Gloor 1 9 6 9 ) ,  few s t u d i e s  - - - 

hav----Bon~ taaelgt~ b e t a  t o  p a i r e d  s t i m u l u s  c o n d i t i o n s  !.n 
---. --- - - -  - 

h u m a n s .  
---, 
II_ 

P a r h a p s  t h e  b e s t  known s t u d y  i s  t h a t  o f  Thompson  a n d  

O b r i s t  ( 1 9 6 3 ,  1 9 6 4 )  c o n c e r n i n g  t h e  E Y G  c o r r e l a t e s  cf v e r b a l  

l o 3 r n i n g  a n d  o v e r l e a r n i n g  i n  a s e r i a l  a n t i c i p a t i o n  p a r a d i g a .  

T h e y -  d i . v i d ? d  the EEG i n t o  a l p h a  ( 8 - 5 -  1 2 - 5  Hz) ,  beta [> 1 2 . 5  

Hz) ,  slow ( <  8.5 Hz), a n d  s u p e r i m p o s e d  f a s t  a c t i v i t y ,  

s e p a r a ' e  f r o m  b e t a ,  T h e  slcw a c t i v i t y  d i d  n o t  o c c u r  Fn  -- 
--- - 

s u f f i c i e n t  q u a n t i t y  t o  w a r r a n t  a s e p a r a t s  a n a l y s i s ,  T h a i r  

r e s u l t s  s h o w  a s i q n i f i c a n t  d r o p  i n  a l p h a  w i t h  c o r r e s p o c d i n ~  

i n c r 3 m e n t s  i n  b e t a  a n d  s u p e r i m p o s e d  a c t i v i t y  when c o r r e c t  

r e s p 9 n s e s  were f i r s t  b e i n g  e l i c i t e d ,  w h i c h  d i d  n o t  r e t u r n  t o  

c o n t  r o f  l e v e l s  w i t h  o v e r l e a r n i n g ,  S i m i l a r  f i n d i n g s  were 

r e p q r t r d  by  T h o m p s o n  a c d  T h c a p s o n  ( 1 9 6 5 )  w i t h  t h e  a d d i t i o n a l  

n o t e  t h a t  a l p h a  i n c i d e n c e  t c  a  g i v e n  n o n s e n s ?  s y l l a b l e  was 



L n i t F a l l y  h i g h ,  d r o p p i n q  t o  its l o w e s t  p o i n t  when th? 

s y l l a b l e  w a s  l e a r n e d ,  w i t h  a g r a d u a l  re t u r n  t o  p r e - l e a r n i c 3  

l e v e l s .  T h o m p s o n  a n d  O b r i s t  s u g g e s t e d  t h a t  EEG 

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

l e a r n i n g ,  n o t  a s  a r e f l e c t i o n  o f  t h e  s t r ? n g t h  o f  association 

b o n d s ,  b u t  r a t h d r  a s  a c o r r e l a t e  of f o c u s e d  a t t e n t i o n ,  Tn 

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

~ t t e n d e d  t q q q  were a s s o c i a t e d  w i t h  i n c r e a s e d  a l p h a  a n d  

d e c r 2 a s o r l  b e t a .  I n  a s u b s e q u e n t  s t u d y ,  T h o m p s o n  a n d  w i l s 9 n  

( 1  9 6 6 )  r e p o r t e d  t h a t  " g o o d  l e a r n e r s s 1  h a d  s i g n i f i c a n t l y  more 

h 2 t a  t h a n  l t p o o r  l e a r n 2 r s t 1  i r  a  p a i r e d  a s s o c i a t e s  p a r a d i g m .  

F r e e d m a n  sf ai. ( 1 9 6 6 ) ,  c n  t h e  o t h e r  h a n d ,  r e p o r t e d  a 

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

(5.5-8.5 Hz) a c t i v i t y  i n  t h e  f o r m  of a  r e c i p r o c a l  

r e l a t i o n s h i p ,  Beta a c t i v i t y  was seen 3s e x h i b i t i n g  

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

i n t e r p r e t e d  t h e s e  f i n d i n g s  t o  s h o w  t h a t  l e a r n i n 3  ( p a i r e d  

a s s o c i a t e )  is a s s o c i a t e d  w i t h  d e c r e a s i n g  a r o u s a l  ~ p p e a r i n g  

w o l l  i n  a d v a n c e  o f  r e s p o n s e  c h a n g e s .  

e i l o t o k i z a w a  a n d  F u  jimcri (1964)  s t u d i e d  t h e  a l p h a  

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

i n  D l ,  a2 a n d  3 3  a c t i v i t y  ( 1 3 - 2 0 ,  2 0 - 3 0  a n d  30-60 Hz) d u r i n g  

a l p h s  b l o c k i ~ g  t o  a 6 0  sec l i g h t ,  T h e y  o f f e r e d  n o  

e x p l 2 n a t i o n  f o r  t h e i r  f i n d i n g s .  



T h e  EFG was e x a m i n e d  d u r i n g  t h e  a c q u i s i t i o n  o f  a 

c o n d i t i o n e d  g a l v a n i c  s k i n  r e s p o n s e  b y  P o t o k a w a  a n d  H u z i m o r i  

(1 9 4 9 )  . T h e y  d i s t i n q u i s h e d  t h r e e  EEG r e s p o n s e s  w h i c h  t h e y  

+ e r m s d  I ' s x c i t a t  i o n  p o  t e n t i a  1s" ( " E P W )  : (1)  a l p h a  b l o c k i n g ,  

( 2 )  b e t a  3 u g m o n t a t i o n ,  a n d  (3) i r r e g u l a r  b a s e l i n e  

d e f l x t i o n s  o f  3-5 Hz. Motokawa a n d  R u z i m o r i  r e p o r t e d  t h a t  

C hrl, "EPn r e s p o n s e  d e v e l o p e d  d u r i n g  a c q u i s i t i o n ,  o c c u r r e d  

j u s t  b e f o r e  t h e  GSR, was more e a s i l y  2 s t 3 b l i s h e d  a n d  

r e s i s t e d  e x t i n c t i o n  l o n q o r  t h a n  t h e  GSR. Motokawa (1949 )  

s u b s s q u e n t l y  r e p o r t e d  t h a t  d i f f e r e n t i a l  li'?PN r e s p o n s e s  wer? 

n a s i + r  t o  establish t h a n  p e r i p h e r a l  r e s p o n s e s  t o  t h e  same 

s t i m u l u s .  T h e s e  f i n d i n g s  w E r e  e x t e n d e d  t o  c o n d i t i o n e d  

s a l i v a r y  r e s p o n s e  i n  h u m a n s  b y  Xwama a n d  Ahe ( 1 9 5 2 )  w h i c h  

was 3150 p r e c e d e d  b y  " E P ' S . ~  S t u d i e s  by fwama (1950)  a n d  

Twama a n d  Abe ( 1 9 5 3 ) ,  h o w e v e r ,  s h o w e d  t h e s e  "EPlI r e s p o n s e s  

t o  b+ u n s t a b l e  o v e r  t r i a l s ,  b e i n g  r e p l a c e d  u l t i m a t e l y  by  

a l p h s  a c t i v i t y .  

B e t 3  b u r s t s  h a v e  a l s o  been r e p o r t a d  t o  o c c u r  i n  t h e  

f r o n t 3 1  ~ r b i t a l  a n d  p a r a  c i n g u l a t e  a r e a s  o f  o n e  p a t i a n +  

d u r i n g  t h e  p e r f o r m a n c e  o f  a r e a c t i o n  time t a s k  (Kamp 22 p l .  

1 9 7 2 ;  S + o r m  v a n  L s e u w e n  a n d  Kamp 1 9 7 3 ) .  T h e  b u r s t s  were 

p r o m i n E n t  e a r l y  o n  i n  t h e  e s p e r i m ? n t ,  d i m i n i s h i n g  w i t h  

repetition o f  tho t a s k  o v e r  s e v e r a l  d a y s .  

A l t h o u g h  n o t  d i r e c t l y  c c m p a r a b l e  +o a c o n d i t i o n i n q  or 

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



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

p a r a d i g m s .  K n o t t  ( 1 9 3 9 )  a n d  B a k e s  ( 1939 )  were a b l e  t o  

r e l 2 t e  t h e  l a t e n c y  o f  t h e  a l p h a  b l c c k i n q  r e s p o n s e  t o  

r e a c t i o n  time i n  b o t h  s i m p l e  a n d  c h o i c 2  r e a c t i ~ n  t i m s  

p a r a d i g m s .  S u b s e q u e n t  s t u d i e s  f o c u s 2 d  m3re o n  the present? ~r 

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

t h o s e  s h o r i n g  s h o r t e r  r e a c t i o n  time t o  b e  a s s o c i a t e d  w i t h  

1 l p h 3  b l o c k i n g  t o  a  w a r n i c g  s t i m u l u s  ( x o n n i e r  1352 ;  L a n s i n g  

e t  s l -  l 9 5 9 ) ,  a n d  t h o s e  w h i c h  s h o w e d  t h a t  a l p h a  b l o c t i n g  -- -- 
w a s  n o t  s i q n i f i c a n t l y  r e l a t e d  t o  r e a c t i o n  time ~ h e n  n o  

w a r n i n g  s t i m u l u s  was p r e s e n t  ( F e d i o  zt sf. 1961 ;  L a n s i n q  22 

1 1 9 5 9 )  T h o m p s o n  a n d  B o t w i n i c k  (1966)  e x a m i n e d  t h e  r o l ?  -- 

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

h e t w e e n  a l p h a  b l o c k i n g  a n d  r e a c t i ~ n  time. T h e i r  d a t a  d i d  

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

t h a t  t h ?  a l p h a  b l o c k i n g  a n d  b e t a  a c t i v i t y  d i d  a p p e a r  ta bs 

r s l a t e d  t o  a n t i c i p a t o r y  s e t ,  A s u b s e q u e n t  s+udy b y  L e a v i t '  

( 1 9 6 8 )  c ~ n f i r m s  t h e  f i n d i n g s  o f  T h c m p s e n  a n d  B ~ t w i c i c k  t h a t  

a l p h a  b l o c k i n g  a n d  r e a c t i o n  time d o  n o t  c o v a r y  w i t h i n  t h e  

c o n t s x t  o f  a f o r e p e r i o d  r e a c t i o n  +ime p a r a d i g m ,  B o t h  sets 

of a u t h o r s  s u q q e s t  t h a t  b e h a v i o r a l  a n d  E E G  a r o u s a l  p a t t e r n 3  

a r e  n o t  o n e  a n d  t h e  same. 

~ l t h o u g h  be t a  is g e n e r a l l y  v i e w e d  a s  a n  i n d i c a t o r  of  

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

i s  n o t  on..-to-one, F r e e d m a n  2% a&, ( 1 9 6 6 )  s u s p e c t e d  



" t . h a +  u p p e r  f r e q u e n c i e s  m e r e l y  becom.3 more v i s i b l e  a s  a l p h a  

d e c r e a s e s w  a n d  t h a t  "it: is  r r o b a b l e  t h a t  t h e s e  f r e q u e n c i e s  

3 r 9  n r e s e n t  w h 2 t h e r  o r  n o t  l e a r n i n g  o c c u r s . "  M u n d y - C a s t l e  

( l 9 5 l ) ,  o n  t h e  o t h e r  h a n d ,  F r o p o s e s  t w o  c l a s s i f i c a t i o n s  o f  

be*a, 31 2 n d  B 2 ,  w i t h  B1 s h c w l n g  s u p p r e s s i o n  d u r i n g  m e n t a l  

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

f r q q u e n c y ,  w i t h  B 2  a u g m e n t e d  b y  t h e  same. 

B o t h - - g e l t a  (< 4 Hz) a n d  t h e t a  (4 -7  Hz) , a s  o r i g i n a l l y  - 

$ d e f i n e d  by  Walter ! !.P W a l t e r  a n d  D o v e y  ( l 9 4 4 ) ,  a r e  
--" -1 

--- .-----. --- -- 

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

n o t ? d  i n  + h e  E E G s  -of l_"normalw a d u l t s  i n  t h o  am&q s t a t e  --- - -- 

(Cohb  1 9 6 3 ) .  T h e i r  a p p e a r a n c e  - . -  is g e n q r a l l y  taken a s  a s i g i l  - - - - 

of d r o w s i n ~ s s &  - ( R e c h t s c h a f  fen a n d  K a l e s  1 9 6 3 )  , o r  - 
c e r e b r a l  p a t h o l o a y  ( W a l t e r  1 9 3 6 ;  Walter a n d  ~ o v 3 y  1 9 4 4 ) .  

- .---- - - 

T h e r e  a r e  r e p o r t s  i n  t h e  l e a r n i n g  a n d  c o n d i t i o n i n g  

l i t e r a t u r z  w h i c h  s h o w  f o c a l  slow w a v e s  ( s p 9 c i f i c  f r e q u e n c y  

u s u q l l y  g i v e n  a s  < 7.0 Hz) t o  c c c u r  d u r i n q  c o n d i t i o n i n q  

p a r a d i g m s .  G a s t a u t  2% 21. ( 1 9 5 7 )  i n  t h e i r  c l a s s i c  

c o o p s r 3 t i v e  s + u d y  o n  t h e  c o n d i t i o n e d  b l o c k i n g  o f  b o t h  a l p h 3  

a n d  R o l a n d i c  r h y t h m s  ( r h y t h m  e n  a r c e a u ,  C o b b  1 9 6 3 )  r e p o r t e d  

t h a t  i f  p a i r e d  s t i m u l i  were p r e s e n t e d  a f t 5 r  f o r m a t i o n  o f  tkz 

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

a n ~ l i t u d o  a l p h a ,  R o l a n d i c  a c t i v i t y ,  3r s l o w  w a v 2 s .   he 



a p p e a r a n c e  o f  t h e  s l o w  w a v e s  was i n t 3 r p r e t s d  a s  a s i g n  of  

c 9 n t r a l  i n h i b i t i o n .  

E m p l o y i n g  s o u n d  a s  C S  a n d  f i n g e r  s h o c k  a s  t h e  UCS, 

A l ~ x a n d e r  (1958) e x a m i n e d  a l p h a  b l o c k i n g  a n d  G S R  r e s p o n s e s  

Fn n x m a l  2 c d  p s y c h o t i c  c u b j e c t s .  HD n o t e d  o c c a s i o n a l  

r e d u c t i o n s ,  d e l a y s ,  o r  d i s a ~ p e a r a n c e  o f  t h e  a l p h a  a n d  G S R  

r e s p o n s e s  ( " c e n k r a l  i n h i b i t i o n " )  , w i t h  t h e  E 8 G  b e c o m i n g  

h y ~ ~ r 3 y n c h r o n o u s  d u r i n q  t h e s e  p e r i o d s .  On t h e  b 3 s i s  of a 

p r e l i m i n 3 r y  v e r b a l  i n s t r u c t  i o n ,  Y a y o r c h i k  22 31. (1 958)  

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

t o  s 9 u n d .  D u r i n g  t h a  e s t a b l i s h m e n t  o f  t h o  r e f l e x  t o  s o u n d  

+ h s  E9G s h o w e d  a l p h a  d e p r e s s i o n .  S u h s e q u e n t l y ,  a t  t h e  f i r s c  

s t3ges  of  t h e  d ~ v e l o p m e n t  o f  i n h i S i t i z n  q f  d e l a y  when t h e  

s e c o n d  s t i m u l u s  was s e p a r a t e d  f r o m  + h e  l i g h t  s t i m u l u s ,  c ls4r 

c u t  s l o w  w a v e s  a p p e a r e d  i n  a l l  c o r t i c a l  a r e a s ,  After 

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

t o  t h e  m o t o r  a rea  i n v o l v e d .  T h e y  e x ~ l a i n e d  t h i s  a s  t h e  

' f c o n c e n t r a t i o n  o f  i n t e r n a l  i n h i b i t i ~ n , ~ ~  

s i m i l a r l y ,  G r i n d e l  a n d  s p i r i n  (1958) s h o w e d  t h a t  when a 

m o t o r  movement  was  c o n d i t i o c e d  t o  a n  a c o u s t i c  s t i m u l u s  d e l t a  

waves a p p e a r e d  i n  t h e  m o t c r  a r e a  i n  r e s p o n s e  t o  t h e  f i r s t  C S  

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

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

t h e  o c c i p i t a l  a r e a s .  T h e  d e l t a  w a v e s  were r e p l a c e d  b y  



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

w p r e s s l g )  a n d  t h e  m o t o r  noveffient .  H o w e v e r ,  when t h e  m o t o r  

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

r e i n f o r c . ? m e n t  t h r  d e l t a  w a v e s  were n o t  o b s e r v e d .  W h e n  t h o  

c o n d i t i o n e d  r e a c t i o n  war r e v e r s e d ,  s l o w  ((1-5 Hz) w a v z s  

3 p q e a r e d  i n  t h e  Z E G  o v e r  t h e  m o t o r  a r ea  i n  r e s p o n s e  t o  t h o  

f i r s t  CS. T h e s e  s l o w  w a v c s  were s u b s e q u e n t l y  r 5 p l a c ; d  b y  

f a s t e r  r ~ q u o n c i e s ,  A g a i n ,  " i n h i b i t i o n "  was i n v o k e d  2s t h ?  

s x p l a n a t i o n  f o r  t h e  a p p e a r a n c e  of  t h e s e  w a v e f o r s s .  Verbal  

r e i n f o r c e m 2 n t  was a l s o  u s e d  b y  P e i m e r  a n d  F a d e y o v a  (1958) :o 

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

s t i m u l a t i o n .  They s h o w e d  t h a t  i n  some s u b j e c t s  t h e  

d e p r e s s i o n  o f  a l p h a  r h y t h m  d u r i n g  t h e  C S  was a c c o m p a n i 3 d  b y  

a s i ~ u l t a n o o u s  a p p e r a n c e  of d e l t a  a c + i v i t y .  T h s s a  s l o w  

w a v e s ,  w h i c h  wsre n o t  e l i c i t e d  by t h e  c u + a n e o u s  s t i m u l u s ,  

a p p e a r e d  i n  t h e  p a r i e t o - c c c i p i  t a l  a r 5 a s  d u r i n q  t h e  f i r s t  

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

f o l l 3 w i n g  the m o t o r  r e s p o n s e .  S u b s e q u e n t  s t i m u l u s  p a i r i n 7 3  

r e s u l t e d  i n  t h e  a c t i v i t y  s h i f t i n g  t o  t h ~  b e g i n n i n g  o f  t h 2  

Zs. D u r i n g  f o r m a t i o n  o f  m o t o r  c o n d i t i o n e d  r s f l e x e s  

C h r i s t i a n  ( 1 9 6 0 )  o b s e r v e d  g e n e r a l i z e d  EFG c h a n g e s  i n  t h e  

form of a d e p r 2 s s i o n  of a c t i v i t y  s i m u l t a n e o u s l y  w i t h  f x a l  

s l o w  a c t i v i t y .  He p o s t u l a t e d  + h e  g e n e r a l i z e d  d e p r e s s i o n  %J 

b e  a c o r r s l a t e  of a " s u r p r i s e  e f f e c t "  w h e r e a s  t h e  f o c a l  s l o w  

wave.3 wera of a n  i n h i b i t c r y  n a t u r e .  



O t h o r  i n v e s t i g a t o r s  (Iwama 1 9 5 0 ;  Iwama a n d  Abe 1 9 5 3 ;  

Y o r r ~ l l  a n d  Ross 1 9 5 3 ;  Motokawa a n d  H u z i m o r i  1 9 4 9 )  n o t e d  

t h 3 t  i f  t h ~ f  CS-UCS i n t e r v a l  was p r o l o n g e d  t h e n  the 

q e s y n c  h r o n i z a t i o n  u s u a l l y  p r e s e n t  t h r o u g h o u t  t h e  i n t e r v a l  

d a s  o f t e n  i n t e r r u p t e d  b y  h y p e r s y n c h r o n o u s  b u r s t s ,  T h e s .  

s l o w  b u r s t s  g a v e  way t o  a b r i e f  b u r s t  o f  b e t a  j u s t  p r i o r  to 

t h e  UCS. I n  d i f f e r e n t i a l  c o n d i t i o n i n g  p a r a d i g m s  th3 

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

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

(1970)  d i v i d e d  t h e  CS-IJCS i n t e r v a l  i n t o  two h a l v e s ,  

inhibition a n d  e x c i t a t i o n ,  w i t h  slcw s y n c h r o n o u s  a c t i v i t y  

b e i n g  e q u 3 t e d  w i t h  t h e  i n h i k i t i o n  i n  t h e  first h a l f  o f  t h e  

i n t ? r v a l ,  arid k , 2 t a  a c t i v i t y  a p ~ e a r i n q  i n  the l a s t  h a l f .  H7 

n o t e d  t h a t  i f  t h e  s u b j e c t  h a p p e n e d  t o  b e  d r o w s y  t h e  o r d e r  3f 

a n p e a r a n c e  was r e v e r s e d ,  e x c i t a t i o n  t h e n  i n h i b i t i o n ,  a s  was 

t h e  a p p e a r a n c e  of t h e  EEG c c n c o m i t a n t s .  

T h e s e  o b s e r v a t i o n s  s u g g e s t  t h a t  h y p e r s y n c h r o n o u s  slow 

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

{ ? l o r r e 1 1  1 9 6 1 ) .  A s imi l a r  c o n c l u s i o n  was r e a c h l d  b y  F o w l a n d  

( 1 9 5 7 )  c o n c e r n i n g  h y p e r s y n c h r o n o u s  slow w a v e s  seer! i n  t h ~  

ca t  f o l l ~ w i n g  p r e s e n t a t i o n  o f  a n  u n r e i n f o r c e d  C S ,  

P a r 3 d g x i c a l   increment.^ i n  t h e t a  a c t i v i t y  h a v e  s l s o  b e 3 n  

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

c h i l d r e n .  Tn h i s  i n i t i a l  d ~ s c r i p t i o n  o f  t h i s  p a t t e r n ,  

T.tal+sr ( 1 9 5 0 )  s t a t e d  t h a t  i t  c o u l d  b e  e l i c i + a d  b y  a n y  



p l e a s u r a b l a  s t i m u l u s .  S u b s e q u e n t l y ,  W a l t e r  ( 1 9 5 9 )  

e r n p h a s i z s d  the a b i l i t y  of u n p l ~ a s a r t  s t i m u l i  t o  e v o k a  t h i s  

r e s p o n s e .  U n p l e a s a n t  e m c t i c n a l  s t a C e s  a c c o m p a n y i n g  

r e p e t i t i v e  p h o t  ic s t i m u l a t i c n ,  P m b a r r a s s r n e n t ,  a n d  f r u s r r a t i o ?  

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

Y i u n d y - C a s t l e  ( 1 9 5 1 ,  1 9 5 3 )  . A f o u r - f o l d  c l a s s i f  i c a t i o n  o f  

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

sti n t u l i  # a s  s u b s e q u e n t 1  y  p r c p o s e d  b y  Y u n d y - C a s t l e  (1957)  , 

Y o r e  r e c e n t l y ,  B e r k h o u t  21, ( 1 9 6 9 )  h a s  s h o w n  s l o w  

~ c t i v i t y  t o  b e  p r o m i n e n t  i n  EEGs o f  s u b j e c t s  a n s w e r i n g  

+ m o t i o n a l l y  l a d e n  p e r s o n a l  q u e s t i o n s .  M a u l s b y  ( 1 9 7 1 )  

c o n c l u d e d  from t h e  d a t a  o n  c n s  i n f a n t  t h a t  i t  c 3 u l d  h +  

? l i c i + e d  ~y e i t h ? r  p l e a s u r e  o r  d i s p l 2 a s u r e  a n d  l a b e l l e d  it 

" h e d l > n i c  h y p e r s y n c h r o n y . "  P e r i o d  a n a l y s i s  o f  B o r m a n 9 s  E E G  ?P 

G e m i ? i  VII r e v e a l e d  s e v e r a l  l o n g  e p o c h s  d o m i n a t e d  b y  thet3 

a n d  d e l t a  a c t i v i t y  w h i c h  c c i n c i d e d  w i t h  a  b e h a v i o r a l  statc 

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

a a l f u n c t i o n  ( B u r c h  2% 22. l 9 6 7 ) ,  

I n  s p i t e  of t h e s e  s p e c i a l  c a s e s  i n  w h i c h  slcw a c t i v i t y  

may b e  a s s o c i a t e d  w i t h  h i g h  a r o u s a l ,  t h e  m a j o r i t y  of t h e  

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

i n h i b i t o r y  s t a + e  ( G r o s s m a n  1 9 6 7 ;  G a s t a u t  1 9 5 7 )  . 
In s u m m a r y ,  e i t h e r  cf two b a s i c  t y p e s  of c h a n g e s  i n  t n e  

s p o n t 3 n m u s  E E G  may b e  s e e n  d u r i n g  t h e  i n t e r v a l  b e t w e e n  p a i r s  

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



The. f i r s t  b l o c k i n g  o f  o n q o i n g  a c t i v i t y  ( s e n e r a l l y  a l p h a )  arid 

t h s  a p p e a r a n c e  o f  b e t a  a c t i v i t y  is g e n e r a l l y  s e ? n  w i t h  s h o r t  

i n t ~ r s t i i n u l u s  i n t e r v a l s  ( 1 - 3  sscsf a n d  fsw t r i a l s .  T ~ P  

y e c o n d  b l o c  k i n g  o f  o n g o i n g  a c t i v i t y  3 nd a p p e a r a n c e  o f  

h y p ~ r s y n c h r o n o u s  slew a c t i v i t y  o c c u r s  w i t h  l o n y 3 r  

i n + ~ r s t i m u l u s  i n t e r v a l s  ( 4 - 1 5  sec) a n d  a  l a r g e r  n u m h z r  o f  

+rials. T h e  f i rs t  t y p e  i s  g e n e r a l l y  a s s o c i a t e d  w i t h  a r o u s a l  

o r  a c + i v & t i o n  w h e r e a s  t h e  s E c o n d  h a s  b e e n  l i n k s 3  t o  

i n h i b i + i g n ,  

SLCW FOTEKTIALS 

S t e a d y  P o t a n t i a l s  ----- ---------- 

S u b s e q u e n t  tc t h e  work of C a t o n  a n d  B x k ,  + h e  

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

a l i m i n a t s d  slow p o t e n t i a l  (SP)  c o m p o n e n t s  f r o m  

i n v e s t i g a t i o n s  i n t o  t h e  e l e c t r i c a l  a c t i v i t y  o f  b r a i n  ( F E G )  

u n t i l  + h e  l a t e  1 9 4 0 ' s  a n d  e a r l y  1950's.  

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

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

a n d  s u b j a c a n t  w h i t e  mat ter  r h i c h  d o e s  n o t  f l u c t u a t e  b y  nor? 

t h a n  0.5 m i l l i v o l t s  o v e r  s e v e r a l  h o u r s  a n d  on w h i c h  t h c  

c o n v 2 n t i n a l  EEG " r i d e s w  ( 0 '  L e a r y  a n d  G o l d r i n g  1 9 6 4 ) .  T h e s e  

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

i n  " s t a t s W  of t h e  o r g a n i s m ;  f o r  e x a m n l e ,  a w a k e - a s l e e p  ( W u r t z  

1965)  o r  d u r i n q  e p i l e p t i c  s e i z u r o s  ( C a s p e r s  a n d  S p e c k m a n  

1 9 6 9 ) .  A l t h o u g h  i t s  p r e s e n c e  i n  s u b - h u m a n  s p e c i e s  i s  will 



d o c u m e n t e d  ( C ' L e a r y  a n d  G o l d r i n g  1 9 6 4 ;  O ' L o a r y  1 9 6 3 ) ,  i ts  

s x i s t e n c e  i n  man h a s  n o t  b e e n  e x t e n s i v e l y  i n v e s t i g a t e d  

( C h a t r i a n  gt a&. 1 9 6 8 ;  C o w e r  1 9 7 4 :  G o l d r i n g  52 ql- 1 9 5 8 ) .  

I n  c o n t r a s t  t o  W u r t z 8 s  ( 1 9 6 5 )  f i n d i n g s  i n  a n i m a l s ,  D a v i s  22 

31. (1933) r e p o r t e d  n o  c c r r s l a t i c n  b e t w e e n  s t a g e s  of  s l ~ n p  -- 

a n d  slow p o t e n t i a l s  i n  humac  s u b j e c t s ,  

S l o w  p o t e n t i a l  s h i f t s  c r  c h a n g e s  ( S P C s )  a r e  r e l a t i v e  

c h a r g e s  i n  SP i n  'ime, g e n e r a l l y  i n  r e s p o n s e  t o  d i s c r e t e  

s t i m u l i  ( R o w l a n d  1 9 6 8 ) -  T h e s e  s h i f t s  sre d e s c r i b e d  b y  t h o  

f o l l a w i n q  p a r a m e t e r s :  p o l a r i t y - - e i t h e r  p o s i t i v e  or 

n e g a t i v e ,  d e p e n d i n q  o n  d i r e c t i o n  f r c m  s o m e  a r b i t r a r y  zer9 

S a s s l i n e ,  r e c o r d i n q  c o n v e n t i o n ,  a n d  r e f e r e n c e  s i t e  i f  

f l ; n o n o p o l a r w  r e c o r d  i n q  i s  e r n ~ l o y e d ;  a m p l i t u d e - - m a g n i  t u d c  o f  

t h e  ~ h i f t  f r o m  b a s e l i n e  e i t h e r  i n  m i c r o v o l t s  or  m i l l i v o l t s ;  

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

A t h i r d  c l a s s  o f  s lcw p o t e n + i a l s ,  r e f 3 r r e d  + o  a s  i n f r 3  

s f o w  r h y t h m i c  o s c i l l a t i o n s ,  a r e  s l o w  f r e q u e n c y  c h a n g e s  o f  0.5  

t o  8 / m i n  w h i c h  may d e v e l o p  ~ p o n t a n e o u s i y  o r  a p p e a r  20-30 

m i n u t e s  a f t e r  i n t e n s e  s s n s o r y  s t i m u l a t i o n  ( A l a d j a l o v s  1957,  

1 9 6 9 )  . 

S l o w  P o t e n t i a l  C h a n q f ~  ---- -------- ---- 
O f  p r i n c i p l e  i n t e r e s t  t o  t h i s  r e v i e w  a r e  t h o s s  

w a v ~ f o r m s  r e f e r r e d  t o  a s  slow p o t e n + . i a l  c h a n g e s ,  i , e . ,  t h o 5 3  

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



" l r re l l  (1960)  is g e n e r a l l y  c r e d i t e d  w i t h  t h e  f i r s t  

d e m o n s t r a t i o n  t h a t  S P C s  c o u l d  b e  c o n d i + i o n e d .  !ie c o m b i n a d  

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

s t i m u l a t i o n  t o  ? l i c i +  a n  SPC i n  t h e  c o r t s x  i p s i l a t e r a l  t o  

the s i t e  o f  s t i m u l a t i o n .  T h ~ s e  SPCS were frequently h u t  n o +  

1 l w 3 y s  a s s o c i a t e d  w i t h  EEG d o s y n c h r o n i z a t i o n .  T h e s e  c h a n g s s  

were interpreted a s  r 2 f l e c t i n g  a I f d e n d r i + i c  l o c u s  o f  

c l o a t l r ~ . ~  S h v e t s  (1969-70)  arid B u s i n o v  2f; a&, (1969) h a v o  

r s c o r d e 3  S P C s  d u r i n q  f o r m a t i o n  o f  c o n d i t i o n e d  r o f l e x e s  i n  

r a b b i t s ,  s i m i l a r  t o  t h o s e  r e p o r t ~ d  b y  Y o r r e l l .  

T h e  s u g g e s t i o n  t h a t  S P C s  a r e  r e f l e c t i o n s  of l o c i  i n  

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

r e c a n t l y  r e v i e w e d  b y  R u s i n o v  11973).  T h e  d o m i n a n t  f x u s  

c o n c ? p ?  l m p l i e s  t h a t  a s s o c i a t i o n  b e t w e e n  a s t i m u l u s  a n d  a 

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

by a l o w - l s v e l  s o m a t o s P n s o r y  c o r t i c a l  p o l a r i z a t i o n .  The 

p o l a r i z a t i o n  i t s e l f  i s  i n c a ~ a b l e  o f  e l i c i f i n q  t h e  r e s p o n s e ;  

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

t h e  c ~ n t r a l  s y s t e m ,  u s u a l l y  a u d i t o r y ,  t o  form a t e m p o r a r y  

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

r e s p o n s e .  I n  h i s  e x c e l l e n t  r e v i e w ,  a u s i n o v  p o i n t s  t o  + h a  

c l o s e  s i m i l a r i t y  b e t w e e n  the m e c h a n i s a s  o f  f c r r n 3 t i o n  o f  t h e  

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

~ h s t  t h i s  e x o g e n o u s  p o l a r i z a t i o n  a p p e a r s  t o  s i m u l a t e  a n  SPL' 

s i m i l a r  t o  t h a t  f o u n d  b y  Yorrell a n d  o t h s r s  l e d  R o w l a n d  

( 1 9 6 8 )  t o  p o s t u l a t e  t h a t  + h e  a p p l 5 ~ d  c u r r e n t s  a n d  S P C s  n i q h t  



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

3f  the t e m p o r a r y  c o n n e c t i o n ,  i. e., l ~ a r n i n g .  

P e r h a p s  t h e  m o s t  e x t e n s i v e  work  i n  t h i s  a r e a  h a s  b e e n  

c o ~ d u c t e d  i n  c a t s  a n d  r a b b i t s  b y  R o w l a n d  ( 1 9 6 3 ,  1 9 6 8 )  a n d  

h i s  c o l l e a g u e s  ( R o w l a n d  a n d  G c l d s t c c ?  1 9 6 3 ;  R o u l a n d  g& ql. 

1967; R o w l a n d  a n d  A n d e r s o n  1 9 7 1 ;  R o w l a n d  a n d  D i n e s  1 9 7 3 ) .  

T h e y  h a v e  e x a m i n e d  b o t h  t h e  S P  a n d  SPC t o  3 v a r i e t y  of 

s t i m u l i  3 n d  b e h a v i o r a l  s l t u a t i o n s  ( e a t i n q ,  d r i n k i n g ,  s + x u a l  

stimulation, e l e c t r i c a l  b r a i n  s t i m u l a t i o n ,  c o n d i t i o n i n g )  a n d  

h a v e  r e p e a t e d l y  s h o w n  t h e  t k o  t o  be  s e p a r a b l e  e v e n t s .  Tn 

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

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

a m p l F ?  u d a  w i t h  r e p e a t e d  s t i ~ u l u s  p r s s e n t a t i o n s ,  b u t  3 r 2  

r e t a i n e d  t o  r e i n f o r c i n g  s t i m u l i  a s  a  f u n c t i o n  o f  d r i v e  l e v 3 1  

a n d  may b e  a c q u i r e d  i n  a c l a s s i c a l  c o n d i t i o n i n g  p a r a d i q m  t? 

p r e v F o u s l y  n o n r e i n f o r c i n y  s t i m u l i .  T h e s e  f i n d i n g s  h a v 2  

s u y g 2 s t e d  t o  R o w l a n d  a n d  h i s  c o l l e a g u e s  t h a t  S P C s  may 

r e f l + c t  t h s  H u l l i a n  c o n c e p t  o f  r e a c t i o n  p o t e n t i a l .  

E x a a i n a t i o n  o f  S P C s  a s  r e c o r d ? d  a+: t h o  s c a l p  i n  man 

were c o n d u c t e d  by K o h l e r  a n d  H e l d  ( 1 9 4 9 )  a n d  K o h l e r  a n d  

Y e g e n e r  ( 1 9 5 5 )  i n  s e a r c h  o f  a n  e l ~ c t r o c o r % i c a l  cor re la te  of 

3 u d i t o r y  a n d  v i s u a l  p e r c e p t i o n  w h i c h  c o u l d  h e  i n t e r p r e t e d  3s 

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

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

i n  p o l a r i t y  c a n  b+ a c c o u n t e d  f o r  b y  t h e i r  c h o i c e  of t h e  



v e r t e x  a s  a r e f e r e n c e  s i te .  K o h l e r  a n d  W e q e n P r  ( 1 9 5 5 )  

s u b s e q u e n t l y  c h a n g e d  t o  a n  a c t i v e  e l e c t r o d e  a t  t h e  v e r + e x  

r e f e r e n c 4  t o  t h e  n e c k  w h i c k  g a v a  t h e m  "c learer  r e s u l t s "  a n d  

r e s p o n s e s  n e g a t i v e  i n  p o l a r i t y .  Her? r e c e n t l y ,  D a v i d  2% a&. 

( 1 9 6 9 )  h a v ?  s h o w n  s o u n d s  o f  v a r i a b l e  i n t s n s i t y  a n d  d u r a t i o n  

t o  h?  c a p a b l e  o f  e l i c i t i n g  r e g a t i v e  SPCs w h i c h  a r e  

m 3 i n t a i n e d  o v e r  t h e  d u r a t i o n  of  t h e  s t i m u l u s .  T h e s e  

r 3 s p o n s e s  a rE  m a x i m a l  a t  t h e  v e r t e x  h u t  c a n  b e  l o c a l i z e d  i n  

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

a r e  3 m p l o y s d .  K e i d e l  ( 1 9 7 1  a ,  b) s u g g e s t e d  t h a t  t h e s ~  S P C s  

w$rn n o t  i d e n t i c a l  t o  t h e  c c n t i n g e n t  n e g a t i v s  v a r i a t i ~ n  

(CNV) d e s c r i b e d  by W a l t e r  52 a&. ( 1 9 6 4 )  , b u t  r a t h e r  

3 b j ? c t i v ?  c o r r e l a t e s  o f  t h e  s t i m u l u s  l u r i n g  l+s d u r a t i o n ,  

sinilar t o  t h o s n  of K o h f e r  a n d  h i s  c o l l e a g u e s .  H o w e v e r ,  

J a r v i l e h t o  a n d  F r u h s t o r f e r  ( 1 9 7 3 )  s h o w e d  t h a t  b o t h  a s h o r t  

s o u n d  (1.0 sec) a n d  a p a u s e  w i t h i n  a n  o t h 3 r w i s e  c o n t i n u o u s  

s ~ u n d  e l i c i t e d  n e g a t i v e  S P C s  w h i c h  d i d  n o C  d i f f o r  i n  t h e i r  

c h a r a c t e r i s t i c s ,  F r o m  t h e s e  d a t a ,  t h ~ y  a r g u e d  t h a t  t h e  

r s s p o n s e  r e p o r t e d  b y  K e i d e l  2% a&. ( 1 9 7 1  a , b )  is a n a l o g o u s  

t o  t h e  CNV a n d  n o t  a n   objective c o r r e l a t e  o f  + h s  s ~ u n d . ~  

C o n t i n g e n t  N e g a t i v e  V a r i a t i c n  ___--- _-- -- ----- -------- 
T h e  C N V  a s  i n i t i a l l y  d e s c r i b e d  b y  Walter st 22, ( 1 9 6 4 )  

is  a n e g a t i v e  SPC o c c u r r i n g  i n  t h e  i n t e r v a l  b e t w e e n  t w o  

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



i s  g e n e r a l l y  m a x i m a l  i n  a m p l i t u d e  a t  t h e  v e r t e x  ( C o h s n  1 9 6 9 )  

3 n d  c a n  b e  e l i c i t e d  b y  a s t i m u l u s  p a i r  a s  l o n q  a s  t h ?  

s u b j 2 c t  m a i n t a i n s  a n  a c t i v e  i n t e r ~ s t  i n  t h l m .  

A l t h o u g h  Walter  ( 1  96Qb, 1 9 6 8 )  o r i g i n a l l y  v i e w e d  t h e  CNV 

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

9 f t h e  c l a s s i c a l  ~ a v l o v i a n  c o n d i t i o n e d  r e s p o n s e  w i t h  S 1  t h a  

CS, s2 the UCS,  a n d  t h e  m o t c r  r e s p o n s e  t o  S2 a s  a n  o p e r a n t ,  

fsw s u b s e q u e n t  i n v e s t i g a t i o n s  h a v e  e m p l o y e d  a c o n d i ' i o n i n g  
-- - 

p a r a d i g m  ( h a b i t u a t i o n ,  a c q u i s i t i o n ,  e x t i n c t i o n )  . T h s  1 
1 

m a j o r i t y  of s t u d i e s  ( f o r  r e v i e w s  s G e  T e c c e  1 9 7 1 ,  1 9 7 2 ;  

M c C a l l u m  a n d  R n o t t  1 9 7 3 ,  1 9 7 6 ;  D a r g e n t  a n d  D o n g i e r  1 9 6 9 )  f 
I 

h a v s  e s t a b l i s h e d  t h e  S 1 - S 2  a s s o c i a t i o n  w i t h  v e r b a l  

i n s t r u c t i o n s  t o  t h e  s u b j e c t  ( P r i c e  1 9 7 4 ) -  I 

- C. I 
I n  t h e i r  c l a s s i c  s t u d y  o n  CNV, Ya l t e r  2s ql. ( 1 9 6 4 )  I 

i n i t i a l l y  p r e s e n t e d  the s u b j e c t  w i t h  c l i c k s  ( S 1 )  a n d  f l a s h e s  

(S2 )  s e p a r a t e l y ,  r e p e a t e d l y  p a i r e d ,  r e p e a t e d l y  p a i r e d  w i t h  

5 2  r e q u i r i n g  a m o t o r  r e s p o n s e ,  a n d  f i n a l l y  S 1  w i t h  5 2  e i t h z r  

a b s e n + .  o r  p r e s e n t  o n l y  p a r t  o f  t h e  tims. T h e  r e s p o n s e s  

( v e r t e x  e l e c t r o d e )  t o  s1 a n d  5 2  a l o n e  s h o w e d  t y p i c a l  e v o k l d  

p o t e n t i a l s  { E P S )  w i t h  b r i e f  ~ e g a t i v e  c o m p o n e n t s ,  Whln S 1  I 1 

a n d  5 2  were p a i r e d ,  b o t h  EPs were e s s e n t i a l l y  u n c h a n g e d  and i 

b o t h  " d w i n d l e d  t o  n o i s e - l e v e l  a f t e r  a b o u t  50 p r e s z n t a t i o n s . "  

A d d i t i o n  o f  +.he motor r e s F o n s e  r e s u l t e d  i n  t h e  f o r m a t i o n  of  

a C N B  o n  tbe 57 -52  i n t e r v a l  w h i c h  r e 3 c h e d  i t s  p e a k  a t  s2. 

When S 2  was w i t h d r a w n ,  t h e  CNV p r o g r e s s i v e l y  d i m i n i s h e d  i n  



s i z e ,  d i s a p p e a r i n g  almos* c c m p l e t e l y  a f t e r  30  t r i a l s .  I f  S 2  

i s  not_ w i t h d r a w n  c o m p l e t e l y  ( p r o b a b i l i t y  d i l u t i o n )  t h e  

r e s n o n s e  d o e s  n o t  d r o p  c o m p l e t e l y  t o  z e r o .  T h i s  p a t t e r n  of 

a c q u i s i t i o n  was s l i g h t l y  d i f f e r e n t  d u r i n g  t h e  f o r m a t i o n  o f  a 1 

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

a m p l i t u d e  i n c r e a s e d  r a p i d l y  o v e r  t h e  f i r s t  2 4  t r i a l s ,  a t  

w h i c h  time t h e  r e s p o n s e  i s  b e l l  formed. S u b s e q u e n t  t r i a l s  

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

t r i z l s  t h ?  CNV u a s  s c a r c e l y  a b o v e  b a s e l i n e  a n d  t h e  e y e  was 

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

c e l n f o r c e m e n t ,  b o t h  t h e  CNV a n d  t h e  r e s p o n s e  d i s a p p e 3 r e d  

c o m p l e t e l y .  S u p p o r t i n g  d a t a  h a v e  b e e n  r e p o r t 2 d  b y  L o p e s  d a  

s i l v a  a n d  S t o r m  v a n  L e e u w e n  ( 1 9 6 9 )  w h i c h  a l s c  shows t h s  

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

r e s t a r a t  i o n  f o l l o w i n g  r e d u c t i o n  i n  a d i s t - r a c t i o n  p a r a d t g m .  \ 
A s u b s e q u e n +  s e r i e s  o f  s t u d i e s  b y  L 9 w  22 al ,  (1965, 1 3 6 6  

a ,  u s e d  a p a r a d i g m  s i m i l a r  t o  t h a t  o f  S a l t e r  ;.t a_&. i n  

w h i c h  S 1  a n d  S2 were p r e s e n t e d  s i n g l y ,  p a i r e d ,  a n d  with S 2  

requiring a motor r e s p o n s e .  A l l  o f  t h e i r  s u b j e c t s  (N=63)  

s h o w e d  a  q e n e r a l  p a t t e r n :  w i t h  i n i t i a l  S1-S2  p a i r i n g s  a 

l a t e  n e q a t i v e  r e s p o n s e  ( a n a l o g o u s  t o  CNV) tc S 1  was r e a d i l y  

l p p a r e n t  w h i c h  d i m i n i s h e d  w i t h  r e p e a t e d  p a i r i n g s ,  e v z n c u a l i y  

d i s a p p e a r i n g ,  When 5 2  r e q u i r e d  a m o t o r  r e s p o n s e  t h e  l a t e  

n e g a t i v i t y  t o  S 1  r e a p p e a r e d  a n d  p r o g r e s s i v e l y  i n c r e a s e d  i n  

a m p l i t u d 4  o v e r  t r i a l s ,  D u r i n g  e x t i n c t i o n  t h i s  l a t e  n e g a t i v e  



w a v e  g r a d u a l l y  d i m i n i s h e d ,  d i s a p p e a r i  ng e n t i r e l y  a f t e r  3 6 - 4 8  

Qr  m o r e  t r i a l s ,  V e r b a l  s t a t e m e n t s  t o  t h e  s u b j e c t s  t h a t  S 2  

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

{ W a l t e r  1 9 6 8 )  o r  i n  6-12 t r i a l s  (Low et qi. 1 9 6 5 ,  1 9 6 6  

3,  b f  . $ a l t e r  ( 1 9 6 5 a )  s u g g e s t e d  t h a t  t h i s  s o c i a l  e x t i n c t i o n  

was z q u i v a l o n t  t o  20-50 u n r e i n f o r c e d  p r e s e n t a t i o n s  o f  S1.  

O f  p a r t i c u l a r  i n t e r e s t  was t h e i r  n o t e  t h a t  w h i l e  a n  

9 p n r s n t  r e s p o n s e  ( m o t o r  r e s ~ o n s e )  was n o t  n e c e s s a r y  f o r  t h 3  

i n i + i a l  d e v e l o p m ~ n t  o f  + h e  s l o w  n e g a t i v e  w a v e ,  some f o r m  of 

i n t e n t i o n a l  r n s p o n s e  may b e  n e c e s s a r y  f o r  i t s  m a i n t e n a n c 3 .  

T h e  m o t o r  r e s p o n s e  t h e n  may s e r v e  t o  " m a i n t a i n "  t h e  

s u b j l c t ' s  l e v e l  of i n t e r e s t  i n  t h e  t a s k  a t  h a n d  ( W a l t q r  

l 9 6 5 b ) .  X a l t e r  l a t e r  d e m o n ~ t r a t e d  t h a t  a p p e a r a n c e  o f  t h e  

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

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

l * i n t n r e s t i n q "  o r  " i n f o r m a t i c n a l "  s t i m u l u s  was e x p e c t p d .  

I 
lViors rec . .n+- ly ,  K a k i g i  2% qL. ( 1 9 7 5 )  e x a m i n e d  c h a n g e s  i n  CNV 

amplitude o v e r  1 0  b l o c k s  of 2 0  t r i a l s .  T h e y  r e p o r t e d  CNV 

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

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

a r o u s a l  a n d  c e n t r a l  a d j u s t m e n t s .  

T h e  d e p e n d e n c e  of t h e  CHV u p o n  t h e  p r o b a b i l i t y  of 

~ i s s o c i a t i 3 n  b e t w e e n  S 1  a n d  5 2  i n i t i a l l y  d i s c u s s z d  b y  Wal+er I 

~t al. a n d  Low a&. w a s  f u r t h e r  n x a m i n e d  b y  Walter  -- -- 

( 1 9 0 5 ~ ) -  I n  t h i s  r e p o r t ,  W a l t e r  was a b l e  t o  m a n i p u l a t e  CNV 



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

S 2  f r o m  1 0 0 %  t o  5 0 %  a n d  b a c k  s e v e r a l  times. T h e s e  f i n d i n g s  

l e d  Walter t o  e m p h a s i z e  t t e x ~ e c t a n c y f l  a s  t h e  k e y  
- --- J 

p s y c h o l o g i c a l  v a r i a b l e  r e l a t i n g  t o  t h e  CNV. An e x c e l l e n t  1 
I 
I 

s t u d y  b y  H i l l y a r d  a n d  G a l a m k o s  (1967)  c o m p a r e d  CNV 
\ 

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

h a d  p r i o r  e x p e r i e n c e  w i t h  S1-S2 p a i r s  ( G r o u p  R), a n d  t h e  

o t h ? r  ( G r o u p  P) w i t h  ~ x p e r i e n c e  w i t h  S 1  a n d  S 2  p r e s o n t ~ d  

s i n g l y  b u t  where  S 2  r e q u i r e d  a m o t o r  r e s p o n s e .  I n  G r o u p  P 

+ h e  CNV was small  b u t  p r e s e n t  when n o  motor r e s p o n s e  w a s  

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

o f  t h e  m o t o r  r e s p o n s e  r e q u i r e m e n t ,  G r o u p  R ,  on t h e  other 

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

S 1 - 5 2  p a i r s  were r e p e a t e d l y  p r e s e n t e d ,  W e i t h e r  g r o u p  s h o w e d  

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

d i l u t i o n  b u t  a d r a m a t i c  decremert was f o u n d  d u r i n g  

e x t i n c t i o n  i n  b o t h  g r o u p s ,  T h e y  i n t e r p r e t e d  t h e  d i f f e r e n t  

a c q u i s i t i o n  r a t e s  i n  terms cf t h e  s u b j e c t ' s  d i f f e r e n t i a l  

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

l e a r n i n g  o f  s t i m u l i  c o n f i g u r a t i o n s  is  a m a j o r  f a c t o r  i n  

r e g u l a t i n g  s u b j e c t i v e  e x p e c t a n c i e s .  S i m F l a r  g r a d u a l  

i n c r e m e n t s  i n  CNV a m p l i t u d e s  were r e p o r t e d  b y  Karrer 2: ql. 

( 1973 )  t o  o c c u r  i n  s u b j e c t s  d u r i n g  t h e  a c q u i s i t i o n  o f  a 

l i q h t - - s o u n d - - r e s p o n s e  s e q u e n c e .  D u r i n g  e x t i n c t i o n  t r i a l s  

i n  w h i c h  52 was o m i t t e d ,  C N V  a m p l i t u d e  d r o p p e d  t o  zero. 



Y a k i n g  t h e  r e s p o n s e  i n e f f e c t i v e  w i t h  r e s p e c t  t o  t h e  

t e r m i n a t i o n  o f  S 2  o n l y  s l i g h t l y  r e d u c e d  CNV a m p l i t u d e .  

C h a n g e s  i n  CNV were c o n s i s t e n t  a t  b o t h  t h e  v e r t e x  a n d  

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

C a n t  a n d  B i c k f o r d  ( 1 9 6 7 )  i n v e s t i g a t e d  d i f f e r e n t i a l  

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

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

i n c r e m e n t  i n  CNV a m p l i t u d e  r a s  f o u n d  when a n o n - n o x i o u s  

( 5 1 - 5 2  b o t h  c l i c k s )  b a s e l i n e  c o n d i t i o n  was m o d i f i e d  t o  

i n c l u d e  the f o l l o w i n g :  a n  u n a v o i d a b l e  n o x i o u s  s h o c k  

( 5  1-52-53)  ; a n  o p e r a n t  r e s p c n s e  (51-52-0)  ; a n  o p e r a n t  

r e s p o n s e  p l u s  s h o c k  (S1-S2-C-S3) ;  a n d  a v o i d a n c e  of t h e  s h o c k  

u h e r ,  t h e  o p e r a n t  r e s p o n s e  was made  w i t h i n  2 8 6  uisec o f  S 2  

r S l - S 2 - 0 - ( S 3 )  1, F a x i m a 1  a m p l i t u d e  was s e e n  a t  t h e  v e r t e x  i n  

311 b u t  the l a s t  c o n d i t i o n ,  d u r i n q  w h i c h  i t  s h i f t e d  t o  t h ?  

f r o n t a l  a r e a s ,  T h e y  i n t e r ~ r e t e d  t h e  d a t a  a s  s u g g e s t i n g  t h a t  

t h e  CNV was n o t  a u n i t a r y  p h e n o m e n a  ( a n  i d e a  w h i c h  d i d  n o t  

g a i n  p r o m i n e n c e  f o r  s e v ~ r a l  y e a r s ) .  When s u b j e c t s  were 

r e q u i r e d  t o  p r e s s  a b u t t o n  i n  t h e  l a s t  2  secs of 3 15 sec 

i n t e r v a l  t o  a v o i d  a n o x i o u s  b u z z e r ,  a CNV l i k e  w a v e f o r m  was 

s e e n  i n  t h e  r e c o r d  ( L o w  a l ,  1966 b ) .  

T h a t  t h e  CNV a p p e a r s  t c  b e h a v e  a s  a t l c o n d i t i o n e d  

r e s p o n s e 1 *  s u g g e s t e d  t o  ElcCal lum ( 1 9 7 3 )  t h a t  i t  m i g h t  r e l a t e  

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

c o c d i t i o n i n q  s i t u a t i o ~ s .  McCal lum i n v e s t i g a t e d  b o t h  



c l a s s i c a l  e y e l i d  c o n d i t i o n i ~ g  ar,d m o t o r  r e s p o n s e  ( b u t t o n  

press) a c q u i s i t i o n  p a r a d i g m s  i n  p s c y h o p a t h s  a n d  n o r m a l  

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

( eyo  m o v e m e n t )  a n d  t h e  s h c r t  i .s,i., a CNV was ~ b s e r v e d  t o  

s o m e  d e g r s s  i n  a l l  s u b j e c t s  w h i c k  t e n d e d  t o  b e  s m a l l 2 s t  o n  

t h q  i n i t i a l  1 2  t r i a l s ,  l a r g e s t  d u r i n g  t h e  s e c o n d  a n d  t h i r d  

sets o f  1 2  t r i a l s ,  a n d  s t e a d i l y  d e c r e a s e d  t h e r e a f t e r .  I n  

a d d i t i o n  t o  f o l l o w i n q  t h e  g e n e r a l  t r e n d  of t h e  r e s p o n s ?  

? c q u i s i t i o n ,  CNV a m p l i t u d e  a l s o  d i s c r i m i n a t e d  b e t w e e n  t h e  

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

(1966, 1 9 6 7 )  r e p o r t e d  t h e  CNV t o  bea r  a n  i n v a r t e d - - U  

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

s t m i l a r  - ~ x p e r i m ~ r . ? ,  KcAdam g; a l .  ( 1 9 6 9 )  shoer3d t h a t  when t h 2  

s u h i p c t  p r e d i c t e d  t h e  d u r a t i c n  o f  the i.s.i. t h e i r  CNVs 

t e r m i n a t e d  a p p r o x i m a t e l y  a t  t h e  p o i n t  a t  w h i c h  t h e y  h a d  

p r e d i c t e d  5 2  w o u l d  o c c u r ,  

L f l o r d  g? GI, (1976) e r e p l o y e d  s o u n d  e i t h e r  a l o n s  n r  i~ 

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

3f A c h i l l e s  t e n d o n ,  o r  v e r b a l  i n s t r u c t i o n s  f o r  a motor 

r e s p o n s e ,  t o  c o n d i t i o n  slow p o t e n t i a l s .  T n i t i a l l y ,  s l aw 

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

r e p e a t e d  p r e s e n t a t i o n  o f  a s t i m u l u s  7 0 0  msec p r i o r  t 3  t h e  

command s t i m u l u s  e v e n t u a l l y  l e d  t o  t h e  appearance o f  a s l o w  

w a v e  i n  t h s  i.s.i, 



T h e  s t u d i e s  r e v i e w e d  a b o v e  a r e  p a r a l l e l e d  i n  t h s i r  

f i n d i n g s  i n  a n i m a l  s t u d i e s  ( c a t s  a n d  m o n k e y s )  i n  w h i c h  SPCs 

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

l u r i n g  t h e  a c q u i s i t i o n  of a ~ p e t i t i v e  a n d  a v e r s i v e  jaw 

n o v ~ . n e n t  ( R e h e r t  a n d  I r w i r ,  l 9 6 9 ) ,  c o n d i t i o n e d  l e g  f l e x i o n  

( C h i o r i n i  1 9 6 9 ) ,  l e v e r  p r e s s i n g  f o r  f o o d  r e w a r d  ( 3 o r d a  1 9 7 0 )  

2 n d  s h o c k  a v o i d a n c e  ( H a b l i t z  1973). T o g e t h e r ,  t h e  d 3 t a  

s u p ~ o r t  the c o n c l u s i o n  t h a t  S P C s  a r e  s u s c ~ p t i b l s  t o  

c o n d i t i o n i n q  a n d  a s  s u c h  b e h a v e  i n  a c c o r d a n c e  w i t h  t h e  l e v 2 1  

o f  i n v o l v e m e n t  o f  t h e  o r g a n i s m  r e g a r d l e s s  of w h e t h e r  

~ * i n v o l v e m e n t t '  i s  i n t e r p r e t e d  a s  c o n a t i o n ,  e x p e c t a n c y ,  

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

EVOKED POTENTTALS 

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

r o n d i t i o n i n q  a n d  l e a r n i n g  p a t a d i g m s  i s  will d o c u m e n t e d  i n  

3 u b h u m a n  s p e c i e s ,  I n  g e n e r a l ,  t h e  d a t a  s h q w  a g r a d u a l  

3 i s a p p e a r a n c e  of t h e  EP t o  t h e  CS d u r i n g  h a b i t u a t i o n  with 3 

r a p i d  r e a p p e a r a n c e  when t h e  CS is  p a i r e d  w i t h  a m e a n i n g f u l  

rJCS. T h e  EP is i n i t i a l l y  w i d e s p r e a d ,  b e i n g  r z c ~ r d e d  

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

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

i n v o l v s d  i n  t h e  r e s p o n s e  i t s e l f .  O n c e  t h e  r e s p o n s e  is 

f i r m l y  e s t a b l i s h e d ,  the f o c a l  El? may t h e n  i n  fact d i s a p p e a r  

o r  s h r i n k  f u r t h e r  i n  s i z e .  F u r t h e r  d e t a i l e d  r e v i e w s  may b s  



f o u n d  i n  B a r t l e t t  gt a&. ( 1 9 7 5 )  ; J o h n  ( 1 9 6 1 ,  1 9 6 7 )  ; J o h n  32 

af. ( 1 9 7 3 ,  7 9 7 5 ) ;  M o r r e l l  ( 1 9 6 1 )  ; a n 3  T h o m p s o n  3 g_l. -- 

( 1  9 7 2 )  . 
A c c o r d i n g  t o  R u s i n o v  ( 1 9 6 0 1 ,  Ka t s  e m p l o y e d  a s e q u e n c e  

of t h r e z  c l i c k s  w i t h  l q u a l  i n t e r s t i m u l u s  i n t e r v a l s  a n d  

r e q u i r q d  s u b j e c t s  t o  s q u e e z e  a  b u l b  f o l l o w i n g  the t h i r d  

s t i m u l u s .  If the t h i r d  s t i m u l u s  was a b s e n t  o r  d e l a y 9 d  i n  

time, a n  e v o k e d  r e s p o n s e  a p ~ e a r e d  a t  t h a t  p o i n t  a t  w h i c h  t h c  

c l i c k s  s h o u l d  h a v e  o c c u r r e d .  D a v i s  (1939)  r e p o r t e d  the 

7 c c u r r e n c e  o f  " a n t i c i p a t o r y w  o n  a n d  o f f  e f f ec t s  when a 

r e g u l a r l y  s p a c e d  s e q u e n c e  of t o n e s  was u n e x p e c t e d l y  s t o p p e d  

o r  t h e  i n t e r s t i r s u l u s  i n t e r v a l  p r o l o n g e d .  T h e s s  r e s p o n s e s  

c o u l d  b e  a n a l o y - o u s  t o  t h e  P300 s u b s e q u e n t l y  d e s c r i b e d  b y  

S u + + o n  2s q l .  ( 1 9 6 7 ) .  I n  s ~ i t e  o f  a d e t a i l e d  search, 

Ralter  (1964a )  f o u n d  n o  t r ace  o f  a f i c o n d i t i o n e d p *  b r a i n  

r e s p o n s e ,  t h a t  is, a c o n s i s t e n t  w a v e f o r m  a t  t h e  moment  when 

a n  u n c o n d i t i o n e d  r e s p o n s e  w c u l d  h a v e  a p p e a r e d  when t h e  UCS 

h a d  a c t u a l l y  b e e n  w i t h d r a w n ,  On t h e  o t h e r  h a n d ,  he 

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

i n  t h o s e  c o n d i t i o n s ,  Walter s u g g e s t e d  t h a t  t h e  r e s p o n s e  may 

have b e e n  there o n  t h e  f i r s t  few t r i a l s  b u t  was r e d u c e d  t o  

z e r o  b y  s i g n a l  a v e r a g i n g .  

S t u d i e s  r e l a t i n g  E P s ,  a s  r e c o r d e d  a t  s c a l p  i n  man, t o  

c o ~ d i t i o n i n g  p e r  se  a r e  r e l a t i v e l y  few. T h e  m a j o r i t y  o f  

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



r e l e v a n t  s t i m u l i  b y  v e r b a l l y  f o c u s i n g  t h e  s u b  j o c t 8 s  

? + t e n t i o n  o n  t h e  s t i m u l u s ,  N a a t a n e n  ( 1 9 7 5 )  h a s  c r i t i c a l l y  

c e v i 3 w e d  t h e s e  s t u d i e s .  C o n s i s t e n t l y ,  i n v e s t i g a t o r s  i n  this 

3rea r e p o r t  i n c r e a s e s  i n  a m ~ l i t u d e  of  t h e  l a t e  c o m p o n e n t s  

1> 1 0 0  msecf when s t i m u l i  a r e  a t t e n d e d  t o  a n d  a c o r r e s p o n d i c g  

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

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

p o s i t i v e  c o m p o n m t  (P300) may be r e c o r d e d  ( S u t t o n  e t  s&. 

1 9 6 7 ) -  

N e s z a r o s  ( 1 9 6 6 ,  1 9 6 9 )  a n d  E e s z a r o s  a n d  Adam ( 1 9 6 8 )  ( s e e  

t v a s z a r o s  1 9 7 2  f o r  a r e v i e w )  e m p l o y e d  a c l i c k  a s  t h e  CS a n d  a 

f l a s h  f o r  t h e  UCS, s e p a r a t e d  t e m p o r a l l y  b y  200 msecs. W i t h  

t h i s  p a r a d i g m ,  t h e y  h a v e  t e e n  a k l e  t o  f i e m c n s t r 3 t e  

h a h i t u a t i ~ n  o f  t h e  EP t o  t h e  CS a n d  i ts  r e - e s t 2 b l i s h m s n t  

f o l l o w i n q  CS-UCS p a i r i n g s .  T n t e r e s t i n g l y ,  d u r i n g  e x t i n c t i o n  

t h e y  r e p o r t  t h e  a p p e a r a n c e  cf a " l c o n d i t i o n e d  e v o k s d  

r e s p o n s e w  a t  t h e  time t h e  U C S  f o r m e r l y  o c c u r r e d .  F u r t h e r ,  

o n c e  the s u b j e c t  h a d  b e e n  e x p o s e d  t o  h u n d r ~ d s  o f  CS-UCS 

p a i r s  t h e  t l c o n d i t i o n e d ( ~  EP c o u l d  n o t  b e  e x t i n g u i s h e d ,  

p e r s i s t i n g  f o r  s e v e r a l  m o n t h s .  T h e y  a l s o  r e p o r + e d  t h e  

o c c u r r e n c e  of a l a r g e  slow n e g a t i v e  wave i n  t h 2  

i n t e r s + i m u l u s  i n t e r v a l  w h i c h  t h e y  e q u a t e d  w i t h  + h e  CWV 

r e p o r t e d  by P a l t e r  e_t aJ. ( 1 9 6 4 ) .  Adam ( 1 9 7 3 )  h a s  p r o p o s 3 d  

t h a t  c h a n g e s  i n  t hese  p a t t e r n s  may re f lec t  memDry p r o c e s s e ;  

i n  b o t h  man and  a n i m a l s .  



B e g l e i t e r  a n d  P l a t z  ( 1 9 6 9 )  e m p l o y ~ d  a  d i s c r i m i n a t i v e  

c o n d i t i o n i n g  p a r a d i g m  i n  w h i c h  CS+ ( a r r o w  p o i n t i n g  u p )  was  

c o u p l e d  w i t h  a  c l i c k  o n  c n l g  50% o f  t h e  t r i a l s ,  and t h p  CS- 

( a r r o w  p o i n t i n g  down) w a s  p r e s e n + e d  a l o n e .  A c o s p a r i s o n  ~f 

the TFs t o  t h e  u n r e i n f o r c e d  C S +  * o  t h o s e  e l i c i t e d  b y  t h e  CT- 

s h o w e d  t h e  f o r m e r  t o  b e  a p p r o x i m a t e l y  2 5 %  l a r g e r  i n  p e a k  t o  

p e a k  a m p l i t u d e  ( n e g a t i v i t y  a t  65-70  msec t o  p o s i t i v i t y  a t  

2 10 -320  msec) f o l l o w i n q  t h e  a c q u i s i t i o n  t r i a l s .  T h e r e  was 

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

w h i c h  n e i t h e r  was  r e i n f o r c e d ,  I n  a s u b s s q u e n t  r e p o r t ,  

S e q l s i t e r  a n d  P l a t z  ( 1 9 7 1 )  e m p l o y e d  t h e  same p a r a d i g m  

m o d i f i e d  to i n c l u d e  a  g e n e r a l i z a t i o n  c o n d i t i o n  i n  w h i c h  a n  

3 d d i t i o n a l  C S +  a n d  CS-  t i l t e d  1 0  d e g r e e s  o f f  v e r t i c a l  wers 

u s e d ,  n e i t h e r  o f  w h i c h  were r e i n f o r c e d .  T h e y  r e p o r t e d  n o  

d i f f 9 r e n c e  i n  E P s  t o  t h e  two C S + ' s  b u t  b o t h  wers 

s u b s t a n t i a l l y  l a r g e r  t h a n  t h e  EPs t o  t h e  two CS- a r r o w s .  

T h e  r e s u l t s  of b o t h  s t u d i e s  were i n t e r p r e t e d  a s  c o n s i s t e n t  

w i t h  J o h n ' s  ( 1 9 6 7 )  h y p o t h e s i s  t h a t  t h e  EP wave fo rm i s  

composed  of  n e u r o n a l  a c t i v i t y  e v o k e d  by t h e  s t i m u l i  a n d  

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

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

I n  o r d e r  t o  a s s e s s  EP c o r r e l a t e s  2 5  a f f e c t i v e  v s r b a l  

s t i m u l i ,  B e g l e i t e r  22. ( 1967)  i m p a r t e d  a f f e c t i v e  c o n t e n + ;  

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

{ u p r i g h t  o r  r o t a t e d  9 0  o r  1 8 0  d e g r e e s )  w i t h  a s p o k e n  word o f  



? i + h e r  p o s i t i v e ,  n e g a t i v e ,  c r  n e u t r a l  a f f e c t .  T h e  

s u b s e q u e n t  E P s  t o  e a c h  of  t h e  l i n e  d r a w i n g s  wer? 

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

a r r o w  a s s o c i a t e d  w i t h  n e u t r a l  w o r d s ,  a n d  s m a l l e s t  f o r  t h ~  

a r m w  p a i r s d  w i t h  n e g a t i v e  w o r d s .  P 2 a k  l a t e n c i e s  c h a n g e d  i n  

t h e  r o v e r s e  o r d e r ,  being s h c r t o s t  f o r  t h e  n e g a t i v e  a r r o w  a n d  

l o n q e s t  f o r  t h e  n e u t r a l  o n e ,  A s  t h i s  c o n d i t i o n i n g  was 

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

t h e  a s s o c i a t i o n  B e g l e i t e r  82 a&. ( 1 9 6 9 )  r e p e a t e d  t h e  

e x p 2 r i m e n t  w i t h  s u b j e c t s  e i t h e r  r e c e i v i n g  n o  i n f o r m a t i o n  

3 b o u t  t h s  r e l a t i o n s h i p  b e t w e e n  t h e  a r r o w  a n d  + h e  w o r d ,  b e i n g  

t ~ l d  t h a t  t h e r e  was a r ~ l a t i o n s h i p  b u t  n o t  its n a t u r e ,  7r 

t o l d  t h e  2 x a c t  n a t u r e  of  t h e  r e l a t i o n ,  R e s u l t s  o f  t h i s  

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

t h a t  whsn  s u b j a c t s  were p a r t i a l l y  a w a r e  o f  t h e  r e l a t i o n  E P  

3 m ~ l i t u d e  was l a r g e r  f o r  t h e  p c s i t i v e  a n d  n e g a t i v e  a r r o w s  

r e l a t i v e  t o  t h e  n e u t r a l  s t i m u l u s .  When t h s  s u b j ~ c t s  were 

f u l l y  aware of t h e  r e l a t i o n ,  n o  s i g n i f i c a n t  d i f f e r e n c e s  wern 

f o u n d  b e t w e e n  t h e  t h r e e  s t i m u l i ,  T h u s ,  t h e  l e v e l  of s u b j e c t  

a w a r e n e s s  a b o u t  t h e  CS-UCS r e l a t i o n  m u s t  h a  known a n d  

c o n $ r o l l e d ,   his may b e  one  r e a s o n  t h a t  n o  c o n s i s t a n t  

r e l a t i o n  h a s  yet b e e n  r e p o r t e d  b e t w e a n  t h e  EP t~ S1 a n d  

I n s u i n g  CNV a a t p l i t u d e  i n  C N V  e x ~ e r i m e n t s  ( T e c c e  1972) .  

B a s e d  o n  t h e  work o f  B e g l e i t e r  a n d  h i s  c o l l e a q u e s ,  

~ e l ~ r d  et q_l. ( 1 9 7 3 )  p a i r e d  a u d i t o r y  a n d  v i s u a l  s t i m u l i  i n  



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

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

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

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

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

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

p o t e n t i a l .  

T h e  c l a s s i c  w o r k  i n  t h i s  a rea  was d o n e  b y  X a l t e r  ( 1 9 6 3 ,  

1 9 6 4 9 )  w h i c h  c a n  b e  i n t e r ~ r e t e d  a s  a f o r e r u n n e r  of h i s  work 

7 n  t h e  C N V  p u b l i s h e d  i n  1 9 6 4 .  H i s  b a s i c  e x p e r i m l n t a l  d e s i g n  

i n v n l v e d  p r e s e n t a t i o n  o f  s t i m u l i  a s  f o l l o w s :  ( a )  c l i c k s  s n d  

l i g i - l t  f l a s h e s  a l o n e ;  ( b )  a c l i c k  o r  a f l a s h  f o l l o w e d  1 sec 

l a t e r  by a  r e ~ e t i t i v e  s t i m u l u s  i n  the o p ~ o s i t e  m o d a l i t y ;  ( e )  

qame a s  ' 5 '  w i t h  a m o t o r  r e s p o n s e  r s q u i r z d  t o  t h e  s e c o n d  

s t i . rn11 lus  o f  t h e  p a i r ;  ( d )  ' c '  r e p e a t e d  w i t h  t h ~  m o t o r  

r e s p o n s e  t ? r m i n a t i n g  t h s  s e c o n d  s t i m u l u s ;  a n d  ( 2 )  

D r e s e n t a t i o n  o f  f i r s t  s t i m u l u s  o n l y .  A c n m p l e t s  e x p e r i m c n '  

c o n s i s t e d  of 25-30 sets  o f  1 2  s t i m u l i ,  l a s t i n g  1-2 h o u r s ,  

Xalter d i s c u s s e d  h i s  r e s u l t s  a s  r e f l e c t i o n s  of t h e  

following p r o c e s s e s .  !3ib&tuation was s e e n  a s  a p r o g r e s s i v ?  

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

n o n s p ~ c i f i c  r e s p o n s e  f o l l o w i n g  20-100 s t i m u l u s  

p r e s q n t a t i o n s .  C o n t i n q ~ g t  A m p l i f i c a t i o n  w a s  c o i n e d  t o  r e f 3 r  

t o  t h e  restoration o f  a n  h a b i t u a t e d  r e s p o n s e  t o  a t  l e a s t  i:s 

o r i q i n a l  m a g n i t u d e  i n  r e s p o n s e  t o  t h e  f i r s t  s t i m u l i  of a 



p a i r .  T h i s  r e s p o n s e  was f u r t h e r  s n h a n c e d  a n d  s t a b i l i z e d  

w i t h  t h o  a d d i t i o n  o f  a n  o p e r a n t  r e s p o n s e .  C o n t i n g e p +  

A t t a n u a t i o n  was i n v o l v e d  i n  t h e  p r o g r e s s i v a  r e d u c t i o n  i n  ----------- 
a m p l i t u d ?  of t h e  r e s p o n s e  t c  t h e  TJCS. Whon t h e  r e s p o n s e  t7 

t h s  UCS d i s a p p e a r e d  c o m p l e t ~ l y  i t  c o u l d  be  r e s + o r e d  b y  

r i t h d r a w i n q  t h e  CS a n d  p r e s e n t i n g  ucs a l o n ?  i n  3 p r o c e s s  

known a s  LJqJqqdjtngqqd R e s t c r a t i o n ,  I n  s u b s e q u o n t  r e s e a r c h  

w i t h  l o n g  time c o n s t a n t  r e c o r d i n g  ( K a l t e r  et a&. 1964)  i t  

was n o t e d  t h a t  t h e  d i s a p p e a r a n c p  o f  + h e  r 3 s p o n s s  t o  t h e  UCS 

was t h o  r 3 s u l t  of  i t s  b e c c m i n g  b u r i e d  w i t h i n  t h 3  CNV. 

d a l l t + r  (1960)  e m p l o y e d  a c c a p l e x  set o f  s p e c i f i c ,  n e u t r a l ,  

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

~ u a s i - r a n d 3 1 1 1  f a s h i o n .  A s  s u b j e c t s  l e a r n e d  t h e  i n t r i c a t e  

r q l a t i o n s h i p  b e t w e e n  c e r + a i n  s t i m u l i  a n d  c o u l d  p r e s s  a k e y  

t o  a v o i d  a n o x i o u s  s o u n d ,  tl-P EPs to t h ~  s i g n a l  b e c a m e  

" c l e a r  c u t . "  H o w e v e r ,  # * w i d e  v a r i a t i o n s i *  i n  EP a m p l i t u d e ,  a n d  

m o r p h o l o g y ,  wer D s e e n  a c r o s s  s u b j e c t s .  

a e q u i r i n q  t h e  s u b j e c t s  t o  c o u n t  t h e  o c c u r r e n c e  o f  

c e r t 3 i n  s t i m u l i  h a s  b e e n  a ~ o p u l a r  m e t h o d  of f o c u s i n g  

s u b j e c t ' s  a t t e n t i o n  t o  c e r t a i n  s t i m u l i  ( N a a t a n e n  1975) . 
T h i s  p r o c e d u r e  g e n e r a l l y  r e s u l t s  i r  s t a b l e  EPs o f  relatively 

h i a h  a m p l i t u d e .  H o w e v e r ,  i t  h a s  b e e n  s h o w n  b y  Beck  gt pl. 

( 1 9 6 9 )  t h a t  c o n d i t i o n i n g  s u k j e c t s  t o  flex t h e i r  f i n g e r  t o  

e a c h  s t i a u l u s  b y  s h o c k i n g  t h e  f i n g e r  r 9 s u l t s  i n  l a r g e r  a n d  

qore  s t a b l e  EPs to t h ?  s t i m u l u s .  



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

b e + w s s n  5Ps a n d  r e l e v a n t  o r  s a l i e n t  s t i m u l i  i s  t h e  

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

1 p p r o x i m a t 2 l y  3 0 0  msec ( P 3 0 0 )  , a s  i n i t i a l l y  d e s c r i b e d  b y  

S u t t g n  ~2 31. ( 1 9 6 7 ) .  S u b s ~ g u e n t  i n v e s t i g a * i c n s  h a v e  

r e l a t e d  P 3 0 0  t o  r ~ s o l u t i c n  cf  u n c e r t s i n t y ,  i n f o r m a + i o n  

d e l i v e r y ,  o r i e n t i n g ,  m a t c h i n g  o f  p e r c e o  t u a l  e x p e c t a n c y ,  a n 3  

3 e c i s i o n  m a k i n g ,  +o  m e n t i o n  o n l y  a few (see D o n c h i n  gt a l .  

1 9 7 6  f o r  a revi9w). C o u r c h ~ s n e  eL a&. ( 1 9 7 5 )  h a v ~  r e c 9 n t l y  

s h o w n  t h ?  a m p l i t u d e  a n d  l a t ~ n c y  o f  P 3 0 0  t o  c o v a r y  w i t h  t h e  

t a s k  r e l e v a n c e  of t h e  s t i m u l u s ,  s t i m u l u s  n o v e l t y ,  a n d  

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

f r o m  t h e  f r o n t a l ,  c e n t r a l ,  or  p a r i e t a l  a rea .  

A n e q a t i v e  p e a k  ( N l )  a t  a r o u n d  100-150 msscs a n d  a 

s u h s q q u e n t  p o s i t i v e  o n e  ( P 3 )  a t  3 0 0 - 6 0 0  msecs seem %a b e  t h o  

c o m p o n e n t s  m o s t  s u b j e c t  t o  i n v e s t i g a t i o n  cf c o n d i t i o n i n q  

2 n d  l e a r n i n g ,  A r e c e n t  r e v i e w  o f  t h e s e  c o m p o n e n t s  ( T u e t i n q  

1 9 7 6 )  h a s  d e s c r i b e d  N1 a s  b e i n g  a c o r r e l a i e  o f  + v a t t s n t r i o n ' t  

w h i l 3  P 3  i s  Bore r e f l e c t i v e  cf t h e  c Q g n i t i v e  p r o c e s s i n q  of  a 

s t i m u l u s ,  

- 
- T h e  p r i n c i p l e  c o n c e r n  cf t h i s  s e l e c t i v e  r e v i e w  h a s  h e e n  

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

h u m a n s ,  T h e r e  h a s  o f  n e c e s s i t y  b e e n  s e l e c t i v i t y  i n  c h o o s i n g  i' 



s t u d i + s  f ~ r  d e t a i l e d  r e v i e w ,  i n  o r d e r  + o  p r e s e n t  a d e q u a t ~  

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

n o d e l  o f  t h e  c h a n q e s  a c c o m p a n y i n g  c o n d i t i o n i n q  i n  man;  

c o n t r a r y  d a t a ,  h o w e v e r ,  h a v e  n o t  b e e n  i n t e n t i o n a l l y  o m i t t ~ l d .  

' J s i n g  the c l a s s i c  a l p h a  b l o c k i n q  p a r a d i g a  a s  a S a s e ,  t h o  

f o l l o w i n g  s u m m a r y  may b e  d r a w n :  

( 1 )  A l p h a  -- I n i t i a l l y ,  a l p h a  b l o c k i n g  o c c u r s  t o  b o t h  

t h e  CS ( s o u n d )  a n d  UCS ( l i g h t ) ,  b u t  h a b i t u a t e s  t o  t h ?  

f o r m e r .  P a i r i n g  of CS-TICS r e s u l t s  i n  a l p h a  b l o c k i n g  i n  t h - .  

i n t e r v a l ,  w h i c h  d i s s i p a t e s  k i t h  time. I f  a m o t o r  r e s p o n s ?  

is r e q u i r e d  t h e  r e s p Q n s e  w i l l  b e  f a c i l i t a ' e d  a n d  more  

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

( 2 )  B a t a  ( l o w  v o l t a g e  f a s t  a c t i v i t y )  -- T n i t i a l l y  

a u g m s n t e l  t o  b o t h  CS a n d  TICS f o l l o w e d  b y  h a b i t u a t i o n .  

D u r i n q  CS-UCS p a i r i n g s  h e t a  a p p e a r s  t o  r e p l a c e  a l p h a  

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

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

a u d i t o r y ,  v i s u a l ,  a n d  m o t o r  c o r t ~ x ,  

( '3 )  Del t a  a n d  T h e t a  -- P r e s e n c e  o f  t h i s  a c t i v i t y  is  

d e p e n d e n t  u p o n  t h e  l e n q t h  o f  CS-UCS i n t e r v a l ,  f o r  s h o r t  

i n t e r v a l s  { <  1 SDC) i t  is n c t  g e n e r a l l y  s e e n ;  f o r  i n t s r v a l s  

o v e r  6 sec it may a p p e a r  i n  t h e  f i rs t  h a l f  o f  t h e  i n t l r v a l ,  

b e i n g  r e p l a c e d  by b e t a  a c + i v i t y  i n  t h e  l a s t  h a l f .  If 

D r e s s n t ,  i t  is u s u a l l y  f o c a l  i n  t h e  same a r e a s  a s  t h e  b e t a  

a c t i v i t y ,  o r  m a x i m a l  o v e r  m o t o r  c o r t e x  i f  a m a n u a l  

r e s p 9 n s e  is i n v o l v e d .  



(4 )  Slow P o t e n t i a l  C h a n g e s  -- S P C s  a re  e l i c i t e d  b y  ths 

E i r s C  f e w  p r e s e n t a t i o n s  o f  CS a n d  UCS, b u t  may h a b i t u a t e  

r a p i d l y .  D u r i n g  CS-UCS p a i r i n g s ,  S P C s  d e v e l o p  3s slow 

n l q a t i v e  s h i f t s  t h r o u g h o u t  t h e  i n t e r s t i m u l u s  i n t e r v a l .  A 

s t o t o r  r e s p o n s e  w i l l  i n c r e a s e  i t s  a m p l i t u d e  a n d  m a i n t a i n  it 

o v e r  t r i a l s .  I+ i s  q e n ~ r 8 l l y  m a x i m a l  a t  t h e  vortex a n d  

b i l a t e r a l l y  s y m m e t r i c a l .  

(5)  E v o k e d  P ~ t e n + i a l s  -- E P s  a r s  i n i t i a l l y  l a r g e  to 

h o C h  C S  and UCS, s h o w i n g  p r o g r o s s i v s  h a b i t u a t i o n ,  b e i n g  

s m a l l e s t  t o  t h e  C S  when i t  n o  l o n g e r  e l i c i t s  a l p h a  block in^. 

T h e  m a g n i t u d e  o f  t h i s  d i m i n u t i o n  i s  d e p a n d q n t  u p o n  t h e  

i n + + r s t i m u l u s  i n t 2 r v a l  (Ohman 2% a_&. 1 9 7 2 ) .  Wh?n CS a n d  

'TCS a r e   aired t h e  E P  t o  C S  i n c r e a s e s  i n  siz2 (Vl -P2  

c o r n D o n e n t )  a n d  a P 3 0 0  c o m p o n e n t  may a p p e a r ,  L a t e n c y  

c h a n g e s ,  if  p r e s e n t ,  w i l l  b f c o m e  s h o r t e r  w i t h  CS-UCS 

~ a i r i n g s .  

T h r ~ u q h o u t  t h e  c o u r s e  o f  t h i s  r - ? v i ? w ,  n o  s t u d i e s  wers 

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

p a r a d i g m ,  H o w e v e r ,  t h a t  t h e y  a l l  h a v e  a cofrimon d e n o m i n a t o r  

i n  t~ rms  of t h e i r  e l i c i t a t i c n  i n  a n  51-52 c o n d i t i o n i n g  

p a r a d i g m  implies t h a t  cne s k o u l d  b e  a b l e  t o  e x a m i n e  a l l  o f  

t h e m  c o n c o m i t a n t l y .  I f  t h i s  c a n  5e d o n e  o n e  c a n  t h e r .  t a l k  

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

m a n n e r ,  F o r  e x a m p l e ,  L o v e l e s s  a n d  S a n f c r d  ( 1 9 7 4 ,  1 9 7 5 )  a n 4  

Wserts a n d  Z a n g  ( 1 9 7 3 )  h a v e  c o n t e n d e d  t h 3 +  t h e  CNV i s  n o t  1 



u n i t a r y  p r o c e s s  b u t  a c c m p o u n d  r e s p o n s e  c o m p o s e 3  of a n  z a r l y  

a n d  l a t e  r e s p o n s e ,  T h i s  h i p h a s i c  r e s p o n s e  i s  b e s t  s 2 5 n  w i t h  

s l o n q  i n t e r s t i m u l u s  i n t e r v a l  (3 -4  s e c s ) .  T h e s s  a u t h o r s  

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

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

while t h e  n e q a t i v e  s h i f t  i n  the l a t  t s r  p a r t  of t h e  i n t e r v a l  

is a  c o r r e l a t e  o f  t h e  s u b j e c t ' s  e x p e c t a n c y  of  t h e  i m p e r a t i v e  

s + i % > l u s .  T h e s e  f i n d i n g s  h a v e  b e e n  e x t e n d + d  b y  K l o r m a n  

(1975) who s h o w e d  t h a t  t h i s  b i p h a s i c  w a v e f o r m  f o l l o w s  ? h e  

c a r d i a c  d e c e l e r a t i o n  c u r v e  i n  a r e a c t i o n  time p a r a d i g m ,  a n d  

K l o r m a n  a n d  B e n + s e n  ( 1 9 7 5 )  r e p o r t  t h a t  t h e  e a r l y  a n d  l a t e  

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

- w a v e f o r m  c o v a r i s s  w i t h  t h e  s y n c h r o n o u s  slow--low v o l t a y e  
- 

f a s t  a c C i v i t y  p a t t e r n  r e p o r t e d  i n  o t h e r  c o n d i t i o n i n q  s t u d i ? s  

w h i c h  d i d  not e x a m i n e  S P C s  t h e n  o n e  w i l l  h a v e  t o  make a 

c h o i c e  a s  tc w h e t h e r  t h i s  r e f l e c t s  " i n h i b i t i o n "  o r  

f l o r i ~ n t i n g . ~ ~  P e r h a p s  t h a t  p c r t i o n  of t h e  S1-S2  i n t e r v a l  i s  

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

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

e m p l o y e d  ( s i g n a l  a v e r a g i n g )  is c o n f o u n d i n q  t h e  two, I f  t h ?  

l a t t s r  is t h e  case, t h e n  s i n g l e  t r i a l  a n a l y s i s  s h o u l d  

u n c o v e r  t h e  r e l a t i o n .  
- 



CHAPTEH 3 

MFTHODS 

S u h j e c t s  --- ---- 
T h z  s u b j e c t s  were f i v e  r i g h t - h a n d e d  a n d  o n 2  l e f t - h a ~ d ? d  

f s m a l e s  r 2 c r u i t e d  f r o m  t h e  u n i v e r s i t y  c o m m u n i t y  a s  p a i d  

v o l u r t t e e r s  ( $ 2 . 5 0 / h o u r )  . T ~ E  s u h j e c t s  r a n g e d  i n  a g e  f r o i n  18  

t o  2 3  years. A 1 1  s u h j e c t s  were n a i v e  w i t h  r e s p 2 c t  t o  t h e  

h y p o t h e s i s  u n d e r  i n v e s t i g a + i o n .  An a d d i t i o n a l  s i x  s u b j e c t s  

were r u n  b u t  d i s c a r d e d  d u e  t o  e x c e s s i v e  a r t i f a c t  i n  t h e  EEG 

r e c o r d i n g s  . 

Beckman h i o p o t e n  t i a l  e l e c ' r o d e s  wire a f  f i x z d  t o  t t i ~  

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

ver ' - .?x  { C z )  , o c c t p i t a l  m i d l i n e  (Oz) , lift a n d  r i g h t  c e n t r a l  

( C 3 ,  C 4 )  a n d  l e f t  a n d  r i g h t  t e m p o r a l  ( T 3 ,  TY) a r e a s  ( J a s p e r  

1958) t o  r e c o r d  b r a i n  e l e c t r i c a l  a c t i v i t y  ( E E G ) .  

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

p r o c e s s  a n d  l i n k e d  f o r  the r e f e r e n c e .  Eye m o v s m e n t s  [ E O G )  

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

i n t r a - o r b i t a l  r i d g e  o f  t h e  r i g h t .  eye a n d  r e f e r e n c e d  t o  t h o  

l i n k 2 d  m a s t o i d s .  A l l  e l e c t r o d e  s i t e s  were b r i s k l y  a b r a d e d  

w i t h  F e d u x  p r i o r  t o  e l e c t r o d e  a p p l i c a t i o n .  T m p e d a n c e s  of 

s c a l p  e l e c t r o d e s  n e v e r  e x c e e d e d  2 . 0  s o h m s  a n d  the eye 



$ l e c t r o d ?  was u n d e r  5.0 Kohms a s  measured with 3 Grass EZM-1 

i m p e d a n c e  meter. 

An 8 - c h a n n e l  E l e m a - S c h c n a n d e r  R i n g o g r a f  EMT-12B a n d  

B i n g q q r a f  800 c o m b i n a t i o r  was  used t o  r e c o r d  E E G  a n d  EOG 

a c t i v i t y  a l o n g  w i t h  a s t i m u l u s  m a r k e r .  T h e  r o c q r d i n g  

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

T a b l e  I. 

O u t p u t  s i q n a l s  f r o m  +he M i n g o g r a f  were s t o r e d  o n  a P I  

6200 Ffl t a p e  r e c o r d e r  f o r  s u b s e q u e n t  o f f - l i n e  a n a l y s i s  o n  3 

3 e w l ? t ? - P a c k a r d  2116B c o m p u t e r .  p r i o r  t o  e a c h  e x p e r i m ; n t a l  

r u n  a se r i e s  o f  50 m i c r c v o l t  c a l i b r a t i o n  p u l s e s  ( G r a s s  SWC 

10) were a l s o  s t o r e d  o n  the FM t a p e .  

S t i m u l i  ------ 
A d u l l  E a r c o n i  AF O s c i l l a t c r  was u s ~ d  t o  g ' n e r a t e  th? 

two t o n e s  u s e d  a s  S1 (1000 Hz) a n d  S- (ROO Hz). B o t h  t o n e s  

wern 125 msec i n  d u r a t i o n  a n d  d e l i v e r e d  f r o m  s p e a k e r s  

located u n d e r  t h e  b e d  a t  SO dE ( G e n e r a l  S a d i o  Company T y p ~  

1551-C s o u n d - l e v e l  meter) a k o v e  a m b i u n t  n o i s e  l 2 v e l  of t h e  

room. None o f  t h e  s u b j e c t s  r e p o r t e d  h a v i n g  a n y  d i f f i c u l ' y  

d i s t i n q u i s h i n q  t h e  t o n e s .  

T h e  i m p e r a t i v e  s t i m u l u s  5 2  was + h a  f l a s h i n ?  of a Grass  

PS-2  p h o t i c  s t i m u l a t o r  l o c a t e d  1.0 meters a w a y  i n  d i r e c t  

l i n e  n i t 5  t h e  s u b j e c t ' s  g a z e .  T h &  PS-2 was s e t  a t  a n  

i n t 3 n s i t y  o f  1 6 ,  a n d  f l a s h e d  a t  13 p e r  sec u n t i l  t h e  s u h j 2 c t  



T A E L E  I 

R e c o r d i n q  mont a g e  and  a m p l i f  isr s s t t i n q s  

e m p l o y e d  f o r  all s u b j e c t s ,  



N  N N N N N  
x ~ x x x x x  
0 0 0 0 0 0 0  
m m m m m m m  



r e s p o n d e d  w i t h  a b u t t o n  p r e s s  o r  f o r  a maximum 3 f  1.0 sscs. 

An ?AT 6 2 0 0  c o u n t e r  was u s e d  t o  m e a s u r e  t h e  s u b j e c t s  

r e a c t i o n  time t o  t h e  n e a r e s t  msec. S t i m u l u s  p r e s s n t a t i o n  

a n d  t i m i n g  were c o n t r o l l e d  by a G r a s o n  S t a d l e r  s y s t o m .  

A T e k t r c n i x  516 d i g i t a l  p h o t o m e t o r  s q u i p p e 3  w i t h  a 

5 6 5 0 2  p r o b e  was u s e d  t o  measure r a d i a n t  l i q h t  l e v e l s  of t h -  

s u b  j o c t  p r e p a r a t i o n  a r e a  a n d  inside t h a  c u b i c l e  b o t h  w i t h  

a n d  w i t h ~ u t  t h e  PS-2 f l a s h i n g .  T h e s e  l e v e l s ,  i n i t i a l l y  

m e a s u r e d  i n  m i c r o  w a t t s  p s r  s q u a r e  c e n t i m e t e r ,  wera 

c o n v e r t e d  t o  f s o t  c a n d l ~ s  {ft-c), a s  o n e  f t - c  i s  e q u s l  t o  

1 , 7 3 3  micro wat ts  p e r  s q u a r E  c e n t . i m 9 t e r .  T h e  r e s u l t a n t  

v a l u e s  were 2 4 , 2 6 2  f t - c  f o r  t h e  s u b j e c t  p r l p a r a t i o n  r o o m ;  

3 8 . 1 2 6  f t - c  f o r  t h e  c h a m b e r  w i t h o u t  t h e  PS-2 f l a s h i n g ;  an3 

1 8 0 . 2 3 2  f t - c  f o r  t h e  c h a m b e r  w i t h  t h e  PS-2 f l a s h i n q .  

P r o c e d u r ?  -------- 
D u r i n g  t h e  e x p e r i m e n t a l  s e s s i o n  t h e  s u b j e c t  r e c l i n e d  on 

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

s o u n d  a t t e n u a t i n q  c u b i c l e  ( E e l l - C r o f t  I n d u s t r i e s ) .  T h e  

c u b i c l e  i l l u m i n a t i o n  was j u s t  s u f f i c i e n t  t o  a l l o w  m o n i t o r i n q  

o f  $-.he s u b j e c t  v i a  c l o s e d  c i r c u i t  t e l ~ v i s i o n .  A 5-10 m i n u t ?  

p e r i a d  f o l l o w i n g  t h e  s u b j e c t ' s  p l a c e m e n t  i n  t h e  c u b i c l e  was 

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

E a c h  s u b j e c t  was p r e s e n t e d  w i t h  a c o n t i n u o u s  

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



p a r a d i q m .  T h e  t o t a l  s e s s i o n  is h e u r i s t i c a l l y  d i v i d e d  i n t o  

t h r e e  sessions: p s e u d o c o n d i t i o n i n g ,  a c q u i s i t i o n ,  a n d  

? x t i n c t i o n .  No Itrest p e r i o d s t 1  o r  i n s t r u c t i o n a l  

c o m m u n i c a t i o n s  were g i v e n  t c  t h e  s u b j e c t  o n c e  t h e  s e s s i o n  

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

~ i t h s r  S 1 ,  S - ,  or  5 2  i n  a r a n d o m  o r d e r  w i t h  t h s  c o n s t r a i n t  

+hat S1 w a s  n e v e r  f o l l o w s d  b y  S 2  w i t h o u t  a t  l e a s t  o n e  

i n C s r v e n i n g  S- ( R ~ s c o r l a  1 9 6 7 ) -  A t o t a l  o f  30 

p r 3 s e n t a t i o n s  1 1 0  o f  e a c h  s t i m u l u s )  were made w i t h  t h e  

i n t e r t r i a l  i n t e r v a l  v a r y i n g  b e t w e e n  11 a n d  6 0  sxs.  

D u r i n g  a c q u i s i t i o n ,  S 1  a n d  S 2  were te m p o r a l f  y p a i r e d  

s u c h  t h a t  51 a l w a y s  p r e c e d e d  52 by 4 . 0  secs. T h e  i m p e r a t i v e  

s t i ~ ~ u l u s  S 2  w a s  n s v o r  p r e s e n t e d  a l o n ?  Qr i n  close t e m p o r a l  

r e l a t i o r .  t o  S-. T h e  5 1 - 5 2  p a i r  a n d  5- were p r e s e n t e d  i n  

r a n d o m  o r d 2 r  70  times e a c h  f o r  a t o t a l  o f  1 4 0  t r i a l s .  

 gain, t h e  i n t e r t r i a l  i n t e r v a l  v a r i e d  f r o m  1 1  t o  60 secs. 

T h e  f i n a l  c o n d i t i o n ,  e x t i n c t i c n ,  c o n s i s t e d  of t h e  

r a n d o m  p r a s e n t a t i o n  o f  e i t h e r  S 7  o r  S- a l o n e  1 0  times e a c h  

f o r  a  t o t a l  of  2 0  t r i a l s .  f n  e x t i n c t i o n ,  S 2  was n e v p r  

p r e s 2 n t e d .  

P r i o r  t o  d a t a  c o l l e c t i o n  e a c h  s u b j e c t  was F n s t r u c + e d  3s 

f o l l o w s :  



Prom time t o  time y o u  w i l l  h e a r  o n e  of two 

t o n e s  c o m i n g  f r o m  a s p e a k e r  u n d e r  t h e  bed,  or  

t h i s  l i g h t  ( p o i n t  t o  PS-2) w i l l  c o m e  o n  a n d  

f l a s h  v e r y  r a p i d l y  a n d  i n t e n s e l y .  Wh+n t h i s  

l i g h t  c o m e s  o n  p r e s s  t h a t  b u t t o n  ( h e 1 3  i n  

p r e f e r r e d  h a n d )  a s  f a s t  a s  you  c a n  a n d  you 

w i l l  s h u t  t h e  l i g h t  o f f ,  

Any q u e s t i o n s  t h e  suhject h a d  were t h e n  a n s w e r e d  a n d  

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

h o l d i n g  eye a n d  body m o v e m e n t s  t o  a minimum a n d  t h e  u s e  o f  

t h e  i n t e r c o m ,  

F o l l o w i n g  t h e  e x p e r i m e n t a l  s e s s i o n ,  t h e  s u b j e c t s  were 

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

i n  3 9  a t + ? % p t  t o  a s c e r t a i n  t v h e t h e r  they h a d  g r a s p e d  t h e  

~ s s o c i a t i o n  b e t w e e n  S 1  a n d  S2, 

Data S t o r a q z  ---- ---- 
T h e  EEG a n d  E O G  d a t a  a l o n g  w i t h  c a l i b r a t i o n  a n d  t i r n i n ~  

p u l s e s  w h i c h  h a d  b e e n  s t o r e d  o n  FY t a p 2  were s u b s e q u ~ n t l y  

p l a y e d  back t h r o u g h  t h e  M i n g o g r a f  i n t o  t h e  H e w l s t t - P a c k a r d  

f o r  s t o r a g o  o n  d i g i t a l  m a q n e t i c  t a p e .  Data f o r  e a c h  s u b j e c t  

were p l a y e d  i n t o  t h e  c o m p u t e r  t h r e e  times i n  o r d e r  t o  o b t a i n  

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

s a m p l i n g  r a t e s  o n  t h e  c c m p u t e r  f o r  t h e  w a v e f o r m  of i n t e r 2 s t .  

f o r  t h e  f i r s t  r e p l a y  t o  o b t a i n  t h e  s l o w  p c t e n t i a l  (SPC) d a t a  



t h e  Y i n g o g r a f  was s e t  t c  p a s s  a c t i v i t y  from DC-30 Hz a n d  t h e  

s a m p l i n q  e p o c h  was 5 , 5 3 0  s ~ c s  o v n r  1 0 2 4  p o i n t s  p e r  c h a n n e l .  

T h e  s e c o n d  p a s s  t o  s t o r e  t h e  b a c k g r o u n d  EEG ( B E E G )  e m p l o y a d  

3 h a n d p a s s  of  1 . 0  ( T . C .  = 0 . 1 5  snc) t o  30 Hz o n  t h e  

M i n g o q r a f  a n d  a 5 . 5 3 0  sec  s a m p l i n g  e p o c h  w i t h  1 0 2 4  p o i n t s  o n  

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

( E P )  t o  t h e  t o n e  s t i m u l i .  For t h e  EP d a t a ,  t h e  M i n g o g r i l f  

was ;st t o  p a s s  DC-30 Hz a c t i v i t y  a n d  + h e  c o m p u t e r  s a m p l e d  

f o r  1 . 0 2 4  secs o v e r  1 0 2 4  p o i n t s .  

Due  t 9  p r o g r a m m i n g  l i m i t a t i o n s ,  e v e r y  time i n + e r v a l  

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

H o w e v e r ,  o n l y  t h o s e  t r i a l s  w h i c h  t h e  o n - l i n e  p a p e r  r n c o r d  

showed t o  b e  f r e e  o f  e y e  m o v e m e n t s  a n d  o t h o r  a r t i f a c t s  wpr? 

u s e d  f o r  s u b s e q u e n t  a n a l y s i s .  

F o r  d i s p l a y  p u r p o s e s ,  t h e  S P C  d s t a  f o r  e a c h  s u b j e c t  w2re 

a v e r a g e d  i n t o  d i s t i n c t  b l o c k s  w i t h i n  t h e  p s @ u d o c o n d i t i o n i n q ,  

a c q u i s i t i o n ,  a n d  e x t i n c t i c n  p e r i o d s ,  F o r  t h e  

p s e u d o c o n d i t i o n i n g  a n d  e x t i n c t i o n  c o n d i t i o n s  a v e r a g e s  wer2 

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

The 1 4 0  a c q u i s i t i o n  t r i a l s  were v i n c e n t i z e d  i n t o  5 b l o c k s  of 

2 8  t r i a l s  a n d  a l l  t h e  u s a b l e  5 1 - 5 2  a n d  S- t r i a l s  w i t h i n  

sach b l o c k  were sveraqed  s e ~ a r a t e l y .  A t o t a l  o f  15 a v e r a g + s  

were t h u s  c o n s t r u c t e d  a t  e a c h  e l e c t r o d e  f o r  e a c h  s u b j e c t ,  

A l l  s t a t i s t i c a l  a n a l y s e s  were, h o w e v e r ,  b a s e d  on  t h e  

q g u s a b l e n  s i n q l e  t r i a l s  c b t a i n e d  from e 3 c h  s u b j e c t  r a t h q r  



t h a n  t h e  a v e r a g e s .  E a c h  s i n g l e  t r i a l  w a s  q u a n t i f i e d  t h r e 2  

d i f f a r ~ n t  t imes a c c o r d i n g  t c  t h e  t y p e  of E E G  a c t i v i t y  (SPC,  

3 E ? G ,  o r  E P )  o f  i n t e r e s t .  

P a t a  Q u a n t i f i c a t i o n  ---- -- ---------- 
S l o w  p o t e n t i a l s  were q u a n t i f F e d  a s  t h e  mean a m p l i t u d s  

i n  e a c h  O • ’  10 s e g m e n t s  b e g i n n i n g  a t  S 1  c n s e t  a n d  e n d i n q  a t  

t h a t  p o i n t  a t  w h i c h  t h e  l i g h t  (52) e i t h e r  d i d  o r  w o u l d  hav?  

3 c c u r r e d .  T h e s e  mean  a m p l i t u d e s  were t a k e n  r e l l t i v e  50 a 

I t b a s e l i n e w  d e f i n e d  a s  t h e  mean o f  t h e  a c t i v i t y  i n  t h n  1 .0  

S ~ C  i n t e r v a l  p r i o r  t o  t o n e  c n s e t .  T h 9 s e  moan a m p l i t u d e s  

vgro c o n v e r t e d  t o  m i c r o v o l t s  b y  c o m p a r i s o n  t o  t h e  5 0  

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

? x p e r i r n e n t a l  r u n .  F i g u r e  1  d e p i c t s  + h e  i n t e r v a l s  q u a n  t i f i - ? d  

F o r  a n  a v e r a g e d  SPC o b t a i n e d  a t  Cz, E a c h  s i n g l e  t r i a l  

w a v e f o r m  w a s  d i g i t a l l y  f i l t ~ r e d  w i t h  a b r i c k  w a l l  l o w  p a s s  

f i l t e r  ( l i c h a l e w s k i  1976)  a t  8 - 0  Hz p r i o r  t o  a m p l i t u d e  

q u a n t i f i c a t i o n .  M e a s u r e m e n t s  o f  SPC a m p l i t u d e  were n o t  

p e r f o r m e d  f o r  t h e  d a t a  r ~ c o r d e d  f r o m  T 3  a n d  T 4  a s  t h e  s h o r t  

t.irn? c o n s t a n t  u s e d  (0.15 s e c s )  f i l t e r e d  o u t  a n y  SPC 

r e s p o c s e s  which may h a v e  beer p r e s e n t .  

B a s e l i n e  t o  p e a k  a m ~ l i t u d e s  a n d  l a t e n c i e s  f o r  a  

n e g a t i v e  p z a k  o c c u r r i n g  w i t h  a l a t e n c y  o f  80-160 msec (N1) 
* 

a n d  a  p o s i t i v e  p e a k  w i t h  a l a t e n c y  of 3 0 0 - 6 0 0  rnsecs ( P 3 )  a; 

r e c o r d e d  3t C z  were q u a n t i f i e d  f o r  t h ?  ED d a t a .  P r i o r  



FIGURE 1 

S a m p l e  a v e r a q e d  vertex r e s p o n s e  from 

subject n u m b e r  0 1  d e p i c t i n g  t h e  

segment a n a l y s i s  m e t h o d .  N 5 g a t i v i t y  

a t  t h e  a c t i v e  electrode i s  r e f l e c t e d  

a s  an  upward deflection i n  t h i s  a n d  

a l l  s u b s e q u e n t  f i y u r e s .  





t o  q u a n t i f i c a t i o n  e a c h  t r i a l  was f i l t e r e d  w i t h  t h e  b r i c k  

w a l l  f i l t z r  a t  5.5 Hz a n d  the b a s e l F n e  was s e t  as  t h e  m?an 

o f  + h e  a c t i v i t y  i n  t h e  2 0 0  msec p r e - t ? n e  i n t e r v a l ,  S i m i l l r  

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

h o w e v e r ,  t h e  E P s  a t  t h e s e  sitss werc t o o  o b s c u r 2  e v e n  aft+r 

f i l t e r i n g  t o  be  r e l i a b l y  q u a n t i f i e d .  I n  f a c t ,  ~ 3 0 0  was not  

c l e a r l y  d i s t i n g u i s h a b l e  i n  e v e r y  t r i a l  f o r  e a c h  s u b j e c t  a n 3  

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

A n a l y s i s  o f  t h e  BEEG d a t a  f o r  e a c h  c h a n n e l  was d o n e  b y  

c a l c u l a t i n g  a  series of F o u r i ~ r  t r a n s f o r m s  (FT) a t  

s u c c e s s i v e  time p o i n t s  a l o n g  the w a v e f o r n  a s  s h o w n  i n  F i q u r a  

2 .  T ~ s  FT s u b r o u t i n e s  were t a k e n  f r ~ m  t h ~  IMSL packaqa 

(Not? 1 )  a n d  a s s e m b l e d  i n t o  a  u n i t  b y  D r .  R.F. Koopman. 

Z a c h  FT w a s  c a l c u l a t e d  f o r  1 8 4  d a t a  p o i n t s  o v e r  a 9 9 3 . 6  ms-?c 

+ime p e r i o d ,  r e s u l t i n g  i n  s ~ e c + r a l  c o m p o n e n t s  c o v e r i n g  1 .006 

t o  32.593 Hz i n  1 . 0 0 6  Hz 5 n c r e m e n t s .  T h e  p o w e r  (sum o f  s i n e  

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

s G p a r a t e  f r e q u e n c y  b a n d s ,  1 . 0 0 6 - 4 , 0 2 6 ,  5,032-7.045, 

8 , 0 5 2 - 1 2 . 0 7 7  a n d  1 3 , 0 8 4 - 3 0 . 1 9 3  Hz wers s u m m a t o d  f o r  each o f  

t h o  FTs c a l c u l a t e d .  T h i s  F c w e r  p r e s D n t  i n  e a c h  b a n d  w a s  

t h - ? n  expressed a s  a p e r c e n t a g e  o f  t h ?  t o f a l  p o w 3 r  (sun o f  

s i n e  a n d  c3sine s q u a r e d  v a l u e s  of all components) i n  t h e  

1 . 0 0 6 - 3 0 . 1 9 3  Hz b a n d  ( M a t o u s e k  1 9 6 7 )  . T h e s e  p e r c e n t  pow'r 

f i g u r e s  t h u s  f o r m  a l i n s a r  c o m b i n a t i o n  w i t h  a sum of 1 0 0 % .  

'hr I I 



F I G U R E  2 

I n t e r v a l s  over  w h i c h  F o u r i e r  T r a n s t o r m s  

were c a l c u l a t e d ,  a n d  t h e  p e r c e n t  p o w e r  

o b t a i n e d  i n  t h e  f r ~ q u e n c y  b 3 n d s  o f  e a c h  

t r a n s f o r m  for t h a t  waveform, B a n d s  a r e  

consecutively numbered from 1 t o  16 a n 3  

a r e  s u b s e q u e n t l y  referred t o  b y  those 

n u m b e r s  i n  +.he d i s c r i m i n a n t  a n a l y s ~ s .  

T h e  n o t a t i o n s  1-4, 5-7, 8 - 1 2  3 n 3  13-30  

rsfer t o  t h e  a p p r o x i m a t e  f r e q u e n c y  limits 

of each  b a n d .  





As a r e s u l t ,  a n  i n c r e a s e  i n  p e r c e n t  p o w e r  i n  a n y  o n e  

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

3r v i c e  v 9 r s a .  T h e r e  i s  n o  r e a s o n  t o  n x p e c t  t h a t  t h i s  

s h o u l d  he  a o n e - t o - o n e  r e l a t i o n s h i p  o f  a n y  t w o  f r e q u e n c y  

b a n d s ,  w h e r e ,  f o r  e x a m p l e ,  a d e c r e a s s  i n  8-12 Hz a l w a y s  

r e s u l t s  i n  a n  i n c r e m e n t  i n  1-4 Hz a c t i v i t y .  T h e  l o w e r  

p o r t i o n  o f  F i g u r e  2 d e p i c t s  t h e s e  d a t a  a s  o b t a i n e d  f o r  t h 2 t  

s i n g l e  t r i a l .  

A series o f  5 0  m i c r o v c l t  s i n e  w a v e s  v a r y i n g  i n  

f r e q u e n c y  from 1-705 Hz were s t o r e d  o n - l i n e  o n  d i g i t n l  t a p s  

t o  c h e c k  t h e  FT r o u t i n e .  T h e  F T s  c a l c u l a t e d  o n  t h e s e  d a t a  

s h o w e d  n o  e v i d e n c e  o f  a l i a s i n g  a n d  t h 2  a n p r o p r i a t e  s p 2 c t r a l  

c o m p o n e n t s  were i d e n t i f  i ~ d  i n  e a c h .  I n  a d d i t i o n ,  a c t i v i t y  

I n  t h e  31,200-92.593 Hz b a n d  was p x p r e s s e d  a s  a p e r c s n t a q e  

? f  t h e  t o t a l  p o w e r  from 1.OC6-92,593 Hz. T h a t  t h i s  v a l u e  #as 

r o u t i n e l y  less t h a n  1 .OX is f u r t h e r  i n s u r a n c e  a g a i n s t  

p o s s i b i l i t y  of h i g h  f r e q u e n c y  a c t i  v F t  y b e i n g  p r e s e n t  w h i c h  

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

Data A n a l y s i s  ---- ---- --- 
D o n c h i n  (1966, 1969 a ,  k) a n d  D o n c h i n  a n d  H e r n i n q  (1975) 

h a v e  d 2 m o n s t r a t e d  t h e  e f f i c a c y  o f  s t s p w i s p  d i s c r i m i n a n + .  

a n a l y s i s  ( S W D A )  i n  i d e n t i f y i n g  t hose  e v o k e d  p o t o n  t i a l  

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



As t h e  p r i n c i p l e  q u e s t i o n  b e i n g  a s k e d  h e r 9  i s  n o t  o n l y  " a r a  

t h e s ?  w a v ? f o r m s  (SPC o r  B E E G )  d i f f e r e n t u  b u t  " a t  w h a t  

p o i n t  (s) i n  time i s  t h i s  d i f f e r e n c e  m a x i m a l t f  t h e  SWDA ( N o + ?  

2 )  ~ r o c e d u r e  was c h o s e n  a s  the p r i n c i p l e  s t a t i s t i c  f o r  t h i s  

t h 3 s i s .  d i l k s '  l a m b d a  was e m ~ l o y e d  3 s  the r n q a s u r e  o f  q r o u y  

3 i s c r i m i n a t i o n .  W i t h  t h i s  c r i t e r i o n  t h e  v a r i a b l e  w h i c h  

% a x i m i z e s  t h e  g r a t i o ,  t h e r e b y  m i n i m i z i n g  t h e  v a l u e  of 

l a m b d a ,  is t h e  v a r i a b l e  e i t h e r  e n t e r e d  i n t o  o r  r e m o v e d  f r 3 x  

the d i s c r i m i n a n t  f u c c t i o n .  A d d i t i o n a l  a n a l y s e s  were 

c o n d u c t e d  w i t h  relat-ed +_-tests (Note 2) t o  d e t e r m i n e  i f  t h ?  

B E E G  c h a n q e d  s i g n i f i c a n t l y  k i t h i n  a s i n g l e  t r i a  1, Canonical 

c o r r e l a t i o n s  ( N o t e  2 )  were c m p l c y e d  i n  a n  a t t e m p t  t o  p r e d i c t  

S P C  a m p l i t u d e  f r o m  t h e  B E E G ,  A l l  a n a l y s e s  w E r ?  p e r f o r m e d  

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

tr i31s a s  r e p l i c a t i o n s .  Thus, h e u r i s t i c a l l y  s p s a k i n g ,  the 8 

f o r  a n y  a n a l y s i s  c o u l d  v a r y  f r o m  8 - 1 4  d e p e n d i n g  o n  how many 

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



CHAPTER 4 

RESULTS 

3 3 h 3 v i o r a l  D a t a  ---------- ---- 
F i q u c s  3 i s  a n  o v E r l a y  cf th? r ? a c t i o n  timss o b t a i . n ? d  

for  + h e  s i x  s u b j e c t s  o n  e v e r y  t r i a l .  T r i a l s  1-10 were l i q h t  

? I o n 2  p r e s e n t a t i o n s  d u r i n g    sue do conditioning w h i l e  11-80 

% P r o  S1-S2 p a i r s  i n  a c q u i s i t i o n .  A l t h o u g h  t h e r ?  is 

c o ~ s i d s r a b l e  v a r i a b i l i t y  b o t h  b e t w e e n  t r i a l s  a n d  b e C w e s n  

~ u b i 3 c t s ,  a g e n e r a l  t r e n d  t o w a r d s  f a s t e r  r e a c t i o n  t imes  can  

h e  seen. T h i s  d e c r e m e n t  r e a c h e s  a p l a t e a u  a r o u n d  t r i a l  20  

r e m a i n i n g  r e l a t i v e l y  s t a k l e  t h e r e a f t 2 r .  

A l l  s u b j e c t s  b u t  nurnker  3 u E r e  a b l e  t o  s p o n t a n e g u s l y  

v e r b a l i z e  s o m p  r e l a t i o n  b e t  h e e n  t h o  a p p r o p r i a t e  t o n e  and t h ?  

l i g h t  3% t h e  p o s t - e x p e r i m e n t  i n t e r v i e w .  S u b j e c t  n u m b e r  3, 

hcwavor ,  c o n f e s s e d  t h a t  s h e  had s p e n t  t h e  e n t i r e  experiment 

w o r r y i n g  a b o u t  " termite p r c k l e m s  i n  h o u s e s  i n  A f r i c a , "  T h i s  

s u b j e c t ,  a l o n g  with s u b  j fc t  2 ,  i s  responsible f c r  m o s t  o f  

+h2 a b e r r a n t  p o i n t s  s e e n  i n  t h e  r ~ a c t i o n  t i m ~  d 3 t a .  I c  

s p i t ?  o f  h l r  o c c a s i o n a l  a b e r r a n t  p e r f o r m a n c e ,  s u b j e c t  2 was 

one c ~ f  t h e  t w o  s u b j e c t s  d i s ~ l a y i n g  t h e  f a s t e s t  o v e r a l l  

r e a c t i o n  time. 

Slow P ~ t ? n t i a l  Chanqps ---- --------- ---- 
F i g u r e s  4-9 s h o w  t h e  a v e r a g e d  S P C  w a v s f o r m s  o b t a i n e d  

f o r  e a c h  s u h i e c t  i n  t h e  p s e u d o c o n d i t i o n i n q ,  a c q u i s i t i o n  3 n d  



Reaction time for a l l  s u b j e c t s  o n  e v e r y  trial. 

T r i a l s  1-10 were l i g h t  a l c n e  (S2)  presentations 

i n  P s e u d o c o n d i t i o n i n g .  T r i a l s  11-80 were S 1 -S2  

p a i r i n q s  i n  A c q u i s i t i  cn.  





e x t i n c t i . 9 3  c o n d i t i o n s ,  P r e s e n t a t i o n  ? f  e i t h e r  S 1  o r  S -  

d u r i n g  p s e u d o c o n d i t i o n i n g  e l i c i t s  a c  e v o k e d  p o t 2 n t i a l  i n  t h s  

c e n t r a l  3r9as  ( C z ,  C 3 ,  C 4 )  f c l l o w e d  b y  a p r c l o n g e d  n 2 g 3 t i v e  

- l e f l ? c + - i o n  (SPC)  w h i c h  g r a d u a l l y  r e t u r n s  t o  b a s e l i n e ,  

o c c i p i t a l  p o t e n t i a l s  t o  + h e  same s t i m u l i ,  h o w e v e r ,  c 9 n s i s t  

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

a a r k e d  n e g a t i v i t y  p r i o r  to r e t u r n i n g  t o  b a s e l i n e ,  D u r i n g  

a c q u i s i t i o n ,  t h e  r e s p o n s e s  e l i c i t e d  b y  t o n e - l i g h t  p a i r s  at 

Cz, C 3  a n d  C 4  a p p e a r  t o  + a k e  o n  a h i p h a s i c  m o r p h o l o g y  h e i n 3  

t n a x i z a l  just pos t -S1  a n d  p r e S 2 ,  w i t h  a lcw p o i n t  i n  t h e  

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

c o r r e s p o n d  r e s p e c + i v e l y  t o  s e g m e n t s  2-3, 8-10 a n d  4-7 a s  

d e p i c t e d  i n  F i g u r e  1. F ~ s p c n s e s  t o  S -  g e n ~ r n l l y  d o  n o t  h s v 3  

t h c  l a + e  r i s i n g  n e g a t i v i t y  s e e n  o n  t h n  p 8 i r e d  t r i a l s .  

E a + h ~ r ,  t h e y  seem t o  s h o w  a  p r c g r s s s i v e  d e c l i n ~  i n  a m p l i t n 2 e  

f o l l o w i n g  the i n i t i a l  p e a k  a r o u n d  s e g m e n t s  2-3. E a r l y  

c o m p o n e n t s  ( s e g m q n t  1-3) o f  t h e  o c c i p i t a l  ( 0 2 )  r e s p o n s u s  a f ?  

-5 imi lar  i n  b o t h  c o n d i t i c n s  s h o w i n g  a  l a r g e  p o s i t i v e  

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

i n  the s1-S2 t r i a l s  only. C u r i n g  e x t i n c t i o n ,  the l a t e  

n e g a t i v e  rise f o l l o w i n g  S 1  s u b s i d a s  a n d  t h z  t w o  w a v e f o r m s  

a g a i n  b e c o m e  e s s e n t i a l l y  s i n i l a r  a l t h o u g h  there is  evident*? 

of a mor? s u s t a i n e d  p o s t - E P  n e g a t i v i t y  t h a n  was s e e n  i n  

a c q u i s i t i o n .  T h ?  e x c e p t i c n  t o  t h e s e  g ~ n e r a l  t r e n d s  i s ,  2f  

c o u r s e ,  s u b j e c t  3 who s h o w s  e s s e n t i a l l y  n o  SPC c h a n g e s  o v e r  



F I G U R E  4 

Avsraqed S P C  waveforms f o r  subject number  01. 
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FIGURF 5 

Averaged SPC wavsforms f o r  s u b j e c t   umber 0 2 .  
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F I G U R E  6 

Averaged SPC wavefcrms for s u b j e c t  number 0 3 .  
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FIGURE 7 

Averaged S P C  waveforms f o r  s u b j e c t  n u m b o r  04. 
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FIGURE 8 

A v a a q e d  SPC waveforms f o r  s u k  j e c t  n u m b e r  0 5 .  





FTGURE 9 

Averaged SPC waveforms f o r  s u b j e c t  numbe r  0 6 .  
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~ c q u i s i t i o n .  T h e  f l a t  a p p e a r a n c e  of T3 3 r d  T4 i n  a l l  

c o n l i t  i o n s  a t t e s t s  t o  t h e  f i l t e r i n g  c h a r a c t e r i s t i c s  o f  t h - ?  

s h o r t  t i m a  c o n s t a n t  ( 0 . 1 5  s e c )  e m p l o y e d  f o r  t h e s e  c h a n n e l s .  

Mean S P C  a m p l i t u d e s  f o r  t h e  1 0  s e g m e n t s  a t  e a c h  

+ l ~ c t . r o d ?  q b t a i n e d  w i t h  + h e  SUPA a n a l y s i s  o f  ?*ch  s u h j ~ c t ~ s  

s i n c ~ l e  t r i a l  d a t a  a r e  t a b l e d  i n  A p p e n d i x  A .  T h e  g r a n d  mean 

3f + h c s e  a m p l i t u d e s  o b t a i n e d  a c r o s s  s u b j e c t s  a re  p l o t t e d  i n  

F i g u r e s  10-14 .  I c i t i a l l y ,  d a t a  f o r  t h e  5 1 - 3 2  a n d  S- t r i a l s  

w2re a n a l y z e d  s e p a r a t e l y  a s  d r a w n  i n  P i g u r a s  1 0 - 1 4  to 

d a t ? r m i n s  i f  t h e r e  were a n y  c h a n g e s  i n  S P C  m o r p h o l o g y  o v e r  

a c q u i s i t i o n .  T a b l e  I T  n h c w s  t h e  n u m b e r  of t imes e a c h  

s e g m s n t  was e n t e r e d  i n t c  t h e  SHDA f o r  t h s  5 1 - S 2  

c o m p a r i s ~ n s .  Thc c c n s i s t e c t  e n t r y  o f  s e g m e n t s  1 - 3  and 7 - 1 3  

i n + o  t h e  SXDA a t  t h e  c e n t r a l  e l e c t r c d s s  s u p p o r t s  t h o  

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

a v e r  a g e d  S P C  w a v e f o r m s ,  E x a m i n a t i o n  o f  F i g u r c s  10- 1 4  

r e v 5 a l s  t h s s e  c h a n g e s  t c  b e  o f  a n  i n i t i a l  i n c r e a s e  a n d  

s u b s e q u e n t  d e c l i n e  i n  n e g a t i v i t y  o f  s e g m @ n t s  1-3  w h i l e  a 

g e n e r a l  i n c r e a s e  i n  n e g a t i v i t y  c c c u r r s d  i n  s s g a s n t s  7 - 1 0  

f o r  Cz, C 3  a n d  C4. O c c i p i t a l  ( 0 2 )  r e c o r d i n g s  o n  t h e  o t h - l r  

h a n d  s h o w  a m a r k e d  p o s i t i v e  d e f l e c t i o n  i n  s e g m z n t s  1 - 3  w i t h  

a n  a b r u p t  r i s e  i n  n e q a t i v i t y  i n  s e g m e n t s  9 -10 .  T h i s  e a r l y  

p o s i t i v i t y  i n  O z  s h o w s  a n  i r r e g u l a r  g r o w t h  i n  a m p l i t u d e  up  

t o  b l o c k  4 o f  a c q u i s i t i o n  w i t h  a d e c l i n e  i n  b l o c k  5 .  MPan 

a m p l i t u d - s  f o r  t h e  l a t e r  s e g m e n t s  ( 9 - 1 0 )  a t t a i n  a n e g a t i v e  



F I G U R E  10 

G r a n d  mean SPC a m ~ l i t u d e  o b t a i n e d  o v e r  

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

e y e  e l e c t r o d e .  
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Grand msan SPC a m ~ l i t u d e  o b t a i n e d  over 

all s u b j e c t s  f o r  ~ a c h  c o n d i t i o n  3t Cz. 
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Grand mean SPC a m ~ l i t u d e  o b t a i n e d  o v e r  

a l l  s u b j e c t s  FCL e a c h  c o n d i t i o n  a t  Oz .  
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G r a n d  mean SPC a m ~ l i t u d e  o b t a i n e d  over 

a l l  subjects f o r  e a c h  c o n d i t i o n  a t  C?, 
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Grand mean SPC a m ~ l i t u d e  o h + . a i n n d  over 

a l l  s u b j e c t s  f o r  each c o n d i t i o n  a t  C4. 
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p o l a r i t y  b y  t h e  s s c o n d  b l c c k  o f  a c q u i s i t i o n  w h i c h  c o n t i n u 3 s  

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

t r i a l s  a r e  a l s o  s u m m a r i z e d  i n  T a b l e  I T .  E x a m i n a t i o n  o f  

t h i s  t a b l e  a n d  F i g u r e s  10-14  s h o w  t h +  c h a n g e s  i n  SPC 

3 r n p l i t u d e  to h e  s i m i l a r  i n  a l l  c o m p o n e n t s  a t  C z ,  C 3  3 n d  C4, 

' a k i n g  ths f o r m  o f  a g e n e r a l l y  d e c r e a s i n g  n e g a t i v i t y .  T h 2  

i n i t i a l  ~ o s i t i v i t y  is a g a i n  s e e n  a t  Oz a l C h o u q h  s m a l l ? r  i n  

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

5 1 - S 2  t r i a l s ,  T h e  r e m a i n d e r  o f  + h e  w a v e f o r m  a t  O z  

f l u c t u a t e s  n e a r  t h e  a r b i t r a r y  b a s e l i n e  w i t h  a s m a l l  l 8 t a  

( s e g m e n t  9-10) rise i n  n e g a t i v i t y  o c c u r r i n g  o n l y  o n  t h ?  

l a s t  a c q u i s i t i o n  b l o c k ,  

S u b s a q u 2 n t l y ,  p a i r s  o f  SPCE e l i c i t e c !  b y  S 1  a n d  S- 

werz e v a l u a t e d  i n  p s e u d o c o n d i t i o n i n q ,  5 b l o c k s  o f  

~ c q u i s i t i ~ n ,  a n d  d u r i n g  e x t i n c + i o n .  T h o s o  s e q n e n t s  w h i c h  

c o n ' r i b u t e d  t o  thn s W D A  a n a l y s e s  a r e  s u m m a r i z e d  i n  T a b 1 2  

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

A p p e n d i x  B. No c o n s i s t l n t  s i g n i f i c a n t  d i f f e r e n c e s  wern 

s e e n  i n  S P C  m o r p h o l o g y  d u r i n g  p s e u d o c o n d i t i o n i n g  t r i a l s  3' 

a n y  e l e c t r o d e .  ' T h i s  i s  f u r t h e r  s u p p o r t e d  b y  t h ?  

e s s e n t i a l l y  o v e r l a p p i n g  c u r v e s  i I ?  F i g u r e s  10-14.  H o w s v e r ,  

o v e r  t h e  c o u r s e  o f  a c q u i s i t i o n  t h e  t w c  w a v e f o r m s  wers 

f r e q u e n t l y  d i s s i m i l a r .  T h e  t e m p o r a l  l o c a t i o n  a n d  d e g r z s  of 

t h e s ~  d i f f e r e n c e s  v a r i e d  f o r  e a c h  e l e c t r o d e  sit3 a s  

s c q u i s i t  i o n  p r o g r e s s e d .  f n i t i a l  d i f f  e r 2 n c e s  b e t w e e n  t h e  



T A E L E  IT 

T o t a l  n u m b e r  cf times e a c h  SPC s s g m ? n t  

was e n t e r e d  i n t o  t h e  SWDA a n a l y s i s  of 

S 1 - S 2  comparisons a n d  S- c o m p a r i s o n s  

o v e r  a c q  u i s i + i c n .  



SEGMENTS 

EYE 



T A E L E  I11 

T o t a l  number cf times e a c h  SPC segment 

was entered i n t o  t h e  S W D A  a n a l y s i s  

c o m p a r i n g  S 1  a n d  S- t r i a l s  i n  each  

c o n d i  t i o n ,  
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t w o  w a v e f o r m s  r e c o r d e d  a t  C z ,  C 3  a n d  C 4  a r e  i n  s e g m e n t s  

1 - 4 ,  w h i c h  e x h i b i t  s u b s t a n t i a l l y  l a r g e r  n e g a t i v i t y  f o r  t h z  

S 1 - S 2  t r i a l s .  T h e  c o n t r i b u t i o n  o f  the l a t t e r  s e g m e n t s  7-10 

t o  + h i s  d i f f e r e n c e  a p p e a r s  t o  b e  c o n c e n t r a t e d  a t  block 3 of 

a c q u i s i t i o n ,  F u r t h e r m o r e ,  t h e s l  c o m p c n z n t s  d o  n o t  p l a y  a s  

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

d i s c r i a i n a n t  f u n c t i o n .  R e c c r d i n q s  f r o m  t h e  o c c i p u t ,  

~ O W G V P T ,  a p p e a r  t o  be  m a x i m a l l y  differentiated by t h e  l a t e r  

s e g m s n t s  (8-10) t h r o u g h c u t  c o n d i t i o n i n g  f r c m  b l o c k  2 9 n .  

T h e  ? a r l y  p o s i t i v i t y  d o ~ s  d i s c r i m i n a t 2  b e t w e e n  t h e  two 

waveforms t o  some e x t e n t  h u t  e o t  a s  s t r o n g l y  a s  t h e  l a t e r  

c o m p o n e n t s .  T h e  s i g n i f i c a n t  d i f f e r e n c e s  s e e n  i n  t h e  two 

w d v e f c r m s  d u r i n g  e x t i n c t i c n  h a v e  e s s n n t i a l l y  t h e  same 

s c a ' t e r e d  p a t t e r n s  a s  s e e n  i n  p s e u d o c o n d i t i o n i n g  f o r  e a c h  

2 l e c t r o d s .  

I n  s u m m a r y ,  s i g n i f i c a n t  c h a n g e s  I n  SPC a m p l i t u d e  wer? 

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

T h a t  these  s i g n i f i c a n t  c h a n g e s  were r e f l e c t e d  a t  d i f f e r o n t  

p o i n t s  a l q n g  t h e  S P C  w a v ~ f o r m s  s u p p o r t s  t h e  n o t i o n  o f  a  

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

t h e  CKV l i t e r a t u r e  b y  W e e r t z  a n d  L a n q  ( 1 9 7 3 ) .  

E v o k s d  P o t e n t i a l s  -- ---- ---------- 
A s  the q u l n t i f i c a t i o n  of s i n g l e  t r i a l  E P  w a v e f o r m s  i s  

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



Y 

s t a t i s t i c a l  a n a l y s i s  w i t h i n  a n y  o n e  c o n d i t i o n  f o r  a n y  F 
- 3 u h j e c t .  T h i s  was p a r t i c u l a r l y  t r u e  of t h e  l a t e  p o s i t i v f  

c o m p o n e n t  (P3) a n d  n o  s t a t i s t i c a l  a n a l y s i s  o f  t h a t  d a t a  wss 

F o r t u n a t e l y ,  t h e  K 1  c c u ~ o n ~ n t  o f  + h e  E P  w i t h  a  l a t e n c y  

o f  83-160 msecs a s  r e c o r d e d  a t  Cz was more r o b u s t  a n d  a 

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

P 

t a b u l a + i o n ,  T a b l e s  I V  a n d  V g i v e  + h ?  m e a n s  ( M )  a n d  s t 3 n d a r d  

f 1 1 e v i ; l t i o n s  ( s . d , )  o f  t h e  l a + s n c i e s  a n d  a m p l i t u d e s  f o r  N 1  i n  

e a c h  c o n d i t i o n  f o r  e v e r y  s u b j e c t ,  It i s  a p p a r e n t  f r o m  t h e ? ?  

T a h l ? s  t h a t  w i t h  e x c e p t i o n  c f  S u b j e c t  1 t h e r e  ware n o  

systematic chanqas i n  l a t e n c y  o f  X 1  w i t h i n  a g i v e n  

c o n d F C i o n ,  A r n p l i t u d ~ ,  o n  tke o t h e r  h a n d ,  Jo3s s h o w  3x1 

3lmost  c o n t i n u o u s  r e d u c t i o n  o v e r  c o n d i t i o n s  b u t  n? 

s y s + ? m a t i c  d i f f e r e n c e s  b e t w e e n  S 1  a n d  S-, H o w e v e r ,  i n  v i 3 w  

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

d e v i 3 t i o n s  o f  b o t h  l a t e n c y  a n d  a m p l i t u d n  d a t a ,  no f u r t h e r  

s t a t i s t i c a l  a ~ a l y s e s  were d o n e .  T h a t  some of t h e s e  m e a n s  

b a s e d  o n  a s  few a s  3 t r i a l s  f u r t h e r  m i t i g a t e s  a g a i n s t  

a n y  s u b s n q u e n t  s t a t i s t i c a l  a n a l y s i s .  

a a c k q r o u n d  EEG Data ---- ----- -- ---- 
T a b l e d  i n  A p p e n d i x  C i s  t h e  mean  p e r c e n t  p o w e r  i n  

+ a c h  f r e q u e n c y  bar-d  o f  t h e  f o u r  e p o c h s  s h o w n  i n  F i g u r c  2 

I~:::J 
. , ,, 

' 4  
I , ,  I 

s z p a r a t e d  b y  c o n d i t i o n s  a n d  s u b j e c t s .  R s a p a r a t z  S W D A  



T A E L E  IV 

3ean ( a n d  s t a n a a r d  d e v i a t i o n  (sodo) 

of  t h e  N 1  l a t e n c i e s  f o r  e a c h  s u b j e c t ,  

m e a s u r e d  a t  Cz. 



LATENCY 

PSEUDO A C Q U I S I T I O N  
1 2 3 4 5 



TABLE V 

g e a n  (M) and  s t a n ~ a r d  d e v i a t i o n  ( s . d  .) 

o f  t h e  N 1  a m p l i t u d e s  f o r  e a c h  s u b j e c t ,  

measured a t  Cz.  



PSEUDO A C Q U I S I T  ICN 
1 2 3 4 5 



a n a l y s i s  w a s  c o n d u c t e d  f o r  t h e  d a t a  i r o n  t -he  B A S E  i n t e r v a l  

a n d  t h e  p o s t - t o n e  ~ p o c h s  a +  e a c h  e l e c t r o d e  f o r  e a c h  

s u h j x t .  An a c r o s s  sub j ~ c t s  s u m m a r y  of t h i s  a n a l y s i s  is 

s e e n  i n  T a b l e  VI a n d  F i q u r e s  15-18. E x a m i n a t i o n  o f  T 3 b l o  

VI s h o w s  s i q n i f i c a r - t  c h a n g e s  i n  p e r c e n t  p o w e r  o c c u r r i n q  at 

311 ? l n c t r o d e s  a s  t h e  e x p e r i m e n t  p r o q r e s s e d  w i t h  t h s  

p r o m i n e n t  c h a n g e s  o c c u r r i n g  i n  t h e  8-12 a n d  13-30 Hz b a n d s .  

? = f s r e n c e  + o  F i g u r e s  15-18 s h o w s  t h e s e  c h a n g e s  to h~ a 

q e n c r a l  i n c r e m e n t  i n  a c t i v i t y  i n  h c t h  t h s  8 -12  a n d  1 3 - 7 0  Hz 

h a n d s  w h i l e  a c t i v i t y  i n  t h e  o t h e r  two b a n d s ,  1 - 4 ,  5-7 Hz, 

r e m a i n s  r e l a t i v e l y  s t a b l e .  

A s imi lar  a n a l y s i s  c o n d u c t ~ d  f o r  t h e  f r e q u 3 n c y  b a n d s  

i n  + h e  past-Sl s p o c h s  ( s e e  A p p e n d l x  't) r ? v ? a l e d  m a r k e d l y  

? l i f f ? r e n t  r ~ s u l t s  a s  seer, i n  T a b l e  V I I  w h i c h  s u m m a r i z e s  

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

P e r c e n t  p o w e r  c h a n g e s  were s e e n  i n  a l l  f o u r  f r e q u e n c y  ban3 ;  

i n  t h e  c e n t r a l  (Cz, C 3 ,  C 4 )  a n d  o c c i ~ i t a l  (Oz) e l e c t r o d e s .  

S a c k 7 r o u n d  EEG a c t i v i t y  d i d  no+, h o w e v e r ,  c h a n g e  a s  

d r a m a t i c a l l y  i n  t h e  t e m ~ o r a l  (T3, T 4 )  e l e c t r o d e s .  

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

9f a c q u i s i t i o n  c o m p a r e d  t h e  S1-S2  a n d  S- t r i a l s  a s  s + s n  i n  

A ~ ~ ~ n d i x  D. T h e s e  c o m F a r i s c n s  a r e  s u m m a r i z e d  a c r o s s  

s u b j z c t s  i n  T a b l e  V I I I .  C o n s i s t e n t l y ,  it i s  d a t a  from t h s  

l a t a r  p o r t i n n  o f  t h e  t r i a l  ( v a r i a b l e s  1 3 - 1  6 )  w h i c h  

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



T A E L E  VI 

T o t a l  number of + i m e s  e a c h  frequency h a n d  

of t h e  base e p o c h  was e n t s r e d  i n t o  t h e  SUDA 

a n 3 l y s i s  o f  e a c h  c c n d i t i c n .  
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FTGUFE 15 

G r a n d  mean percent power  c h a n q e s  in 

the b a s e l i n e  epoch a t  each electrode 

i n  +.he 1-4 Hz f r e q u e n c y  h n ? .  
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F I G U R E  16 

G r a n d  mean percent pcwer c h a n g c s  i n  

the bas el in^ e p o c h  at each e l ec t rode  

in t h e  5-7 Hz f r e q u e n c y  band .  
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F I G U R E  17 

G r a n d  mean percent power c h a n g e s  i n  

the b a s e l i n e  epoch at z a c h  e l s c t r o d e  

i n  the 8 -12  Hz f r e q u e n c y  b a n d .  
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F I G U R E  18 

G r a n d  mean percefit power c h a n q s s  ir, 

t h e  b a s e l i n e  epoch a t  e a c h  e l e c t r o d e  

i n  the 13-30 Hz f r e q u e n c y  band .  
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TABZE V I I  

T o t a l  number  of t imes e a c h  frequency h a n d  

of the p o s t - t o n e  e p c c h s  were en te red  i n t o  

t h e  S W D A  a n a l y s i s  o f  51-52 c o m p a r i s o n s  a n d  

s- c o m p a r i s o n s  cver  a c q u i s i + l o n .  T h e  

numerical c o l u m n  h e a d i n g s  w i t h i n  e a c h  

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

numbers i n d i c a t e d  i n  F i g u r e  2. 





~ l c c t r o d ~ s .  C o m p a r i s o n  o f  t h e s e  v a r i a b l e  n u m b e r s  t o  th? 

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

a e a n s  shown i n  F i q u r e s  1 9 - 2 2 ,  s h o w s  t h e  c h a n g e s  t o  h? 

m a x i m a l  i n  t h e  1-4 a n d  8 -12  Hz frequency b 2 n d s .  C h a n g e s  

?re a l s o  p r e s e n t  b u t  t o  a l ~ s s e r  e x t + n ?  i s  the 5-7 a n d  

1 3 - 3 0  Hz b a n d s .  The d e g r e e  o f  t h e s e  c h a n q e s  a l s o  

f l u c t u a t e s  with t h e  e l e c t r o d e  sites a n d  p o s i t i o n  w i t h i n  t h - l  

a c q u i s i t i o n  series, A t  t h e  o c c i p u t ,  1 - 4  Hz a c t i v i t y  i s  

m a x i m a l  f o l l o w i n g  S 1  whereas t h e  8 -12  Hz a c t i v i t y  i s  

s a x i m a l  f o l l o w i n g  t h e  S-, T h e  c e n t r a l  e l e c t r o d e s  (Cz, C3, 

C 4 )  , o n  t h e  other h a n d ,  s h o w  more 1-4 Hz a c t i v i t y  f o l l o w i n j  

S- Tn l s t e r  a c q u i s i t i o n  ( b l c c k s  3 -4)  w h i c h  r e v e r s e s  a t  

b l o c k  5 ,  T h e  8 - 1 2  Hz a c t i v i t y  a t  t h s s e  e l s c t r 3 3 e s  s h o w s  

o n l y  m i n o r  c h a n q e s  u n t i l  b l c c k  5 ,  w h e r e  5- t r i a l s  e x h i h i t  

more 8-12 Hz a c t i v i t y  t h a n  d o  S 1 - S 2  t r i a l s .  I n  f a c t ,  o n  

5 1 - 5 2  t r i a l s ,  8 - 1 2  Hz a c t i v i t y  decreases c v o r  t h ~  f i r s t  

+ p o c h ,  whereas ort S -  t r i a l s  it s h o w s  a p r o g r n s s i v e  

i n c r ~ a s e .  R e c o r d i n g s  f r ~ r e  t h e  tenrpor;ll e l e c t r o l e s ,  o n  t h a  

o t h o r  h a n d ,  d o  n o t  a p p e a r  t c  s h o w  a n y  c o n s i s t e n t  c h a c q e s  i n  

a n y  f r e q u e n c y  b a n d s ,  D u r i n g  ~ x t i n c t i o n ,  1 -4  Rz 3 c t i v i t y  is  

l a r g o s t  f o l l o w i n g  S 1  i n  a l l  e l e c t r o d e s ,  w h i l e  a c t i v i t y  i n  

+ h e  8-12 Hz b a n d s  s h o w s  i n c c n s i s t e n t  c h a n g e s ,  b e i n g  l a f q 3 r  
/ -  

at sll-r 'n Cz, Oz a n d  a t  S- i n  C 3 ,  C4,  A g a i n ,  T3 a n d  T4 d o  

no* a p p e a r  t o  s h o w  a n y  c o n s i s t e n t .  c h a n q e s .  



T A B I E  VII? 

T o t a l  n u m b e r  of t i m ~ s  e a c h  f r e q u e n c y  b a n d  

of e a c h  p o s t - t o n e  e p o c h  was e n t e r e d  i n t o  

+ h e  S W D A  c o m p a r i s o n  o f  S 1  ax--d S- + r i a l s  i n  

?ach  c o n d i + i o n .  T h e  n u m e r i c a l  column 

h e 2 d i n g s  w i t h i n  e a c h  f r e q u e n c y  band 

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

i n d i c a t e d  i c  F i q u r e  2, 



5 10 I!! 1 11 I5 
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G r a n d  mean percent power c h a n g e s  i n  t h s  

p o s t - t o n e  e p o c h s  a t  each  e lec t rode  i n  

t h e  1-4 Hz f r e q u e n c y  h a n d ,  
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G r a n d  mean p e r c e n t  power c h a n g e s  i n  the 

post-tone epochs a t  each e l e c t r o d e  i n  

t h e  5-7 Hz f r e q u e n c y  band .  
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G r a n d  mean p e r c e n t  power c h a n g e s  i n  th2 

p o s t - t o n e  e p o c h s  a t  e a c h  electrode i n  

t h e  8-12 Hz f r e q u e n c y  band .  





FIGUBF 2 2  

G r a n d  mean percent power  c h a n g e s  i n  th? 

p o s t - t o n 2  e p o c h s  a t  each e l e c t r o d e  i n  

t h e  13-30 Hz f r e q u ~ n c y  band.  





R e p e a t e d  m e a s u r e s  t - t e s t s  were u s e d  t o  e v a l u a t e  

p o s t - + _ o n e  c h a n g e s  i n  t h e  f o u r  f r e q u e n c y  b a n d s  r e l a t i v e  

t o  +.he BASE i n t e r v a l  f o r  s a c h  e l e c t r o d a  s i t e .  T h e  t l b l e s  i n  

App2ndi .x  E g i v e  the mean  d i f f e r e n c e  s c o r e s  i n  t h o s e  

i n t . ? r v a l s  f o r  w h i c h  a s i g n i f i c a n t  ( p  < .05, 2 - t 3 i l )  t v l l u - .  

w a s  o b t a i n e d .  S u b j e c t  1 c o n t r i b u t e d  t h ~  m a j o r i t y  o f  t h e  

s i q n f i c a n t  mean d i f f e r e n c e s  a t  e v e r y  e l e c t r o d e .  T h i s  

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

d e c r e a s e d  p o w e r  i n  t h e  3 - 1 2  Hz b a n d  a n d  a n  i n c r e m 2 n t  i n  1-4 

Hz f o l l o w i n g  S 1  w h i c h  s u b s i d e s  o v e r  b l o c k s  of t r i a l s ,  o n l y  

t o  r 3 t u r n  d u r i n g  e x t i n c t i o n ,  T h e s e  r e s u l t s  a r e  c l e a r l y  

s u m m a r i z e d  i n  F i g u r e  4 w h i c h  s h o w s  h e r  a v e r a g e d  SPC data .  

T h e  i n i t i a l  b l o c k i n g  a n d  s u b s e q u e n t  r e t u r c  o f  o c c i p i t a l  (32) 

d p h a  a r ?  q u i t e  m a r k e d  f o r  t h i s  s u b j e c t .  

~ c s s i b l e  r e l a t i o n s h i p s  b e t w e e n  B X E G  a n d  SPC wers 

d x a m i n e d  w i t h  a c a n o n i c a l  c c r r e l a t i o n  ( C C )  r o u t i n e .  T h e s ;  

a n a l y s e s  w3re a q a i n  c o n d u c t e d  a t  each  e l ? c + r o d o  f o r  s a c h  

s u b j e c t .  In o r d e r  t o  b c l s t e r  t h e  N f o r  t h i s  p r o c e d u r ? ,  d a t a  

were c o l l a p s e d  a c r o s s  t r i a l s  s u c h  t h a t  o n e  CC was c a l c u l a t e d  

f o r  p s e u d o c o n d i t i o n i n g ,  two f o r  a c q u i s i t i o n  ( S l - S 2  a n d  S- 

t r i a l s  s e p a r a t e l y )  a n d  one f o r  e x t i n c t i o n .  A f o u r t h  CC wa-, 

o b + a l n e d  b y  c o l l a p s i n g  a c r o s s  all t r i a l s  of t h e  e x p e r i m e n t .  

For e a c h  o f  t h e  C C s  c a l c u l a t e d ,  t h r e e  s e p a r a t e  r e l a t i o n s  

w e r s \ Y a ~ i n e d :  (1)  B A S E  p e r c e n t  p o w e r  w i t h  SPC a m p l i t u d e ;  



( 2 )  p o s t - s t i m u l u s  p e r c e n t  p c w e r  a n d  SPC: a m p l i t u d e ;  a c d  13) 

BASE p e r c e n t  p o w e r  w i t h  p o s t - s t i m u l u s  p e r c e n t  p o w e r .  O f  t h e  

360 s e p a r a t e  CCs c a l c u l a t e d ,  o n l y  2 1  o b t 3 i n e d  s t a t i s t i c a l  

s i g n i f i c a n c e  a t  p < .05, T t e s e  2 1  s i g n i f i c a n t  C C s  were 

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

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

r e l a t i o n s .  

I n  s u a m a r y ,  t h e  S P C  d a t a  d e f i n i t . e l y  s u p p ? r +  t h ?  

s u b j s c t s '  p o s t  e x p e r i m e n t a l  s t a t e m e n t s  c o n c e r n l n q  the 

f o r m a t i o n  o f  a n  t * a s s o c i a t i o n * ~  a b o u t  t h e  c o r r e c t  t o n e  a n d  t h e  

l i q h t ,  C h a n g e s  i n  t h e  BFEG d a t a  seem t o  fol low t h e  sams 

t e m p ~ r a l  c o u r s e  a s  t h e  SP-C, t h a t  is, t h e  m a x i m a l  c h a n q ~ s  

o c c u r  j u s t  p r i o r  t o  S2. I n  s p i t e  o f  t h i s  s i m i l a r  t e m p o r a l  

p a t + ? r n ,  n o  p r e d i c t i v e  r e l a t i o n s h i p  b e t w e e n  t h e  SPC a n d  B E E G  

d a t a  c o u l d  be  e s t a b l i s h e d *  



CHAPTER 5 

DISCUSSION 

T h e  p r i n c i p l e  c o r - c e r n  cf t h i s  t h e s i s  u a s  t o  e x a m i n e  

c h a n q e s  i n  e v e n t - r e l a t ~ d  ~ o t e n t i a l s  (SPC a n d  E P )  , + h e  

o n q o i c g  EEG ( B E E G )  , a n d  t h e i r  c o v a r i a t i o n  w i t h i n  a 

c c n d i t i m i n g  p a r a d i g m  i n  huffan subjects. B a s e d  o n  mater i3 ls  

r z v i e w e d  i n  t h e  i n t r o d u c + i o n ,  i t  was e x p e c t e d  % h a +  a 

h i p h a s i c  S P C  w o u l d  d e v e l o p  d u r i n g  a c q u i s i t i o n .  F u r t h e r ~ o r - ,  

+ h e  B E E G  was e x p e c t e d  t o  shcw i n c r e a s e d  slow a c t i v i t y  i n  +-he  

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

l o w  v o l t a q e  f a s t  p a t t e r n  a s  52 a p p r o a c h e d .  I t  was f u r t h ~ r  

a n t i c i p a t e d  t h a t  t h i s  e n h a n c e d  slow a c t i v i t y  w o u l d  b e  

m a x i n a l  f o l l o w i n g  p r e s e n t a t i o n  of S-. C h a p t e r  4 s h o w s  t h a t  

t h s  d a t a  s u p p o r t e d  c e r t a i n  of t h e s e  s i m p l i s t i c  assumptions 

t o  a q r e a t o r  e x t e n t  t h a n  o t f e r s ,  T h e  m o s t  p r o m i n e n +  s u p p o r t  

is f o u n d  f o r  e x p e c t a t i o n s  of  a h i p h a s i c  SPC w i t h  

a c q u i s i t i o n .  

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

s i q n f i c a n c e  of t h e  c h a n g e s  i n  SPC m o r p h o l o g y  w h i c h  a r e  

a p p a r e n t  i n  F i g u r e s  4-9. Wfat i n i t i a l l y  a p p e a r s  t o  be  a 

p r o t r a c t e d  n e g a t i v e  c o m ~ o n e n t  of  t h e  EP t o  S 1  a s  r e c o r d e d  a t  

Cz,  C 3  a n d  C 4  t a k e s  t h e  f c r a  o f  a s u s t a i n e d  slow p o t e n t i a l  

q f o r m .  T h a t  the u a c q u i s i t i o n "  of t h i s  s h i f t  w i t h  a b i p h a s i  
C 

s u s t a i n s d  S P C  i s  r l l a t i v e l y  c o m p l e t e  b y  + h e  s ~ c o n d  a n d  



a f f i r m e d  b y  t h e  t h i r d  b l o c k  o f  t r i a l s  (28-52 ,  S1-S2  

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

of r 3 a c t i o n  times a s  s e e n  i n  F i g u r e  3. T h i s  a c q u i s i t i o n  

p a t t e r n  is c o n s i s t e n t  w i t h  the g r o w t h  r a t e  o f  t h e  c o n t i n g z n t  

n 9 g a t i v e  v a r i a t i o r  (CNV) p r e v i o u s l y  s h o w n  b y  W n l t e r  5% a&. 

( 1 9 6 4 )  a n d  Low a&. ( 1 9 6 5 ,  1 9 6 6  a ,  b )  . I t  is,  h o w e v ? r ,  

s l o w 2 r  t h a n  t h e  1 0 - 2 0  t r i a l s  C o h e n a s  ( 1 9 6 9 )  s u b j e c t s  

r e p o r t e d l y  n e e d ~ d  t o  a c h i e v e  maximum C N V  a m p l i t u d e ,  When 

s u b j e c t s  a r e  i n f o r m e d  v e r b a l l y  of t h e  r e l a t i o n  b e t w o e n  S 1  

a n d  32,  a d e f i n i t e  CNV may te r e c o r d e d  a s  o a r l y  a s  + h s  f i r s t  

t r i a l ,  a n d  d e f i n i t e l y  b y  t h e  s i x t h  ( C o h e n  1 9 6 9 ) .  

S e c o r d i n g s  a+  t h e  o c c i ~ u t ,  h o w e v e r ,  show a n  i n i t i a l  

p o s i t i v i t y  w i t h  a s u b s e q u e n t  l a t e  n e q a t i v ~  c o m p o n e n t  b e i n g  

z t c q u i r e d  i n  t h e  f i n a l  b l c c k  o f  a c q u i s i t i o n ,  R e s p o n s e s  w i t h  

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

r e p o r t e d  b y  R o h r b a u g h  g 2  a&. ( 1 9 7 6 )  t o  o c c u r  i n  t h e  

p a r i + t a l  (Pz)  a r e a ,  T h e i r  s u b j e c t s  w e r o  i n s t r u c t e d  a s  t o  

the r e l a i i o n s h i p  b e t w e e n  S 1  ( t o n e )  a n d  5 2  ( l i g h t e d  f i g u r e ) .  

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

d i s c u s s e d  a b o v e  a n d  t h a t  o f  H i l l y a r d  a n d  G a l a m b o s  ( 1 9 6 7 )  

w h i c h  e m p l o y e d  s u b s t a n t i a l l y  s h o r t e r  i . ~ , i . ~ s  (1 .0 -1 .5  sec.)  

w o u l d  seem t o  a r g u e  a g a i n s t  4.0 sec i n t e r v a l s  h j i n g  t o o  l o n g  

f o r  t h e  c o n d i t i o n i n q  cf most o v e r t  b e h a v i o r  [ K l i n g  1971;  

G r o s s m a n  1 9 6 7  3 I n  a d d i t i c n ,  ElcAdam 22 21. (196.5) h a v e  



F- d i s c u s s e d  + h e  p o s s i b i l i t y  t h a t  when " d i f f u s e  p r ? p a r a t o r y  

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

c o ~ d i t i o n i n g  may b e  l o n q ~ r  t h a n  t h e  200-500 msec r e p o r t 3 d  

f o r  s k e l e t a l  m u s c l e  r e s p o n s e s .  T h e  a p p a r e n t  p l a t e a u i n g  qf 

t h e  r e a c t i o n  time d a t a  a f t e r  t h e  2 0 - 2 5 t h  t r i a l  would s v e m  to 

 upp port t h i s  c o n c l u s i o n ,  A l o n g  i ,s,i. is, h o w e v e r ,  

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

t h e  C N V  ( L o v e l e s s  a n d  S a n f o r d  1973) a n d  f o r  t h a t  r e a s o n  a 

4 .0  sec i n t e r v a l  was e m p l o y f d  f cr  t h e  p r e s e ~ t  s t u d y .  

A l t h o u g h  McAdam et a&, ( 1 9 6 9 )  i n v e s t i g a t e d  t h e  

t e m p o r a l  g r o w t h  o f  t h e  CNV c v e r  v a r i o u s  5 1 - 5 2  i n t e r v a l s  a n d  

d e s c r i b e d  a n  e s s e n t i a l l y  b i ~ h a s i c  CNV o c c u r r i n g  w i t h  a 4800 

msec i. s, i., L o v e l e s s  a n d  S a n f c r d  ( 1 9 7 3 )  a n d  We2rts a n d  La77 

1 1 9 7 7  ) were t h e  f i r s t  t o  d e s c r i b e  t h e  r e s p o n s e  i n  d e t a i l .  

T h e  l a t t e r  a u t h o r s  d e s c r i b e d  t h s  r e s D o n s e  a s  w b i p h a s i c , w  

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

a p o n  p r e s e n t a t i o n  of t h e  w a r n i n g  s t i m u l u s  fol lowed b y  a 

r e t u r n  toward b a s e l i n e ,  r e a c h i n g  a minimum a t  a p p r o x i m a t e l y  

sec 4. A s e c o n d  s l o w  i n c r e a s e  i n  n e q a t i v i t y  p e a k e d  a +  t h ?  

qnset o f  t h e  i a p e r a t i v e  s t i a u l u s .  Weerts a n d  L a n g  r e l a t e d  

t h i s  early n e g a t i v e  p h a s e  t c  " s i g n a l  s t i m u l u s  o r i e n t a t i o n H  

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

i m p z r a t i v o  s t i m u l u s  t o  t h e  " t r u e  CNV, lt S u b s e q u e n t 1  y, 

L o v e l e s g - q n d  S a n f o r d  ( 1 9 7 4 )  ref e r r e d  t o  t h e  two c o m p o n e n t s  
d 

o f  t h e  w a v e f o r r a  a s  t h e  "0 wave" w h i c h  peaks w i t h  a 



r e l a t i v e l y  s h o r t  a n d  c o n s t a n t  l a t e n c y  ( 1 . 0  sec) a f t e r  S 1 ,  

a n d  a n  I1E t h e  l a t e n c y  o f  w h i c h  i s  r e l a t e d  t o  t h o  

3 n t i c i p a t e d  o c c u r r e n c e  o f  t h e  S2 .  L o v e l e s s  a n d  S a n f o r d  

( 1 9 7 4  l?), L o v e l e s s  ( 1 9 7 5 )  a r d  K l o r m a n  a n d  B e n t s ? n  ( 1 9 7 5 )  

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

d u r a t i o n  a n d  i n t e n s i t y  of  w a r n i n g  s t i m u l i ,  a n d  i n s t r u c t i o n a l  

sst. Tn a d d i t i o n  t o  b e i n 9  d i f f e r e n t i a l l y  r e s p o n s i v e  t o  th-il. 

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

o v e r  t r i a l s  w i t h i n  a n  e x p e r i m e n t ,  S p e c i f i c a l l y ,  " 0  w a v e o  

a m p l i t u d s  d e c r e a s e s  o v e r  t r i a l s  (Heerts G L a n q  1 9 7 3 )  w h i l e  

t h a t  o f  t h e  "E wave,' i n c r e a s e s  ( K l o r m a n  1 9 7 5 ) .  C o n v a r s e  

r e s u l t s  h a v e  b e e n  reported by R o h r b a u g h  e+_ ai, ( 1  976) . Th-3 

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

~ i o r m a n  ( 1 9 7 5 ) .  T h e y  f u r ? . h s r  e x t e n d  h i s  f i n d i n g s ,  h o w e v e r ,  

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

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

n u m b e r  o f  t r i a l s .  I n  t h e  p r e s e n t  e x p e r i m e n t ,  b o t h  

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

f i r s t  h a l f  of  a c g u i s i t i c n  w i t h  a s u b s e q u e n t  d e c l i n e .  Thn 

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

s o o n e r ,  K a k i q i  gt a&, (1975) h a v e  a l s o  s h o w n  C N V s  e l i c i t e d  

o v e r  a 1 0 0 0  msec i.s.i. t c  d i f f e r e n t i a l l y  d e c r e a s e  i n  

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

~ h < s ,  t h e  p r e s e n t  d a t a  s u p p o r t  t h e  n o + i o n  o f  a 
2 

: l o r . - u n i + a r y  CEaV { B o r d a  1 5 7 0 ,  C a n t  8 B i c k f o r d  1 9 6 7 ,  D o n c h i n  

3t 31. 1 9 7 1 ,  J a r v l l e h + o  F r u h s t o r f e r  l 9 7 O ) ,  t h a  e a r l y  -- -- 



c o m p ~ n e n t s  of  w h i c h  a r e  r e l a t e d  t o  l t o r i e n t . i n g "  w h i l e  t h e  

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

r e s p o n s e  t o ,  o r  e x p e c t a t i o n  c f ,  S2. B o h r h a u g h  gl. 

(1976)  p o s t u l a t e d  t h a t  t h i s  l a t e  n e g a t i v e  rise p r i o r  t o  S2 

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

o r i g i n a l l y  r e p o r t e d  b y  K o r n h u b e r  a n d  Deecke  ( 1 9 6 5 )  a n d  

Deecke 32. ( 1 9 6 9 ) .  T h e  p r c m i n e n t  a p p e a r a n c e  o f  t h i s  

l a c e  c o i n p o n e n t  i n  t h e  o c c i p u t  (02) a n d  t h e  m i n i m a l  s i z c l  

(< 2 0 %  o f  v e r t e x  a m p l i t u d e )  o f  t h e  n e g a t i v a  c o m p o n e n t  o f  

+ h e  r e a d i n e s s  p o t e n t i a l  i n  t h i s  a r e a  (Vaughan g$ gl. 1968)  

seems t o  a r g u e  s t r o n q l y  a g a i n s t  s u c h  a  p o s i t i o n .  

T h e  r a p i d  rise t i m e  (7CO-1000 asec) o f  t h i s  e a r l y  

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

o p t i m a l  i. s. i. ' s (250-500 msec) f o r  c l a s s i c a l  a v e r s i v e  

c o n d i t i o n i n g  of f i n q e r  w i t h d r a w a l  i n  man ( r . l o l f l e  1930) .  It  

a p p e 3 r s  t h e n ,  t h a t  some  t y p e  o f  " c e r ~ b r a l "  o r i e n t i n g  

r e s p o n s e  may be o c c u r r i n g  d u r i n g  s h o r t  CS-UCS i n t e r v a l s  

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

with t h e s e  i n t e r v a l s .  I n  a  s i m i l a r  v e i n ,  R u s s i a n  

i n v e s t i g a t o r s  h a v e  l o n q  a r g u e d  t h a t  t h e  o r i e n t i n q  r e s p o n s e  

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

P a r l y  s t a g e s ,  It seems p o s s i b l e  t h a t  p a r t  o f  the e f f e c t  of 

t h e  o r i s n t i n g  r e s p o n s e  is a w i d e  s p r e a d  s h i f t  i n  t h e  b r a i n ' s  

'I" 

t o n g - a c + i v i t y  wh ich  c o n t r i k u t e s  t o  r a p i d  c o n d i t i o n i n q  
d' 

( M a r t i n  G L e v e y  1969). 



It i s  i n t e r e s t i n g  t o  s ~ e c u l a t e  a t  t h i s  p o i n t  a s  t o  w h a t  

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

t h e  p o s t - i m p e r a t i v e  n e q ; l t i v ~  v a r i a t i o n  ( P I Y V )  r e p o r t e d  b y  

" i m s i t - R o r t h i e r  2: 31. ( 1 9 7 3  a , b ,  1 9 7 6 )  . S o k o l o v  ( 1 9 b 3 )  h 3 s  

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

? l a b o r a t e d  when a weak  s t i m u l u s  i s  r s i n f o r c e d  b y  a s t r o n g  

9 n e .  Tn f a c t ,  t h e  r e s p o n s e  may b e  atori, p e r s i s t e n t  t h a n  t? 

t h e  s t r o n q  s t i m u l u s  a l o n e ,  T i m s i t - B e r t h i e r  22 ql. 

r o u t i n e l y  e m p l o y  a s i n g l e  c l i c k  ( i n t s n s i t y  unknown)  a s  5 1 ,  

f o l l ~ w e d  by a r e p e t i t i v e l y  f l a s h i n g  s t r o b e  l a m p  ( i n t 2 n s i t y  

u n k n o w n )  a s  S2, a s i t u a t i c n  w h i c h  o n  t h e  s u r f a c ~ z  a t  l e a s t  

seems a n a l o g o u s  t o  t h a t  d e s c r i b e d  b y  S o k o l o v  t o  r e s u l t  i n  3 

7 a r s i s t e n t  o r i e n t i n g  r e s p c n s e .  R y p c + h e t i c a l l y  t h e n ,  the 

TINV may be a n  e l e c t r o c e r e b r a l  r e f l e c t i o n  o f  a p r o l o n q e d  

o r i e n t i n g  r e s p o n s e  to S 2 ,  If + h e  PINV c a n  b e  i n f l u e n c e d  by 

m a n i p u l a t i o n s  i n  S 2  i n t e n s i t y  a n d  d u r a t i o n  i n  a m a n n e r  

s i m i l a r  t o  t h a t  s h o w n  f o r  t h e  " 0  wave'* ( L o v e l e s s  l 9 7 5 ) ,  t h ?  

h y p o t h e s i s  w o u l d  seem t o  h e  s u p p o r t e d ,  An a b b r e v i a t e d  

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

+ h r e s h o l d  a u d i t o r y  5 2  r e s u l t e d  i n  " l i t t l e  d i f f e r e n c e  i n  th - .  

P INV"  ( D u b r o v s k y  a n d  Abra han; 1 9 7 6 ) .  O n e  f u r t h o f  q u e s t i o n  

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

o r i s n t i n g  r e s p o n s e  i s  e n h a n c e d  i n  s c h i z o p h r e n i c s  a s  c o m p a r z d  

t o  n o r m a l s  ( S t e r n  G J a n e s  1 5 7 3 ) .  N e v e r t h e f e s s ,  a s  
r Y  
\i 

~ u l l i c k s o n  ( 1 9 7 3 )  p o i n t e d  o u t ,  t h e  h y p o t h e s i s  s2ems w o r t h y  

9f i u r t h o r  i n v e s t j  q a t i o n .  



T h e  a b s e n c e  o f  s i g n i f i c a n t  c h a n g e s  i n  t h e  N1 c o m p o n e n t  

of  t h e  EP i s  s u r p r i s i c g  if cne a c c e p t s  t h e  c u r r e n t  

h y p o t h z s i s  c o n c e r n i n g  t h c  p s p c h o l o g i c a l  c ~ r r e l a  tes  o f  t h e  

v a r i o u s  EP c o m p o n e n t s  ( s e e  T u e t i n g  1 9 7 6  f o r  a r e v i e w ) ,  O f  

t h e  1 5  o d d  c o n p o n e n t s  i d ~ n t i f i a b l e  i n  a u d i t o r y  EPs, N1 a n d  

P3 a r e  t h e  e a r l i e s t  w h i c h  m a y  b e  r e l i a b l y  a f f e c t e d  b y  

c h a n g e s  i n  a s u b j e c t ' s  a t t e r t i v e  s t a t e  ( P i c t o n  a n d  H i l l y a r d  

1 9 7 4 ) .  T h e  key w o r d s  a r 6  " a t t e n t i v e  s t a t e n  a s  N1 i s  

c u r r 3 n t l y   take^ a s  a c o r r e 1 a t . e  o f  ' * s e l e c t i v e  a t t e n t i o n t f  

( H i l l y a r d  a&. 1 9 7 3 ,  2 0 t h  gt &. 1 9 7 6 )  w h e r e a s  P 3  i s  

c o ~ s i d e r e d  t o  r e f l e c t  t te s u b j e c t ' s  c o g n i t i v e  e v a l u a t i o n  of 

t h e  s t i m u l u s  ( T u e t i n q  1 9 7 6 ) .  R o w e v e r ,  r e c e n t  s t u d i e s  b y  

S c h w e n t  a n d  H i l l y a r d  ( 1 9 7 5 ) ,  S c h w e n t  SL a&. ( 1 9 7 5  a,  b )  a n l  

? o + h  22 a&. ( 1 9 7 6 )  h a v e  s h o w n  t h e s e  n f f c c t s  to b e  t a s k  a n d  

s t i m u l u s  d e p e n d e n t ,  S p e c i f i c a l l y ,  t h e s e  s t u d i ~ s  n o t e  t h a t  

3 n h s n c e m e n t  o f  N 1  a w p l i t u d ~  is b e s t  s e e n ,  a n d  p o s s i b l y  o n l y  

seeq, i n  t a s k s  w h i c h  r e q u i r e  t h e  s u b j e c t  t o  p a y  a h i q b  

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

I n  + h e  p r e s e n t  s t u d y ,  t h e  t c n e s  o c c u r r e d  v e r y  i n f r e q u ~ n t l y  

( - 0  s c  s i )  c o m p a r e d  t o  t h e  200 -3040  a n d  7 5 0 - 3 0 0 0  

msec i ,s,  i. gs e m p l o y e d  b y  S c h w e n t  e t  Q. ( 1 9 7 6  a , b f  a n d  80th 

3& &. (1976) r e s p e c t i v e l y .  Tn a d d i t i o n ,  t h e  l a v e 1  of  

a t t e n t i o n  t h a t  t h e s e  s u b j e c t s  h a d  t o  m a i n t a i n  t o  detect a n 3  

d i s c r i m i n ; l t e  t h e  s t i m u l i  was m i n i m a l  c o m p a r e d  t o  the 
3 

d i f f i c u l t  d i s c r i m i n a t i o n  o f  s t i m u l i  d i f f ~ r i n g  b y  25  Hz or  



S d 3  r e q u i r e d  by  S c h w s n t  g t  22. ( 1 9 7 6  a )  a n d  R o t h  22 a i .  

{ 1 9 7 6 )  r e s p e c t i v e l y ,  ~ n  v i e w  o f  t h ~ s e  m c 3 t h c d o l o g i c a l  

d i f f e r e n c e s ,  t h e  a b s e n c e  c f  a s i q n i f i c a n t  s n h a n c e m a n t  i n  Vl 

i s  u n d n r s t a n d a b l e .  

D i s c r e p a n c i e s  b e t w e e r  thn p r e s e n t  d a t a  a n d  t h a t  n f  

Y o s z a r o s  ( 1 9 7 2 )  a n d  S e g l e i t e r  a n d  P l a t z  ( 1 9 6 9 ,  1 9 7 1 )  who 

2 b s e r v e d  a n  e n h a n c e d  EP w i t h  c o n d i t i o n i n g  m u s t  b e  e x a m i n e 3  

I n  v i e w  of d i f f e r e n t  methcds cf m e a s u r i n g  EP a m p l i t u d e  

.-?mploy?d, T h o s e  a u t h o r s  r e l i e d  o n  a p e a k - t o - p + a k  ( n e q a t i v 3  

3t 6 5 - 7 0  msec t o  p o s i t i v i t y  a t  2 1 0 - 2 2 0  msec f o r  B e g l c i t ? r  

a n d  P l a t z  1 9 6 9 ,  1 9 7 1 )  a m p l i t u d e  m e a s u r e .  F r o m  s u c h  m e a s u r - ? s  

it is  i m p o s s i b l e  t o  a s c e r t a i n  w h i c h  c o n p o n e n t  a c t u a l l y  

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

i t  w a s  t h e  l a t t 5 r  p o s i t i v e  c o m p o n s n ? ,  a s  a  p o s i t i v e  p e a k  of  

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

( ~ u s t i n g  1 9 7 6 ) .  I n  a d d i t i o n ,  N1 a n d  P 2  h a v e  b e a n  s h o w n  to 

h e  d i f f e r e n t i a l l y  a f f e c t e d  by a t t e n t i o n  ( H i l l y a r d  31. 

1 9 7 3 ) .  T h i s  c o m p o u n d i n g  o f  c h a n g e s  i n  d i f f e r s n t  p e a k s  o f  +h- -  

4 P  b y  p e a k - t o - p e a k  a m p l i t u d e  m e a s u r e s  i s  p r e c i s e l y  why t h i . ;  

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

( E r i 2 d m a n  2% 31, 1 9 7 3 ,  B o t h  gt a&. 1 9 7 6 ) .  

U n f o r t u n a t e l y ,  s i n g l e  t r i a l  a n a l y s i s  d i d  n o t  y i e l d  a  

s u f f i c i e n t  n u m b e r  of t r i a l s  w i t h  r e l i a b l e  P 3  c o m p o n a r i t s  t o  

w ? r r a n t  s t a t i s t i c a l  a n a l y s i s .  T h a t  P3, w h e n  p r e s e n t ,  

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



i n d i c a t e  t h a t  t h e  SPC b e q a n  a s  e a r l y  a s  2 0 0  msec a f t e r  t o n -  

o n s z t  o n  s o m e  t r i a l s .  S i m i l a r  n e g a t i v e  d e v i a t i o n s  i n  t h e  

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

s u u c ~ ? s t e d  t o  R e b e r t  a n d  K n o t +  ( 1 9 7 0 )  t h a t  t h e  CNV may b ~ g i n  

3s e a r l y  a s  1 0 0  o r  1 5 0  m s E c  after a  w a r n i n g  s t i m u l u s .  

' . rnl*?r ( 1 9 6 4 b ,  1 9 6 5 a )  s u q g e c t e d  t h a t  the CNV b e g i n s  

3 p p r o x i m a t e l y  2 0 0  msec a f t e r  t h e  w a r n i n g  t o n e .  T h a t  t h e  

q r a n d  mean a m p l i t u d e s  s e e n  i n  s e q m c n t  1 wore g e n e r a l l y  

n l g a + i v e  e x c e p t  a t  02 w o u l d  s u p p o r t  t h i s  s u g g e s t i o n  a n d  rule 

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

s h o r t  ( 2 0 0  msec) b a s e l i n e  u s e d  f o r  t h e  RP m e a s u r e m e n t s ,  

s i m p l e  v i s u a l  i n s p e c t i o n  c f  t h e  a v e r a g e s  i n  F i g u r e s  4-9 d o ? s  

not q i v e  a n y  i m p r e s s i o n s  of d e i n o n s t r a b l e  c h a n g e s  i n  this 

last p o s i t i v e  c o m p o n e n t ,  

W i t h  t h e  e x c e p t i o n  o f  s u b j e c t  1,  t h e  c h a n g e s  i n  t h e  

b a c k g r o u n d  EEG were n o t  a s  c k v i o u s  a s  was h o p e d .  H o w e v e r ,  

t h e  d a t a  as  r e f l e c t e d  i n  F i g u r e s  19-22 d o  f o l l o w  the q e n e n f  

p a t t o r n  d e s c r i b e d  i n  the l i t e r a t u r e .  O f  p a r t i c u l a r  i n t e r 9 s t  

i s  t h e  i n v e r s e  r e l a t i o n s h i p  k e t w e e n  a c t i v i t y  i n  t h e  1-4  a n 1  

9-12 Hz f r e q u e n c y  b a n d s .  T h a t .  t h i s  c o m p l e x  r e s p o n s e  is 

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

z u g g 2 s t s  t h a t  i t  may b e  a r e f l e c t i o n  o f  t h e  o r i e n t i n q  

response.  S o k o l o v  (1  963 )  d i s c u s s e d  t h e  u l t i m a t e  

s i g n i f i c a n c e  of t h e  c r i e n t i c g  r e f l e x  a s  a s w i n q  t o w a r d s  

i n c - T s e d  e x c i ' a t i o n ,  c o i n c i d e n t  w i t h  a p r o g r e s s i v e  i n c r e a s e  
- 



i n  F": f r e q u e n c y  ( d e l t a  a c t i v i t y  is r e p l a c e d  b y  a l p h a  w h i c h  

may b e  r e p l a c e d  by b e t a  a c t i v i t y ) .  T h e  p r s s e n t  d a t a  a s  s o e n  

I n  F i g u r e s  1 9 - 2 2  f o l l o w  a p p r o x i m a t e l y  ths same t e m p o r a l  c o u r s o .  

S u c h  an  h y p o t h e s i s  w o u l d  seem a t  o d d s  w i t h  t h e  p r e v i o u s  

p r o p o s 3 l s  t h a t  i n c r e r n e c t  i n  1-4 Pz a c t i v i t y  is a s i q n  o f  

i n t o r n d l  i n h i b i t i o n  ( G a s t a u t  e+ a&, 1 9 5 7 ,  B o r r e l l  1 9 6 1 )  . 
C o n c e i v a b l y ,  b o t h  h y p o t h e s e s  c o u l d  h o l d  a+ d i f f e r e n t  t imes 

F n  t h e  e x p e r i m e n t ,  T h e  i n c r e m e n t s  i n  1 - 4  Hz a c t i v i t y  seen 

i r  p q e u d o c o n d i t i o n i n q  a n d  b l c c k s  1 a n d  2 of a c q u i s i t i o c  a r s  

e s s s n t i a l l y  t h e  same w h e t h e r  S 1  o r  S- i s  p r e s e n t e d .  As 

s u c h ,  a n  i n t e r p r e t a t i o n  of " o r i e n t i n q U  w o u l d  be a p p r o p r i a t e .  

S u h s q u e n t l y ,  t h e  p a t t e r n  c h a n g e s  w i t h  1-4 Hz a c t i v i t y  h e i z g  

~ a x i z a l  f o l l o w i n g  S- i n  b l o c k s  3 ,  4 a n d  5 a n d  m a x i m a l  

f o l l o w i n q  S 1  d u r i n g  e x t i n c t i o n ,  T h i s  t y p e  of r ~ s p o n s i v i t y  

h a s  b e e n  p r e v i o u s l y  d e s c r i b e d  f o r  t h s  1-4 Hz a c t i v i t y  l i n k a d  

w i t h  i n t e r n a l  i n h i b i t i o n  ( G r o s s m a n  1967) . F u r t h e r  s u p p o r t  

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

c h a n g e s  of t h e  e a r l y  c o m p o n e n t  o f  'he SPC w h i c h  h a s  b e l n  

c o n v i n c i n g 1  y r e l a t e d  t o  o r i e n t i n g .  S p a c i f  i c a l l y ,  t h e  

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

SPC c o m p 3 n e n t  fo l lows  a s i m i l a r  time c o u r s e .  

Two a l t e r n a t i v e  h y p o t h e s e s  s h o u l d ,  h o w e v e r ,  b e  

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

c o r r e l a t e  of some i n c r e m e n t  i n  g e n e r a l  a r o u s a l  o r  vigilant? 

leve of t h e  s u b j e c t ,  D a n i ~ l  ( 1 9 6 7 )  f i r s ? :  p r o p o s e d  s u c h  a 



h y p e t h e s i s  t o  a c c o u n t  f o r  tte h i g h e r  i n c i d e n c e  of t h e t a  

3 c t i v i t y  p r e c e e d i n g  correct  c h o i c e s  i n  a v i q i l a n c s  t a s k ,  

T h e  s e c o n d  h y p o t h e s i s  w o u l d  c o n s i d e r  t h e  SPC a n 8  1-4 Hz 

? c t i v i + y  3s o n e  a n d  t h e  s a m E  e v e n t .  R u s h  pt gl. ( 1 9 7 6 )  

r e c e n t l y  s h o w e d  time l o c k e d  0 .75  t o  4.0 Hz a c t i v i t y  t o  o c c u r  

f o r  u p  t o  3 5 0 0  msecs a f t e r  a s h o c k  t o  t h e  m l d i a n  n e r v e ,  T h o  

p r e s 2 n c e  o f  1-4 Hz a c t i v i t y  f o l l o w i n q  t h e  t o n e s ,  

p a r ' i c u l a r l y  d u r i n q  p s u ~ d o c c n d i t i o n i n q ,  w o u l d  b e  c o n s i s t ? n ?  

w i t h  t h e  f i n d i n g s  o f  ~ u s h  glf &. ( 1 9 7 5 ) .  ' da l t c r  ( 1 9 7 3 )  h 3 s  

3 u g g e s t e d  t h a t  c e r t a i n  p s y c h o l o g i c a l  F r o c e s s e s  m i g h t  l e a d  + o  

t h ~  c o h e r e n c e  o f  i n t r i n s i c  r h y t h m s  r s s u l t i n g  i n  a CNV-l ike  

w a v e f o r m  o r  t o  i n c r e a s ?  i t s  a m p l i t u d e .  He w e n t  o n  t o  s h o w  

how c o n v i n c i n g  C N V s  c o u l d  kc s y c t h e s i z 2 d  f r o m  a c ~ l l e c t i o c  

?f s i n e - w a v e s  o f  a p p r o p r i a t e  p h a s e .  T h e  p o w e r  s p e c t r u m  o f  

h i s  g e n e r a t e d  w a v e f o r m  w a s  c c m p o s e d  o f  a c t i v i t y  a t  1, 2, 4, 

6 a n J  8 Hz, T h a t  t h e  1 ,  2 a n d  4 Hz c o m p o n e n t s  c o n t r i b u t e d  

t h e  most t o  h i s  w a v e f o r m ,  c o u p l e d  w i t h  t h e  p r e s 2 n t  d a + a  a n d  

t h a t  o f  R u s h  & gi,, would s e E m  t o  s u p p o r t  s u c h  a n  

h y p o  t h e s i s .  

T h a t  t h e  c a n o n i c a l  c o r r ~ l a t i o n s  d i d  n o t  s h o w  a n y  

c o n s i s t e n t  s i g n i f i c a n t  r e l a t i o n s  b e t w e e n  t h e  o n g o i n g  ESG and  

sPC a n p l i t u d e s  i s  n o t  s u r p r i s i n g ,  A l t h o u g h  n o  p r e v i o u s  

s t u d i e s  h a v e  a t t e m p t e d  t o  p r e d i c t  S P C  a m p l i t u d e s  p e r  s e  f r c m  

c h a n q ' s  i n  f r n T n c y  o f  B E E G ,  n u m e r o u s  a t t ~ r n p t s  h a v e  b e e n  
I - 

mad€ t o  r s l a t e  R E E G  t o  e v o k ~ d  p o t e n t i a l  a m p l i t u d e ,  T h e s e  

ri 

ill 
1 
MI 



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

w i t h  soma i n v e s t i g a t o r s  f i n d i n g  a  d i r e c t  r e l a t i o n  ( D u s t m a n  

a n d  Beck  1965,  K o o i  a n d  B a g c h i  1 9 6 4 ) ,  o t h e r s  a n  i n v e r s e  

r a l - a t i o n  ( F r u h s t o r f e r  a n d  B ~ r g s t r o m  1 9 6 9 )  , a n d  o t h e r s  no  

r e l a t i o n  o f  a n y  k i n d  (Chapman a n d  B r a g d o n  1 9 6 4 )  . I n  f a c t ,  

S a l a m y  ( 1 9 7 4 )  came t o  t h e  c c n c l u s i o n  t h a t  t h e  s i z e  o f  t h e  

a v e r l q e d  ? v o k e d  r e s p o n s e  is i c d e p e n d s n t  o f  s p o n t a n e o u s  E E G  

f l u c t u a  t i ~ n s ,  

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

the t e m p o r a l  continuity o f  + h e  s i g n i f i c a n t  S P C  a n d  B E E G  

c h a n g e s  is of p r i m e  i n t e r e s t .  Th* p r e s e n t  d a t a  s h o w  t w o  

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

i n t e r v a l  b e t w e s n  two s t i m u l i  a b c u t  w h i c h  a s u b j e c t  h a s  

f o r m e d  a n  a s s o c i a t i o n .  T h e  f i r s t  c o r n p g n o n i  i s  c h a r a c + e r i z - . ?  

hy a l a r g e  n e g a t i v e  S P C  w i t h  a d u r a t i o n  of a p p r o x i m a t ~ l y  1  

s3c w h i c h  i s  a c c o m p a n i e d  b y  a n  i n c r e a s e  i n  (1-4 hz)  a c t l v i t - y  

i n  t h e  b a c k g r o u n d  E E G  a n d  b l o c k i n g  of 8 - 1 2  Hz a c t i v i t y ,  

T h e s e  t h r e e  e v e n t s  a re  l a b i l e ,  s h o w i n g  a n  i n i t i a l  i n c r e a s e  

i n  m a g n i t u d e  w i t h  e a c h  s t i m u l u s  b u t  d e c l i n i n g  t h o r e a f t + ? r .  

T h e  s e c o n d  c o m p o n E n t  o c c u r s  i n  close p r o x i m i t y  t o  a s t i m u l u s  

r e q u i r i n g  a n  o v e r t  r e s p o n s e ,  T h i s  c o m p o n ~ c t  i s  c o m p o s e d  o f  

3 r a i a p - s h a p e d  n e g a t i v e  SPC a n d  t h e  r e t u r n  r ~ f  DEEG t o  n e a r  

p r e s t i m u l u s  l e v e l s ,  In terms of  b e h a v i o r a l  F r o c e s s a s ,  t h e s e  

9 v e r . t ~  w o u l d  seem t~ b c f l e c t r o p h y s i o l o g i c a l  r e f l e c t i o n s  7f 



I n  s u m m a r y ,  t h i s  t h e s i s  h a s  e x a m i c e d  t h r e e  d i f f e r ? n t  

a s p e c t s  o f  t h s  human e l ~ c t r c e n c e p h a l o g r a m - - b a c k g r o u n d  

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

p o t 2 n t i a l s - - o v e r  t h e  c o u r s e  o f  a c o n d i t i o n i n g  p 3 r a d i g m .  T h p  

most c o n s i s t e n t  f i n d i n g  was t h e  a p p e a r a n c e  o f  3 b i p h a s l c  

s l o w  p o t a n t i a l  c h a n g e  (SPC) i n  t h e  5 1 - S 2  i n t e r v a l ,  t h s  t w o  

c o m ? o n e n t s  of  u h i c h  c h a n q ~ d  d i f f e r e n t i a l l y  o v e r  t r i a l s .  

A n a l y s i s  of t h z  b a c k g r o u n d  r h y t h m i c a l  a c t i v i t y  (SEEG) , h a s ? d  

? n  the f o u r  c l a s s i c  f r ~ q u ~ n c y  b a n d s ,  showed a n  i n v e r s e  

r ? l a t i o n s h i p  b e t w e e n  a c t i v i t y  i n  + h e  1-4 a n d  8-12 Hz b a n d ? ,  

v i t h  l i t+ . le  c h a n g e  i n  a c t i v i t y  a t  5-7 a n d  13-30 Hz. Evok"3. 

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

c o n d i t i o n s .  From t h e s ~  d a t a  it i s  c o n c l u d ~ d  t h a t  

. ? l c c t r g g r ; i p h i c  c o r r e l a t e s  o f  q r i e n t i n g  a n d  e x p e c t a n c y  d o  

sxis t  a n d  d o  s o  a t  t e m p o r a l l y  d i f f e r o n e  p o i n t s  i n  t h ?  cours?  

~f a c o n d i t i o n e d  r e a c t i o n  time p a r a d i g m .  



APPENDICES 



A P P E R D I X  A 

3 E A N  SPC AMPLITTJDFS FOR EACH S U B J E C T  

Yean SPC a a p l i t u d e  i n  t h e  t e n  s e g m e n t s  a s  shown i n  F i q u r ~  1 .  
L e t f z r s  A t h r o u g h  0 r e p r e s e n t  t h e  f o l l o w i n g  c o n d i t i o n s :  

S t i m u l u s  ------- C o n d i t i o n  --------- 
A S- P s e u d o c o n d i t i o n i n g  
3 S  1  

A c q u i s i t i o n  
D S1-S2  B l o c k  1  
E S1-S2 B l o c k  2 
F 57-52 B l o c k  3 
G S 1  -S2  B l o c k  4 
H S 1-52 B l o c k  5 

B l o c k  1  
B l o c k  2  
B l o c k  3 
B l o c k  4 
B l o c k  5 



UEAY S P C  AUPLITUOI S 1 0 1  

EX I 



MEAN SPC AMPLITUDE S a02 

EYE 



MEAN SPC AMPLITUDE S 403 



EYE 

1 2 3 4 5 6 7  8 9 10 



IIEAM SPC AIPLITUOE S (05 



MEAN SPC AIPLITUOE S I06 



APPENDIX B 

SPC SEGMENTS ENTERED (REMOVED) INTO SWDA RESULTING 

I N  A SIGNIFICANT ( p  . 05 )  U-STATISTIC 



PSD . 
I C Q  0 1  

02 1.) 
0 3  

EXT . . 

LCQ 31-52 
S- 

PSD . . *  . . 

LCQ 0 1  
07 

c u  

1 2 1 1 I P 2 8 P M  

I C Q  51-52 . . . . a  . . 
5- . . 

PSD . . . 

EX? 



SEGMENTS 

1 2 2 r 5 * 1 9  

E l .  . . . .  
PSD 

LIT 

t . .  

' 1.1 . 

L C )  s 1 - s 2  
s- 

ACQ 0 1  
02 
0 1  

ACQ s 1 - S 2  
s- 

I C Q  0 1  
0 2  . . .  . * .  . . 

0 . .  I*) 

ACQ 5 3 - 5 2  
s- 

PSD 

ACQ 0 1  
0 2  
0 3 
08 



ACQ 51-52 
S- 

PSD 

ACQ 01  
0 2 
03 
0 1  
05 

IlT 

ACQ 51-52 
s- 

PSD 

PSD 

ACO 0 1  
02  
0 3 

ACQ 51-52 
S- 

PSD 

ACQ 01  
0 2 
03 
ou 
05  

111 

ACQ 51-52 
5- 

PSD 

ACQ 0 1  
02 
0 3  
OY 
05 

I X t  



SPC S L G I L N T S  S (01 

ACQ 51-52 
s- 

PSD 

ACQ 01 
02 
03 
OU 
05 

ACQ 51-S1 
s- 

PSD 

ACQ 01 
0 2 
03 
04 
05 

exr 

ACQ 51-52 
s- 

PSD 

PSD 

PSD 

ACQ 01 
02 
03 
0 1  
05 



SPC SEG8ENtS S 105 

PSD 

ACQ 0 1  
02 
0 3  

ACQ 5 1 - 5 2  
s- 

PSD 

ACQ 0 1  
0 2  
0 1 
o* 
05 

err 

ACQ 51 -52  
S- 

I C Q  0 1  
0 2  
0 3  
nu 
0 5  

ACQ S1-S2 
s- 

PSD 

ACQ 0 1  
02 
0 3 
OY 
0 5  

ACQ 9 8 - 5 2  
s- 

PSD 



SPC SCGIOYTS S 806 

LCQ S1-52 
5- 

PSD 

I . . . . .  . 
ACQ 01 

02 
01 
04 
0 5 

EXT 

PSD 

LCQ 59-52 
s- 

ACQ 01 
02 
0 3 
01 
05 

LIT 

ACQ 57-52 
s- 



A P P E F D I X  C 

MEAM PERCENT P O K E R  O B T A I N E D  F O R  EACH S T J B J E C T  
\I I ,  

% a n  p - c e n t  p o w e r  o b t a i n e d  f o r  a a c h  s u b j e c t  i n  e ach  
f r e q u e n c y  b a n d  o f  t h e  •’cur e ~ o c h s  d e p i c t e d  i n  F i q u r ?  2. 

L e t t s r s  A t h r o u g h  0 r e p r e s e n t  the f o l l o w i n g  c o n d i t i o n s :  

S t i m u l u s  ----- 
S -  
S 1  

S1-S2 
21-52 
51-52 
S1-52 
51-52 

S- 
S - 
s- 
S- 
S -  

S - 
s 1 

C o n d i t i o n  
P s e u d o c o  n d i  f i o n i  nq  

A c q u i s i t i o n  
B l o c k  1 
B l o c k  2 
B l o c k  3 
B l o c k  4 
B l o c k  5 

B l o c k  1 
S l o c k  2 
B l o c k  '3 
B l o c k  4 
B l o c k  5 

E x t i n c t i o n  



MEAN P E R C E N T  POWER S 101 

EPOCH 1 

1-4 

38.6 
41.7 
41.1 
43.6 
45.9 
45.2 
50.1 
47.C 
42.0 
45.7 
35.6 
32.9 
3f.7 
34.7 

24.7 
28.4 
22.1 
29. 1 
35.3 
28.C 
35.5 
3P. 9 
21.3 
22.4 
2C.C 
re. i 
14.9 
2C.6 

34.2 
34.3 
45.8 
39. 9 
44.1 
4C. 3 
5c.5 
44.7 
38.8 
41.9 
35.4 
34.5 
2F.4 
34.8 

36.2 
3C.5 
31.8 
43.2 
43.7 
47.3 
4e.4 
4 2.4 
3e. 5 
41.2 
37.3 
27.e 
36.1 
3E.8 

37.9 
28.8 
33.6 
26.8 
35.4 
31.7 
34.4 
42.0 
34.4 
37.8 
30.9 
25.3 
23.7 
34.2 

37.7 
32.0 
32.6 
38. I 
4T.4 
43.6 
43.3 
46.4 



MEAN PERCENT POWER S 1 0 2  
CZ 

BASE 

1U.8 
12.2 
9.9 
7.4 
7 .7  
10.9 
I t .  2 



Y C A N  PERCENT POWER 9 a 0 3  

C Z 
EPOCH 1  L P C C H  2 

2. .  24 .3  1 1 . 2  
tie9 2 8 . 0  9 . 8  
5.'  2a .9  11 .2  
7 .5  24 .2  7.5 
1 . i  30 .1  1J.F 
C . ?  21 .0  11.1 
8 . 8  2 0 . 5  9 . 1  
e.6 3 7 . 7  11.6 
3.1 34 .8  1 2 . 1  
0.4 2 7 . 3  10.2 
1.9 22 .5  11 .2  

44 .8  
L C .  2 
3 4 . 9  
4 6 . 9  
35 .7  
4 t . 7  



MEAN 1 E f i C F N T  P O Y F P  S  NO4 

C 2 

E P O C H  1  

1 - 4  5 - 1  9 - 1 2  1 3 - 3 0  

B A S E  E P O C H  2  E P O C H  3 

1 - 4  5 - 7  8 - 1 2  13-3 -  



MEAN PEGC ENT PO 

C z 
EPOCH 1 

5 -7  3 -12  

2 0 . 5  
18.7 
i e .  
18.4 
21 .1  
21.8 
17.6 
22.4 
27.3 
21. 



B A S E  

1 - 4  5 7  9 - 1 2  1 3 - 3 0  

5 i ! .2  1 5 . 4  2 3 . 3  1 1 . 1  
5 3 . 3  2 0 . 8  1 6 . 2  9 . 7  
5 2 . 0  2 1 . 5  1C.4 l i . 3  
4 2 . 7  2 1 .  1  2 2 . 6  1 3 . 6  

E P O C H  2  

5 1 . 3  1 6 .  t 2 2 . 0  io .  * 
37 .1  1 7 . 6  2 9 . 4  1 5 . 5  
35.2 2 1 . 5  3'2.3 1 2 .  J 

is. 2 1 . 2  3 5 . e  



B E R G  V A R I A B L E S  ENTERED ( R E B O V E D )  I N T O  S W D A  RESULTING 
IE A STGNTFICANT ( < 0 5  U - S T A T I S T I C  

5 1 - S 2  a n d  S -  i n d i c a t c  ccmpar iscns  within e a c h  
over acquisition. A l l  o t h e r  c o m p a r i s o n s  i r e  
b e t w e e n  S7 and S -  trials i n  e a c h  c o n d i t i o n .  



1-0 HZ 

I 9 11 
ACQ 31-57 

s- 

ACQ 01 
02 
0 3 
0 u 
05 

PSD 

ACO 01 
02 
03 
0 u 
05 

FXT 

1-U 112 

2 2 lj 
ACQ 51-52 

5- 

ACQ 01 
02 
03 
ou 
05 

IXT 

ACQ 51-52 
5- 

PSD 

E I T  t 

P S D  



EXT 

PSD 

ACQ 01 
0 2 
03 
0 11 
05 

EXT 

PSO 
ACQ 01 

0 2 
01 
09 
05 

EXT 

ACQ 91-S2 
S- 

PS 0 

ACQ 01 
02 
03 
oa 
0 5 

E I T  

LCQ Sl-S2 
S- 

PSD 

PSD 



PSD 

ACQ 01 
0 2  
03 
0 u 
0s 

LIT 

PSD 

ou 
0 5  

EXT 

LIP 

ACQ 51-57 
s- 

PSD 

ACO 01 
02 
01 

ACQ 51-12 
s- 

PSD 

ACQ 01 
02 
03 
0 u 
05 

PSD 

ACQ 01 
02 
01 
O I  
0 5  

LIT 



I C Q  5 1 - 5 1  
S- 

PSD 

LCQ 0 1  
0 2  
0 1 
0 Y 
0 5  

err 

ACQ 51 -52  
s- 

PS D 

PSD 

I C Q  0 1  
0  2 
0 3 
0. 
0 5  

1x1 

ACQ 5 1 - 5 2  
s- 

PSD 

ACO 0 1  
0 2  
0 3  
OU 
0 5  

Elf 

I C Q  S1 -S2  
s- 

PSD 

I C Q  0 1  
02 
0 3 
0 6  
05 



1-U H a  
I 2 11 

ACQ 51-52 
5- . . 

PSD 

ACQ 5 1 - s i  
s- 

ACQ 01 
02 
0 3  
OU 
0 5 

ACQ 51-52 
5- . . 

1-*  H Z  

I 1 12 

ACQ $1-51 
3- t 

rca 01 
02 
03 
OY 
0 5  

ZIT . 



PSD 

I - V  H Z  

I i 11 

ACQ 5 1 - 3 2  
s- 

PSD 

ACO 0 1  
0 2  
0 1  
ou 
0 5  * 

ACQ 51-52  
s- 

PSD 

ACP 0 1  
0 2  
0 3  0 . .  

CSD 



APPENCIX E 

COYPARISOWS OF POST-TONE BEEG EPOCHS TO THE RASE EPOCH. 

O n l y  s i g n i f i c a n t  mean differences a r e  qiv3n 
(related &-test, 2 t a i l ,  D < . O F j ) .  



PSEUDO 

C Z  Sl S- 

Hz 1 -19.9 -15.3 

ACQUISITION EXTINCTION 





PSEUDO ACQUISITION 



R E F E R E N C E  NOTES 



REFERENCE NOTES 

1 .  s u b r o u t i n e  FFCSIN. The I n t e r n a t i o n a l  Ma thema t i ca l  
a n d  S t a t i s t i c a l  L i b r a r i e s ,  I n c ,  , Vol. 1 ,  Revised 
Novamber 1975. 

2 .  Nie, N.H., H u l l ,  C.H.,  Jerkins, J.G., S t e i n b r e n n e r ,  K, 
a n d  B e n t ,  D.H. (Eds . )  . s t a t i s t i c a l  gackaqg fgy  Llf 
s o c i a l  s c i e n c e s ,  ~ c G r a u - H i l l  Book Company, N e w  York, ------ ------- 
1975, 267-275, 434-467,  515-527. 
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