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A bstract

THE EFFECT OF ALPHA UPON THE P300

by

Paul J a s l u k a i t l s  

A d v ise r i  P r o f e s s o r  Gad Hakerem

The o v e r la p  between a lp h a - b lo c k in g  and P300- 

e l i c i t i n g  s t im u lu s  s e t s  i s  c o n s id e r a b le .  Both phenomena 

r e q u i r e  novel*  t a r g e t  o r  s a l i e n t  s t i m u l a t i o n  and a r e  n o t  

found upon s t i m u l i  which f a i l  t o  engage t h e  s u b j e c t ' s  

a t t e n t i o n .  We had n o t ic e d  t h a t  t h e  b lo c k in g  o f  EEC a lp h a  

s p in d l e s  by a u d i t o r y  s t i m u l a t i o n  was o f t e n  accompanied 

by a  sh a rp  p o s i t i v e  s h i f t  i n  th e  EEG b a s e l i n e .  We hypo­

t h e s i s e d  t h a t  t h i s  p o s i t i v e  s h i f t  i s  a  f a c e t  o f  a lp h a -  

b lo c k in g  and t h a t  i t  m ight be s u f f i o i a n t l y  t im e - lo o k e d  

a f t e r  s t im u lu s  p r e s e n t a t i o n  t o  c o n t r i b u t e  to*  o r  even be 

r e s p o n s ib l e  f o r ,  t h e  fo rm a t io n  o f  th e  P300.

The ex p er im e n ts  d e s c r ib e d  below a r e  what we c a l l  

a lp h a  s o r t s .  T r i a l s  on which h ig h ly  d i s c r e p a n t  'o d d b a l l*  

s t i m u l i  were p re sen te d *  were s o r t e d  i n t o  two b in s  on t h e  

b a s i s  o f  p r e - s t im u lu s  a lp h a  band RMS m agnitude . The t r i a l  

b in s  were th e n  s e p a r a t e l y  av e rag ed  t o  p roduce  a  'h i g h  

a lpha* evoked p o t e n t i a l  and a  ' lo w  alpha* evoked p o te n ­

t i a l  f o r  each s u b j e c t .  The r a r e  s t im u lu s  t r i a l s  were 

embedded w i th in  a  n e a r - t h r e s h o l d  a u d i t o r y  i n t e n s i t y  

d i s c r im i n a t io n  t a s k .  The pu rp ose  o f  t h i s  was t o  c o n s t r a i n
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t h e  s u b j e c t ' s  EEC to  f r e q u e n c ie s  above d e l t a / t h e t a  and 

to  p re v e n t  f l u c t u a t i o n s  i n  w ak efu ln ess  from c o n t r i b u t i n g  

t o  e f f e c t s  upon th e  evoked p o t e n t i a l .

S tudy 1 found t h a t  l a r g e r  am p li tu d e  P300s were p ro ­

duced by s e l e c t i v e l y  a v e ra g in g  f o r  h ig h  p r e - s t im u lu s  

a lp h a .  No e f f e c t  o f  a lp h a  was found upon th e  N100. These 

f i n d in g s  e s t a b l i s h e d  s p e c i f i c i t y  o f  th e  a lp h a  e f f e c t  f o r  

th e  P300 component. S tudy  2 employed th e  e x t r a  f a c t o r s  

o f  d i r e c t i o n  o f  s t im u lu s  i n t e n s i t y  change ( i n c r e a s e s  and 

d e c r e a s e s )  and s e p a r a t e  t r i a l  s o r t i n g  based on a lp h a  RMS 

b o th  p r e - s t im u lu s  and p o s t - s t i m u l u s .  The pu rpose  o f  th e  

p o s t - s t im u lu s  s o r t  was t o  d e te rm in e  w hether i t  was p r e ­

s t im u lu s  a lp h a  a lo n e  which enhanced th e  P300 o r  p r e ­

s t im u lu s  a lp h a  in  c o n ju n c t io n  w i th  low a lp h a  p o s t ­

s t im u lu s .  i . e .  a lp h a - b lo c k in g .  I t  was found t h a t  P300 

enhancement by p r e - s t im u lu s  a lp h a  d id  n o t  i n t e r a c t  w i th  

s t im u lu s  i n t e n s i t y  and app ea red  t o  be in d ep en d en t  o f  

a lp h a  p o s t - s t i m u l u s .  The d a ta  a r e  d i s c u s s e d  i n  te rm s 

o f  casc ad e d  i n h i b i t i o n  from th e  m esencepha lic  r e t i c u l a r  

f o rm a t io n  t o  n u c le u s  r e t i c u l a r i s  o f  th e  th a lam u s  t o  a  

t h a l a m o - c o r t i c a l  system  r e s p o n s i b l e  f o r  b o th  a lp h a  and 

t h e  P300.



"And t h i s  i s  a l l  my c r e a t i n g  and 

s t r i v i n g ,  t h a t  I  c r e a t e  and c a r r y  

t o g e t h e r  i n t o  One what i s  fragm ent 

and r i d d l e  and d r e a d f u l  a c c id e n t .

And how co u ld  I  b e a r  t o  be a man 

i f  man were n o t  a l s o  a c r e a t o r  and 

g u e s s e r  o f  r i d d l e s  and redeem er o f  

a c c id e n ts ? "

-  F r i e d r i c h  N ie tz s c h e ,  

Thus Spoke Z a r a th u s t r a
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INTRODUCTION

Event r e l a t e d  p o t e n t i a l s  (ERPs) have become a m ajor 

fo cu s  o f  human p sy c h o p h y s io lo g ic a l  r e s e a r c h .  I t  i s  b e l ie v e d  

t h a t  th e y  r e f l e c t  th e  massed e l e c t r i c a l  a c t i v i t y  o f  n e u ro n a l  

p o p u la t io n s  ben ea th  th e  s k u l l  and t h e r e f o r e  o f f e r  a window 

upon th e  i n t a c t  and n o rm ally  f u n c t io n in g  human b r a i n .  ERPs 

a re  o b ta in e d  from ensem bles o f  s c a lp - r e c o rd e d  v o l ta g e  f l u c ­

t u a t i o n s  t im e - lo c k e d  t o  an e l i c i t i n g  s t im u lu s  o r  e v e n t .  

Because o f  t h i s  d e r i v a t i o n ,  i t  m ight be expec ted  t h a t  ERPs 

should  b e a r  some sy s te m a t ic  r e l a t i o n s h i p  t o  th e  ongoing 

re c o rd  o f  human e l e c t r i c a l  c e r e b r a l  a c t i v i t y  known a s  th e  

e le c t ro e n c e p h a lo g ra p h  o r  EEG. The a lp h a  rhythm , a waxing 

and waning 1 0 /se c  s in u s o id ,  was th e  f i r s t  prom inent f e a t u r e  

o f  th e  EEG d e s c r ib e d  by B erger in  1930* The s tu d y  o f  s t i m u l i  

o r  e v e n ts  which induced i t s  a b ru p t  c e s s a t i o n  ( a lp h a  b lo c k ­

ing ) c o n s t i t u t e d  an im p o r ta n t  t o p ic  in  p sychop hysio lo gy  up 

u n t i l  t h e  1950s. Given th e  o v e r la p  between th e  s t im u lu s  

s e t s  used  to  e l i c i t  a lp h a  b lo c k in g  and th o se  now p r e v a le n t  

in  c o g n i t i v e  ERP r e s e a r c h  ( i . e . ,  s a l i e n t ,  s u r p r i s i n g  o r  

in fo rm a t iv e  s t i m u l i ) ,  i t  would be w orthw h ile  t o  c o n s id e r  

a r e l a t i o n s h i p  between c l a s s i c a l  EEG phenomena and th e  more 

r e c e n t l y  d is c o v e re d  ERPs. Ind eed , such an o b s e r v a t io n  h as  

a l r e a d y  been p ro v ided  in  th e  e a r l y  EEG l i t e r a t u r e .  At t h e  

1936 Cold S p rin g  Harbor Symposium on Q u a n t i t a t i v e  B io logy , 

H e rb e r t  J a s p e r  p re s e n te d  a  paper on t h e  human EEG in  which 

he n o te s i
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The most obv ious e f f e c t  o f  th e  l i g h t  s t im u lu s  

i s  th e  com ple te  b lo c k in g  o f  th e  o c c i p i t a l  a lp h a  

rhythm from t h i s  r e g io n ,  b u t  we n o te  t h a t  t h i s  

b lo c k in g  i s  u s u a l l y  a s s o c i a t e d  w i th  a  marked slow 

p o s i t i v e  swing d u r in g  t h e  f i r s t  p a r t  o f  th e  b lo c k ­

ed p e r io d ,  (p .  3 2 0 )

F u r th e r  on in  th e  same p a p e r  1

. . . t h e  m agnitude and d u r a t io n  o f  th e  slow p o s i t i v e  

wave i s  a  f u n c t io n  o f  th e  i n t e n s i t y  o f  th e  l i g h t  

s t i m u l a t i o n .  T here  a r e  some p ro long ed  b locked  

p e r io d s  fo l lo w in g  a b r i e f  l i g h t  s t i m u l a t i o n  which 

a re  a p p a r e n t ly  due t o  u n c o n t r o l le d  a d d i t i o n a l  

s t i m u l i  w i th in  th e  s u b je c t  which c o m p lic a te  th e  

e f f e c t  o f  th e  l i g h t  i t s e l f  (v e ry  marked w ith  th e  

" a t te m p t  t o  se e"  a  dim l i g h t ) ,  (p .  3 2 3 )

What J a s p e r  (1936) had d e s c r ib e d  was an endogenously  gen­

e ra te d  l a t e  p o s i t i v e  ev en t  r e l a t e d  p o t e n t i a l .  I n t e r e s t i n g  

a s  th e  J a s p e r  (1936) pap er  i s ,  t h e r e  i s  no m ention  o f  i t  

i n  th e  con tem porary  ERP l i t e r a t u r e .  T h is  may be due i n  p a r t  

to  th e  adv en t o f  s i g n a l  a v e ra g in g  te c h n iq u e s  which have i n ­

duced a  view o f  th e  unaveraged  EEG a s  n o i s e  from which th e  

d a ta  must be e x t r a c t e d .  A lthough t h e r e  a r e  con tem porary  

e x p la n a t io n s  o f  ERP phenomena based  on p r e - s t im u lu s  s t a t e s  

( K a r l in ,  1970; N aatanen , 1 9 7 5 ) .  th e y  i d e n t i f y  th e  p r e ­

s t im u lu s  s t a t e s  w i th  s i g n a l  averaged  waveforms such  a s  th e  

CNV o r  th e  r e a d i n e s s  p o t e n t i a l .  They do n o t  c o n s id e r  t h a t
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t h e  ev idence  f o r  some p r e - s t im u lu s  s t a t e s  m ight d i s ­

ap p ea r  a s  a  consequence o f  th e  a v e ra g in g  p ro c e s s  i t ­

s e l f .  The v a lu e  o f  i n v e s t i g a t i o n  i n t o  EBG/ERP r e l a t i o n ­

s h ip s  i s  t h a t  c e r t a i n  q u e s t io n s  abou t ERPs, such a s  

t h e i r  p h y s io lo g ic a l  f u n c t i o n ,  m ight w e l l  rem ain  

unansw erab le  i f  ERPs a r e  o n ly  re g a rd e d  in  i s o l a t i o n  

from t h e i r  e l e c t r o p h y s i o l o g ic a l  env ironm ent. T h is  

environm ent i s  t h e  background EEG. To p a ra p h ra s e  

therm odynam ics, ’ i s o l a t e d  system s ru n  down*. C o n cep tu a l­

i z a t i o n  abo u t ERPs has  ta k e n  a  d r e a r i l y  r e c u r s i v e  and 

s e l f - d e f i n i n g  t r e n d  s in c e  th e  ex c i tem en t  o f  t h e i r  o r i ­

g i n a l  d i s c o v e ry  (S u t to n ,  1979). I f  a  l i n k  can  be e s t a b ­

l i s h e d  between ERPs and th e  background EEG, new models 

o f  bo th  co u ld  d eve lo p  from th e  j u n c t io n  o f  t h e i r  r e s ­

p e c t iv e  d a ta  b a s e s .

Alpha B locking

S h o r t ly  a f t e r  th e  d is c o v e ry  o f  th e  a lp h a  rhythm 

and i t s  b lo c k in g  by e x te r n a l  s t i m u l a t i o n ,  c o n tr o v e r s y  

a ro s e  o v e r  w he ther  a lp h a  b lo c k in g  was an endogenous e v e n t .  

A drian  and Matthews (193*0 found t h a t  a lp h a  b lo c k in g  

f a i l e d  a f t e r  t h e  f i r s t  few eye o p en in gs  i n  a  d a rk  room 

o r  in  a  f i e l d  o f  f e a t u r e l e s s  un ifo rm  i l l u m i n a t i o n .  These 

i n v e s t i g a t o r s  proposed  t h a t  p a t t e r n  v i s i o n  induced  d e -  

s y n c h r o n iz a t io n  among o c c i p i t a l  lo b e  neu ro n s  and t h a t  

a lp h a  b lo c k in g  was more th e  r e s u l t  o f  v i s u a l  in p u t  th a n
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g e n e r a l  a t t e n t i o n .  I f  p a t t e r n  v i s i o n  was a b se n t  th e  rh y ­

thm would p e r s i s t  in  s p i t e  o f  o th e r  a t t e n t i o n  demanding 

a c t i v i t i e s ,  such a s  l i s t e n i n g  to  a sound, g r ip p in g  a  p a i r  

o f  p l i e r s ,  e t c .  However, Loomis, Harvey and H obart (1936) 

found t h a t  th e  o n se t  o f  n e a r  th r e s h o ld  i l l u m in a t io n  could  

e f f e c t i v e l y  a b o l i s h  a lp h a  i f  t h e  s u b je c t  was a t te m p t in g  

t o  d e t e c t  t h e  o n s e t .  They b e l ie v e d  t h a t  a lp h a  b lo ck in g  

was caused  by th e  " e f f o r t  to  see"  r a t h e r  th a n  v i s u a l  in p u t  

p e r  s e .  Bagchi (1937) su g g e s te d  t h a t  i t  was th e  " a t te m p t  

t o  se e"  o r  th e  e x p e c ta t io n  o f  s e e in g ,  r a t h e r  than  p a t t e r n  

v i s i o n ,  which was r e s p o n s ib l e  f o r  a lp h a  b lo c k in g .  Eye 

opening  i t s e l f  co u ld  become a s s o c i a t e d  w ith  t h e  e x p e r ie n c e  

o f  p a t t e r n e d  v i s i o n  th ro u g h  c o n d i t i o n in g ,  th u s  p roducing  

a lp h a  b lo c k in g  a s  a  c o n d i t io n e d  r e s p o n s e .  Bagchi (1937) 

l ik e n e d  t h e  f a i l u r e  o f  a lp h a  b lo c k in g  upon r e p e a te d  eye 

open ings  i n  an unchanged v i s u a l  f i e l d  t o  th e  e x t i n c t i o n  

o f  a  c o n d i t io n e d  re s p o n se .

B e rg er  (1930) f i r s t  n o t ic e d  t h a t  s t im u lu s  r e p e t i t i o n  

u s u a l l y  reduced  o r  a b o l i s h e d  th e  a lp h a  b lo c k in g  r e s p o n s e .  

J a s p e r ,  C ru ikshank  and Howard (1935) and Bagchi (1937) 

found t h a t  a u d i to r y  o r  som atosensory  s t i m u l a t i o n  which 

i n i t i a l l y  su p p re ssed  a lp h a  would f a i l  t o  do so  a f t e r  sev ­

e r a l  p r e s e n t a t i o n s .  V isu a l  s t i m u l a t i o n ,  however, would 

rem ain  an e f f e c t i v e  s u p p re s s o r  o ve r r e p e a te d  p r e s e n t a t i o n s .  

J a s p e r  e t  a l ,  (1935) proposed  t h a t  a l th o u g h  a lp h a  b lo c k in g  

may be i n t r i n s i c a l l y  s e n s i t i v e  t o  v i s u a l  i n p u t ,  i t  can
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a l s o  be t r i g g e r e d  by a c t i v i t y  in  a  g e n e r a l i z e d ,  m o d a li ty  

n o n - s p e c i f i c  a r o u s a l  system .

Not o n ly  does a  d i s t i n c t i o n  e x i s t  between g e n e r a l i z e d  

( n o n - v i s u a l )  and s p e c i f i c  ( v i s u a l )  a lp h a  b lo c k in g  re s p o n se s  

w i th  re g a rd  t o  r a t e  o f  e x t i n c t i o n ,  b u t  a l s o  a  f u r t h e r  

d i s t i n c t i o n  can be made a lo n g  th e  d im ension  o f  s c a lp  

to p o g rap h y . G a s ta u t  (195*0 and Sokolov (1963) c la im ed  

t h a t  th e  i n i t i a l  su p p re s s io n  o f  a lp h a  rhythm upon v i s u a l  

s t i m u l a t i o n  can be found o v e r  b o th  o c c i p i t a l  and c e n t r a l  

s c a lp  a r e a s .  With r e p e t i t i o n  o f  th e  v i s u a l  s t im u lu s ,  a lp h a  

w i l l  c e a se  t o  be a f f e c t e d  o v e r  th e  c e n t r a l  a r e a  y e t  con­

t i n u e  t o  b lo ck  o v e r  th e  o c c i p i t a l  a r e a .  The i n i t i a l  r e ­

a c t io n  o f  a lp h a  t o  v i s u a l  in p u t  ove r b o th  o c c i p i t a l  and 

c e n t r a l  a r e a s  would i n d i c a t e  a  g e n e r a l i z e d  r e a c t i o n  w h ile  

th e  p e r s i s t i n g  re s p o n se  in  th e  o c c i p i t a l  a r e a  would be a 

m o d a li ty  s p e c i f i c  r e a c t i o n .  L ikew ise  w i th  som atosensory  

s t i m u l a t i o n ,  a  n o n -e x t in g u is h in g  l o c a l i z e d  re s p o n s e  was 

found o v e r  t h e  c e n t r a l  s c a lp .  G a s ta u t  (195**) b e l ie v e d  t h a t  

a c t i v i t y  i n  th e  10 Hz ran g e  o v e r  th e  som atosenso ry  c o r t e x  

was in d ep en d en t from a lp h a  and b e a r s  th e  same r e l a t i o n s h i p  

t o  th e  som atosenso ry  a f f e r e n t  system  a s  a lp h a  does t o  th e  

v i s u a l  sys tem . G a s ta u t  term ed t h i s  a c t i v i t y  th e  "rauH 

rhythm . L a t e r ,  G a s ta u t  (1958) h y p o th e s iz e d  t h a t  t h e  gen­

e r a l i z e d  a lp h a  b lo c k in g  re s p o n se  i s  m ed ia ted  by th e  d i f ­

f u s e l y  p r o j e c t i n g  m esencepha lic  r e t i c u l a r  system  w h ile  th e  

more p e r s i s t e n t  l o c a l i z e d  ty p e s  o f  b lo c k in g  a r e  m ed ia ted
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by th e  th a la m ic  r e t i c u l a r  system  which has s e g re g a te d  

p r o j e c t i o n s  to  th e  p r im ary  c o r t i c a l  se n so ry  r e c e iv in g  

a r e a s .

A nother c o n t ro v e r s y  ab o u t a lp h a  b lo c k in g  c e n t e r s  

around th e  q u e s t io n  o f  what i t  r e p r e s e n t s  on th e  n e u ro n a l  

l e v e l .  A drian  and Matthews (1934) were th e  f i r s t  t o  su g g e s t  

t h a t  a lp h a  b lo c k in g  i n d i c a t e d  d e s y n c h ro n iz a t io n .  N euronal 

a c t i v i t i e s  c o n t in u e  u n a b a te d ,  however th e  m a jo r i t y  o f  

n e u ro n s  a r e  ou t  o f  s t e p  w ith  each o th e r  th u s  r e d u c in g  th e  

a m p li tu d e  o f  th e  g r o s s  summated s ig n a l  t h a t  i s  t h e  s c a lp  

re c o rd e d  EES. J a s p e r  (1936) b rou gh t up th e  p o s s i b i l i t y  t h a t  

a lp h a  b lo c k in g  m ight a c t u a l l y  r e p r e s e n t  t h e  su p p re s s io n  o f  

g rad ed  p o t e n t i a l  a c t i v i t y  a t  t h e  l e v e l  o f  th e  in d iv id u a l  

neu ro n . He re c o rd e d  d i f f e r e n t i a l l y  from e l e c t r o d e s  **0 

m icrons a p a r t  on th e  s u r f a c e  o f  f e l i n e  c o r t e x .  In  th e  

r e c o r d  d e r iv e d  from th e s e  e l e c t r o d e s ,  s t i m u l a t i o n  would 

t y p i c a l l y  produce  a r r e s t  o f  rhy thm ic  a c t i v i t y .  Given t h a t  

th e  d i f f e r e n t i a l  r e c o rd  was o b ta in e d  from e l e c t r o d e s  se p ­

a r a t e d  by a  m agnitude  e q u iv a le n t  t o  s i n g l e  n e u ro n a l  

e le m e n ts ,  J a s p e r  a rgu ed  t h a t  n e u ro n a l  synchrony  should  

produce  e q u i p o t e n t i a l i t y  betw een th e  e l e c t r o d e s  and hence 

a  red u ced  a m p li tu d e  i n  th e  d i f f e r e n t i a l  r e c o r d .  Desyn­

c h r o n i z a t i o n  between s i n g l e  n e u ro n a l  e lem en ts  sh o u ld  p ro ­

d u c e ,  i f  a n y th in g ,  an i n c r e a s e  i n  th e  p o t e n t i a l  d i f f e r e n c e  

o f  e l e c t r o d e s  spaced  40 m icrons  a p a r t .  Yet th e  same p i c t u r e  

was o b ta in e d  on th e  m ic ro an a to m ica l  l e v e l  a s  in  th e  g ro s s



7

s c a lp  re c o rd e d  EEG. As m entioned p r e v io u s ly ,  J a s p e r  (1 9 3 6 ) 

observed  t h a t  a  slow p o s t - s t im u lu s  p o s i t i v i t y  in  th e  human 

EEG was a s s o c i a t e d  w ith  a  com plete  d ropp ing  ou t o f  th e  

a lp h a  rhythm . He a l s o  n o t ic e d  t h a t  when t h i s  p o s i t i v e  wave 

was fo l lo w ed  by a slow n e g a t iv e  wave, a lp h a  rem ained  b lo c k ­

ed u n t i l  t h e  peak o f  th e  n e g a t iv e  wave and th e n  r e tu rn e d  

on ly  a f t e r  th e  b a s e l in e  EEG had rea ch e d  i t s  p r e - s t im u lu s  

l e v e l .  J a s p e r  (1936) concluded  t h a t  rhy thm ic  a c t i v i t y  i s  

p e rm it te d  o n ly  between c e r t a i n  c o r t i c a l  t i s s u e  p o l a r i z a t i o n  

l i m i t s .  Drawing on an an a lo gy  w ith  th e  mammalian m y e lin a ted  

axon, w here in  s u s ta in e d  n e g a t i v i t y  b u i ld s  up d u r in g  h igh  

f req u e n cy  s t i m u l a t i o n  and i s  fo l lo w ed  by a lo n g  p o s i t i v i t y  

d u r in g  a  r e f r a c t o r y  p e r io d  o f  reduced  e x c i t a b i l i t y ,  J a s p e r  

p roposed  t h a t  t h e r e  a r e  two mechanisms which can  produce 

a lp h a  b lo c k in g .  One he c a l l e d  c a th o d a l  b lock  which w i l l  

ap p ea r  as  a c o r t i c a l  s u r f a c e  n e g a t i v i t y  and i s  due to  

in c re a s e d  e x c i t a t i o n  and n e u ro n a l  d e s y n c h ro n iz a t io n .  The 

o th e r  i s  ano da l d e p re s s io n  which r e p r e s e n t s  p h y s io lo g ic a l  

i n h i b i t i o n  o f  i n d iv id u a l  n eu rons  and w i l l  a p p e a r  a s  c o r t i ­

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

Alpha and th e  CNV

The CNV i s  a  s u s ta in e d  n e g a t iv e  s h i f t  i n  t h e  EEG 

b a s e l i n e  t h a t  a p p e a rs  when a  s u b je c t  p re p a re s  t o  respond  

t o  an im p e ra t iv e  s t im u lu s  (W a lte r ,  Cooper, A ld r id g e ,

McCallum and W in te r ,  196 4 ) .  T h is  p r e p a r a t i o n  may be f o r  

a  motor re sp o n se  to  th e  im p e ra t iv e  s t im u lu s  o r  even j u s t



8

to  r e c e iv e  in fo rm a tio n  from th e  s t im u lu s  e v en t .  The CNV 

i s  o p tim ized  i f  th e  im p e ra t iv e  s t im u lu s  i s  s ig n a le d  by 

a w arn ing  s t im u lu s  t h a t  o ccu rs  around 1 sec e a r l i e r .  In 

t h i s  c a se  th e  CNV i s  th o u g h t  to  be a  summed com posite  o f 

an o r i e n t i n g  p o t e n t i a l  ("0  Wave") t h a t  occu rs  a f t e r  th e  

warning s t im u lu s  (S I)  and an expec tancy  p o t e n t i a l  ("E 

Wave") t h a t  deve lops  p r i o r  to  th e  im p e ra t iv e  s t im u lu s  

(S2) (L o v e le s s ,  19?6 ) .  I f  th e  c o n tin g en c y  between SI and 

S2 i s  removed w h ile  SI s t i l l  p o s s e s s e s  s ig n a l  v a lu e ,  th e  

CNV w i l l  be reduced  to  a lon g  l a t e n c y  slow n e g a t iv e  0 'Wave 

in  re sp o n se  to  SI (Rohrbaugh, Syndulko, S a n q u is t  and 

L in d s le y ,  1980). The E Wave im m edia te ly  p r i o r  to  22 

r e v e a l s  a tim e co u rse  s i m i l a r  to  t h a t  o f  th e  r e a d in e s s  

p o t e n t i a l  p re c e d in g  v o lu n ta r y  motor a c t io n  (Kornhuber 

and Deecke, 1 9 6 5 ) .  Whether t h i s  t e rm in a l  p o r t io n  o f  th e  

CNV can r e p r e s e n t  c o g n i t iv e  o r  s e n so ry  p r e p a r a t io n  a s id e  

from pure  m o to ric  r e a d in e s s  i s  c u r r e n t l y  under  deb a te  

(Rohrbaugh and C a i l l a r d ,  1983; Ruchkin, S u t to n ,  Mahaffey 

and G la s e r ,  1 9 8 6 ) .

I n t r a c e r e b r a l  r e c o r d in g s  in  humans have found t h a t  

s u s ta in e d  c o r t i c a l  n e g a t i v i t i e s  a r e  a l s o  r e p r e s e n te d  

s u b c o r t i c a l l y  in  th e  m esencephalon (McCallum, Papakos- 

t o p o u l i e s  and G r i f f i t h ,  1 9 ?6 ).  T h is  cou ld  i n d i c a t e  t h a t  

th e  CNV i s  concom itan t w ith  a c t i v a t i o n  m edia ted  by th e  

m esencepha lic  r e t i c u l a r  fo rm a t io n .  Given t h a t  s t im u la t io n  

o f  th e  m esencephalon in  th e  c a t  p roduces a r r e s t  o f  c o r t ­

i c a l  r h y th m ic i ty  (Moruzzi and Ilagoun, 19 ^9). th e  human
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i n t r a c e r e b r a l  work would su g g e s t  t h a t  t h e r e  sh o u ld  be a 

n e g a t iv e  c o r r e l a t i o n  between CNV a m p li tu d e  and th e  a lp h a  

rhythm.

p f u r t s c h e l l e r  and A ra n ib a r  (1976) o b ta in e d  s p e c t r a l  

power e s t im a te s  o f  EEG a c t i v i t y  d u r in g  th e  i n t e r v a l  be­

tween SI and S2 in  a  CNV parad igm . T hree  l e v e l s  o f  t a s k  

c o m p lex ity  were u se d .  In  th e  f i r s t ,  t h e  s u b je c t  was n o t  

r e q u i r e d  t o  re sp o n d  t o  S2 and p a s s i v e ly  a w a ited  i t s  

o c cu ren ce .  In  t h e  seco nd , th e  s u b j e c t  respo nded  to  S2 

w he th er  i t  was an a u d i t o r y  o r  a  v i s u a l  s t im u lu s .  F i n a l l y ,  

th e  s u b j e c t  would re sp o n d  to  S2 i f  i t  was a v i s u a l  s t im ­

u lu s  b u t  n o t  i f  i t  was a u d i t o r y .  CNV am p li tu d e  in c re a s e d  

w ith  e x p e r im e n ta l  c o m p le x i ty ,  however th e  m agnitude  o f  

d e c re a se  i n  th e  power o f  th e  a lp h a  band (7 -1 3  Hz) d u r in g  

th e  S1-S2 i n t e r v a l  d id  n o t .  Alpha power d e c re a se d  a f t e r  

SI t o  th e  same e x te n t  in  a l l  t h r e e  t a s k  c o n d i t i o n s .

A cross s u b j e c t s ,  a lp h a  power d i s p la y e d  marked v a r i a b i l i t y  

in  th e  i n t e r v a l  im m ed ia te ly  p re c e d in g  S2. In  one i n d i ­

v id u a l  a lp h a  power a c t u a l l y  i n c r e a s e d  above t h e i r  p r e -  

S1 b a s e l i n e  amount d u r in g  t h e  p e r io d  p r i o r  t o  S2.

Grunewald, G runew ald -Z ub erb ie r  and Netz (1980) had 

s u b j e c t s  re sp o n d  t o  S2 w i th  e i t h e r  slow ( " r a m p l ik e " )  o r  

f a s t  ( " b a l l i s t i c " )  movements. S p e c t r a l  power i n  t h e  a lp h a  

band (8 -1 2  Hz) d u r in g  th e  S1-S2 i n t e r v a l  was s i g n i f i c a n t l y  

low er f o r  th e  f a s t  movement c o n d i t i o n  a t  f r o n t a l ,  c e n t r a l ,  

p a r i e t a l  and o c c i p i t a l  e l e c t r o d e s .  T h is  d i f f e r e n c e  be­

tween movement c o n d i t i o n s  was most pronounced in  th e
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m iddle  o f  t h e  S1-S2 i n t e r v a l ,  t e n d in g  to  d i s a p p e a r  by 

th e  tim e o f  S2. CNVs were i d e n t i c a l  between movement 

c o n d i t io n s  excep t a t  Cz, where th e  f a s t  movement con­

d i t i o n  was a s s o c i a t e d  w ith  a l a r g e r  CNV. U n like  th e  a lp h a  

power d i f f e r e n c e ,  th e  CNV d i f f e r e n c e  a t  Cz ten d ed  t o  i n ­

c re a s e  tow ards  th e  t im e  o f  S2 p r e s e n t a t i o n .

Denoth, Z a p p o l i ,  Navona and Ragazzoni (198**) r a n  

s u b j e c t s  i n  S1-S2 paradigm s w i th  eyes open and c lo s e d .  

Over b lo c k s ,  SI and S2 were in  e i t h e r  th e  v i s u a l  o r  

a u d i to r y  m o d a l i t i e s .  In  a l l  c o n d i t i o n s  th e y  found t h a t  

th e  maximum a lp h a  power d e c re a s e  o c c u r re d  around  500 

msec p o s t - S l .  T h is  i n i t i a l  a lp h a  decrem ent was fo l lo w ed  

in  th e  rem a in in g  p a r t  o f  th e  S1-S2 i n t e r v a l  by marked 

i n t r a -  and i n t e r s u b j e c t  v a r i a b i l i t y .  In  most c a s e s  a lp h a  

power r e tu r n e d  t o  th e  p r e - S l  l e v e l  b u t  o c c a s io n a l ly  an 

in c r e a s e  ( “h y p e r s y n c h ro n iz a t io n " )  above t h a t  l e v e l  o c c u r ­

re d  p r i o r  t o  S2. CNVs were i d e n t i c a l  o v e r  a l l  c o n d i t i o n s  

i n  t h e  f i r s t  h a l f  o f  th e  S1-S2 i n t e r v a l .  In  th e  second 

h a l f ,  v i s u a l  m o d a l i ty  CNVs ten d ed  to  be l a r g e r  th an  th o s e  

found in  th e  a u d i to r y  t a s k s .

In  l i g h t  o f  t h e  above work, i t  seems t h a t  a lp h a  

a c t i v i t y  i s  m axim ally  su p p re s se d  i n  t h e  CNV paradigm  a t  

a  p o i n t  ro u g h ly  500 msec a f t e r  t h e  o c c u r re n c e  o f  S I .

T h is  c o r re sp o n d s  w ith  t h e  l a t e n c y  o f  t h e  f i r s t  CNV sub­

component o r  0 Wave. The l a c k  o f  a  c o n s i s t e n t  mode o f  

a lp h a  re s p o n s e  im m ed ia te ly  p r i o r  t o  S2 s u g g e s t s  t h a t
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a lp h a  abundance i s  in dependen t o f  th e  £ Wave. I t  would 

ap p ea r  t h a t  i t  i s  th e  0 Wave subcomponent o f  th e  CNV 

which i s  a s s o c i a t e d  w ith  EEG d e sy n c h ro n iz a t io n  and a lp h a  

s u p p re s s io n .  I f  t h e  0 Wave and a lp h a  su p p re s s io n  may 

bo th  be c o n s id e re d  i n d i c a t o r s  o f  g e n e r a l i z e d  a r o u s a l ,  

t h e i r  a s s o c i a t i o n  a t  500 msec p o s t - S l  in  th e  CNV paradigm 

cou ld  r e f l e c t  th e  a l e r t i n g  a c t io n  o f  t h a t  s t im u lu s .  The 

la c k  o f  c o n s i s t e n t  a lp h a  su p p re s s io n  p r i o r  to  S2 i n d i c a t e s  

t h a t  th e  g e n e r a l i z e d  a r o u s a l  o r  a l e r t i n g  mechanism does 

n o t  n e c e s s a r i l y  rem ain  engaged a s  th e  s p e c i f i c  respo nse  

s e t  i s  b e in g  p re p a re d .

B efo re  c o n c lu d in g  t h i s  s e c t i o n  a group o f  s tu d i e s  

should  be c o n s id e re d  w hich , a l th o u g h  th e y  do n o t  a d d re s s  

th e  q u e s t io n  d i r e c t l y ,  shed some l i g h t  on th e  r e l a t i o n ­

sh ip  between a lp h a ,  CNV and P300. Thompson and O b ris t  

(196^) and Thompson and Thompson (1965) n o te d  a  g e n e ra l  

i n c r e a s e  i n  low v o l ta g e  f a s t  a c t i v i t y  ( b e ta )  and a c o r ­

re sp o n d in g  d e c re a s e  in  a lp h a  in  th e  human EEG du rin g  th e  

e a r l y  s t a g e s  o f  a s e r i a l  o rd e r  l e a r n in g  t a s k .  During 

o v e r l e a r n in g ,  t h e r e  was a  ten d en cy  f o r  bo th  a lp h a  and 

b e ta  t o  r e t u r n  t o  c o n t r o l  l e v e l s .  These a u th o r s  co n c lu ­

ded t h a t  l e a r n in g  i s  accompanied by d e c rea se d  a ro u s a l  

l e v e l s  a s  r e f l e c t e d  by th e  r e t u r n  i n  a lp h a .  P e t e r s ,  B i l -  

l i n g e r  and K no tt  (1977) re c o rd e d  ERPs d u r in g  a con sonan t-  

vow el-con son an t p a i r e d  a s s o c i a t e  t a s k .  They looked a t  

changes i n  CNV and P300 a m p li tu d e  a s  a f u n c t io n  o f  im-
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proved a s s o c i a t e  r e c a l l  ove r  t r i a l  b lo c k s .  At th e  b e g in ­

n in g ,  CNV between th e  cue CVC and th e  r e c a l l  prompt was 

l a r g e  and c o r r e c t  r e c a l l  was 3 t o  2$%. As s u b j e c t s  ap­

proached 86% r e c a l l ,  t h e  CNV d isa p p e a re d  and a l a r g e  

P300 t o  t h e  cue CVC had d ev e lo ped . These i n v e s t i g a t o r s  

su g g e s te d  t h a t  th e  CNV i n  th e  e a r l y  p a r t  o f  th e  t a s k  

i n d ic a t e d  a ro u s a l  w h ile  t h e  ap p ea rance  o f  a  P300 in  th e  

l a t e r  p a r t  r e f l e c t e d  th e  s u b j e c t ' s  i n c r e a s in g  c o n fid e n ce  

t h a t  th e y  “knew" th e  a s s o c i a t e  CVC a s  soon a s  t h e  cue 

a p p ea red . I f  th e  above s tu d y  i s  ta k e n  in  c o n ju n c t io n  w i th  

th e  Thompson and O b r i s t  work, i t  m ight be s a id  t h a t  CNV 

and s p a r s e  a lp h a  w i l l  be found upon t o n ic  a r o u s a l .  Re­

t u r n in g  a lp h a  abundance and th e  P300 w i l l  a p p ea r  a s s o ­

c i a t e d  when p ro c e s s in g  becomes more p h a s ic  and d e l im i te d  

to  d i s c r e t e  p e r io d s  around s t im u lu s  e v e n ts .

Q u es tions  About th e  A veraging P ro cess

I t  h a s  been p roposed  t h a t  s i g n a l  e x t r a c t i o n  i s  n o t  

t h e  a c t u a l  a c t i o n  t h a t  i s  t a k in g  p la c e  d u r in g  th e  a v e r ­

ag in g  p r o c e s s .  S a y e rs ,  B eagley  and H en sh a ll  (197*0 t h e o ­

r i z e d  t h a t  an e f f e c t i v e  s t im u lu s  a c t s  m ain ly  t o  p h a se -  

c o n s t r a i n  spon taneous EEG a c t i v i t y .  Thus th e  evoked 

re sp o n se  i s  formed from v a r io u s  ongoing  harm onic com­

p o n e n ts  o f  th e  sp o n taneou s  EEG which a r e  r e - a l i g n e d  in  a 

c o n s i s t e n t  manner f o r  a  l i m i t e d  p e r io d  o f  t im e  a f t e r  

every  s t im u lu s  p r e s e n t a t i o n .  S ay e rs  e t  a l .  (197*0 

o b ta in e d  power s p e c t r a  from epochs b e fo re  and a f t e r  an
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a u d i to r y  evoked re s p o n se .  Power s p e c t r a  o f  t h e  p o s t -  

s t im u lu s  epoch d id  n o t  d i f f e r  s i g n i f i c a n t l y  from power 

s p e c t r a  o f  th e  immediate p r e - s t im u lu s  p e r io d .  Hence a 

s t im u lu s  t h a t  evokes a  c o r t i c a l  ERP does n o t  do so by 

a d d i t i o n  o f  a  new s p e c t r a l  component to  th e  EEG. Also 

t h e r e  were no harmonic a m p li tu d e  d i f f e r e n c e s  between th e  

s p e c t r a  o f  evoked re s p o n se s  to  h ig h  i n t e n s i t y  a u d i to r y  

s t i m u l a t i o n  and s p e c t r a  o f  th e  EEG fo l lo w in g  i n e f f e c t i v e  

low i n t e n s i t y  s t i m u l a t i o n .  There  were marked d i f f e r e n c e s  

in  th e  d i s t r i b u t i o n  o f  phase  s p e c t r a l  v a lu e s  between 

p o s t - s t im u lu s  epochs a c c o rd in g  to  s t im u lu s  i n t e n s i t y .

F o r  t h e i r  f i n a l  d e m o n s tra t io n ,  S a y e rs  e t  a l .  (197*0 im­

posed th e  p h a s e - s p e c t r a l  p r o p e r t i e s  o f  h ig h  s t im u lu s  

i n t e n s i t y  evoked re s p o n se s  on a r b i t r a r i l y  s e l e c t e d  

segm ents from a s u b j e c t ' s  spon taneous EBG. The 'manu­

fa c tu re d *  waveform o f  th e  av erag e  p h a se -m o d if ie d  spon­

ta n e o u s  EEG c l o s e l y  resem bled  t h a t  o f  th e  s u b j e c t ' s  

av e raged  evoked re sp o n se  to  a u d i to r y  s t i m u l a t i o n .

P a rv in ,  T o r re s  and Johnson  (1980) compared th e  

a d d i t i v e  re sp o n se  model o f  ERP g e n e r a t io n  t o  what th e y  

c a l l e d  a  spo n taneous EEG re s p o n se  model. The a d d i t i v e  

re s p o n se  model assumes t h a t  a  c o n s ta n t  re sp o n se  i s  added 

t o  th e  EEG a f t e r  each s t im u lu s  p r e s e n t a t i o n .  The spon­

ta n e o u s  EEG re s p o n s e  model works th ro u g h  a  r e - o r d e r i n g  

o f  ongoing EEG a c t i v i t y  induced  by s t i m u l a t i o n  in  much 

t h e  same way a s  proposed  by S ayers  e t  a l .  (197**)* In  ad­
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d i t i o n ,  P a rv in  e t  a l .  ( I 9 8 O) imply t h a t  t h e i r  spontaneous 

EEG re sp o n se  model may in c lu d e  am p litu d e  changes in  on­

go ing  a c t i v i t y  a lo n g  w i th  phase r e - o r g a n i z a t i o n ,  th e  

b a s ic  d i s t i n c t i o n  between a d d i t i v e  and spon taneous models 

s t i l l  be ing  t h a t  what i s  m odulated o r  r e - o r d e r e d  in  th e  

l a t t e r  c a se  a re  p r e - e x i s t i n g  f r e q u e n c ie s  in  th e  EBG. A 

consequence  o f  t h i s  widened d e f i n i t i o n  i s  t h a t  s ig n a l  

e x t r a c t i o n  becomes a  s p e c i a l  c a se  o f  r e - o r d e r e d  sp o n ta ­

neous a c t i v i t y .  I f  changes in  am p li tu d e  o r  phase o f  th e  

ongoing EEG a r e  r e s t r i c t e d  to  a  p a r t i c u l a r  fa m ily  o f  f r e ­

q u e n c ie s ,  o th e r  f r e q u e n c ie s  w i l l  rem ain in  random phase 

t o  th e  s t im u lu s  and w i l l  be averaged  o u t .  P a rv in  e t  a l .  

(1980) perform ed d i g i t a l  f i l t e r i n g  o f  s i n g l e  t r i a l  

evoked re s p o n se  epochs i n t o  t h r e e  bandw id ths , 1 -7  Hz 

( d e l t a / t h e t a ) , 7-14 Hz (a lp h a )  and 14-25 Hz ( b e t a ) .

The f i l t e r e d  epochs were s e p a r a t e l y  averaged  to  o b ta in  

evoked p o t e n t i a l s  r e p r e s e n t in g  s im u lta n eo u s  re s p o n se s  

w i th in  th e  t h r e e  m ajor EEG bands. The 1-7  Hz band alw ays 

had a p o s i t i v e  wave o c c u r r in g  a f t e r  th e  s t im u lu s .  T h is  

wave v a r i e d  in  i t s  l a t e n c y ,  w i th  th e  peak u s u a l ly  

o c c u r r in g  150-300 msec p o s t - s t i m u l u s .  The 7~1^ Hz band 

was more v a r i a b l e  th a n  th e  1-7 Hz band. The tim e  a t  which 

i t s  maximum a c t i v i t y  o c cu rred  co u ld  be from s h o r t l y  

a f t e r  th e  s t im u lu s  to  l a t e  i n  th e  epoch. T here  appeared  

t o  be l i t t l e  im p o r ta n t  a c t i v i t y  i n  th e  14-25 Hz band.

The i n v e s t i g a t o r s  a l s o  o b ta in e d  p l o t s  o f  a v e rag e  power
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f o r  th e  1 -7  Hz and 7~14 Hz bands o v e r  th e  p o s t - s t im u lu s  

epoch d u r a t io n .  Power in  t h e  1 -7  Hz band in c r e a s e d  up 

u n t i l  300 msec and th en  su b s id e d .  In  th e  7-14  Hz band 

power d e c re a se d  a f t e r  s t im u lu s  p r e s e n t a t i o n ,  m ir ro r in g  

th e  i n c r e a s e  i n  low f re q u e n c y  power. P a rv in  e t  a l .  (1980) 

a rg u e d , a s  d id  S ayers  e t  a l .  (1 9 ? 4 ) ,  t h a t  f o r  t h e  a d d i t i v e  

model t o  be a p p r o p r i a t e  t h e r e  sho u ld  alw ays be an i n c r e a s e  

in  epoch power a f t e r  th e  s t im u lu s .  Comparing t h e  d i f f e r ­

ences i n  a v e rag e  epoch power b e fo r e  and a f t e r  s t i m u l a t i o n ,  

th e  more r e c e n t  a u th o r s  su g g e s te d  t h a t  th e  low f req u e n cy  

( d e l t a / t h e t a )  band obeys an a d d i t i v e  model w h ile  th e  

m idd le  f re q u e n c y  (a lp h a )  band re sp o n d s  w ith  phase  r e ­

o r g a n iz a t io n .

Even more r e c e n t l y ,  B a sa r ,  B a s a r - E r o g l iu ,  Rosen and 

S c h u t t  (1984) averag ed  s t im u lu s  om iss io n  re s p o n s e s  f i l t e r ­

ed i n to  s e p a r a t e  bandw idths s i m i l a r  t o  what P a rv in  e t  a l .  

d id  f o r  r e g u l a r  evoked r e s p o n s e s .  B asar  e t  a l .  (1984) 

found t h a t  th e  s t im u lu s  om iss ion  re s p o n se  in  some s u b j e c t s  

was c h a r a c t e r i z e d  by a  phase  r e - o r d e r i n g  and am p li tu d e  

enhancement o f  harm onics in  th e  d e l t a / t h e t a  ra n g e .  They 

p roposed  t h a t  low f re q u e n c y  EEG a c t i v i t y  i s  e n t r a in e d  by 

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

a c t i v i t y  m a n i f e s t s  a s  an endogenous re s p o n se  upon s t im u lu s  

o m iss io n .  To emphasize i t s  p r e - s t im u lu s  a s p e c t ,  th e y  

l a b e le d  th e  e n t r a in e d  low f re q u e n c y  harm onic M-P300M.

B asar e t  a l .  (1984) m entioned t h a t  th e  s u b j e c t s  who had
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shown d e l t a / t h e t a  enhancement upon s t im u lu s  o m iss io n  

were th e  same s u b j e c t s  who cou ld  be c h a r a c t e r i z e d  by an 

abundance o f  a lp h a .  Alpha a c t i v i t y  f o r  t h e s e  s u b j e c t s  

was d im in ish ed  a t  th e  p o in t  o f  s t im u lu s  o m is s io n .  In  

c o n t r a s t ,  t h e  low a lp h a  s u b j e c t s  d i s p la y e d  a lp h a  en­

hancement upon s t im u lu s  om ission  w i th  l i t t l e  o r  no 

change in  low f req u e n cy  power.

The f u n c t io n s  o f  power over  t im e p r e s e n te d  by P a rv in  

e t  a l .  (1980) and th e  r e c i p r o c a l  r e l a t i o n s h i p  between 

p o s t - s t im u lu s  d e l t a / t h e t a  and a lp h a  power m entioned  by 

B asar  e t  a l .  (1984) a r e  e x a c t ly  what J a s p e r  (1936) had 

d e s c r ib e d  some 40 y e a r s  e a r l i e r .  P a rv in  e t  a l .  (1980) 

found a  p o s t - s t im u lu s  in c r e a s e  in  d e l t a / t h e t a  power co ­

in c i d e n t  w i th  a  d e c re a se  in  a lp h a  power. B asa r  e t  a l .  

(1984) found an in c r e a s e  in  d e l t a / t h e t a  power a f t e r  a 

s a l i e n t  ev en t  ( s t im u lu s  o m iss ion ) i f  t h e  s u b j e c t ' s  p r e ­

even t Era co u ld  be c h a r a c t e r i z e d  by abundant a lp h a  power. 

A gain , i n  t h i s  s i t u a t i o n ,  th e  p o s t - e v e n t  d e l t a / t h e t a  

app ea ran ce  i s  a s s o c i a t e d  w ith  a lp h a  d is a p p e a ra n c e .

J a s p e r  (1936) observed  in  th e  ongoing EEG t h a t  a lp h a  

b lo c k in g  was a s s o c i a t e d  w ith  a  slow p o s i t i v e  wave. In  

te rm s  o f  s p e c t r a l  power, th e  slow p o s i t i v e  wave would 

m a n i f e s t  a s  an in c r e a s e  i n  p o s t - s t im u lu s  d e l t a / t h e t a  

power.

I n  o u r  own l a b o r a to r y  we had av erag ed  sm a l l  num­

b e rs  o f  t r i a l s  i n  o rd e r  to  s tu d y  th e  evoked p o t e n t i a l
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c o r r e l a t e s  o f  th e  o r i e n t i n g  r e s p o n s e .  While lo o k in g  a t  

s i n g l e  t r i a l  evoked re s p o n se s  in  th e  EEG, we n o t ic e d  th e  

phenomenon e x e m p lif ie d  by th e  waveforms p re s e n te d  in  

F ig u re  1. T h is  f i g u r e  shows a s i n g l e  t r i a l  re s p o n se  of 

th e  background EEG to  a 100 msec d u r a t io n  1000 Hz tone  

p ip .  The to n e  p ip  was o f  a  r a r e  (10$) 90 dB i n t e n s i t y  

in  a sequence o f  {90%) 80 dB to n e s .  As can be seen , th e  

s t im u lu s  was p receded  f o r  about 500 msec by a 20-40 uV 

a lp h a  s p in d l e .  The a lp h a  a c t i v i t y  i s  b locked  a f t e r  th e  

l a s t  p o s i t i v e  phase  o f  th e  a lp h a  s p in d le  around 300 msec 

p o s t - s t i m u l u s .  The l a s t  two c y c le s  o f  th e  a lp h a  rhythm 

a l s o  seem to  r i d e  on a  slow p o s i t i v e  s h i f t .  We hypo the­

s iz e d  t h a t  t h i s  p o s i t i v e  s h i f t  i s  a  f a c e t  o f  a lp h a  b lo ck ­

in g ,  a s  o r i g i n a l l y  su g g e s te d  by J a s p e r  (193 6 ) ,  and t h a t  

i t  m ight be s u f f i c i e n t l y  t im e - lo c k e d  a f t e r  s t im u lu s  p r e ­

s e n t a t i o n  to  c o n t r i b u t e  t o ,  o r  even be r e s p o n s ib le  f o r ,  

th e  fo rm a t io n  o f  th e  P3 0 0 .

R a t io n a le

The o v e r la p  between a lp h a -b lo c k in g  and P 3 0 0 - e l i c i t i n g  

s t im u lu s  s e t s  i s  c o n s id e r a b le .  Both phenomena r e q u i r e  

n o v e l ,  t a r g e t ,  o r i e n t i n g  o r  s a l i e n t  s t i m u l a t i o n  and a re  

n o t  found upon s t i m u l i  t h a t  f a i l  to  engage th e  s u b j e c t ' s  

a t t e n t i o n .  Given ou r  o b s e r v a t io n s  o f  s i n g l e  t r i a l  ERP 

d a ta  and th e  su g g e s t io n  o f  a  u n ique  r e l a t i o n s h i p  between 

p r e - s t im u lu s  a lp h a  and a  p o s t - s t im u lu s  p o s i t i v e  slow wave
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F ig u re  1 .  S in g le  t r i a l  a u d i t o r y  evoked re s p o n se  to  
d e v ia n t  to n e  s t im u lu s .  Prom inent a lp h a  
a c t i v i t y  i n  b o th  e l e c t r o d e s  p re c e d e s  th e  
s t im u lu s .  D e sy n c h ro n iz a t io n  fo l lo w s  a f t e r  
th e  l a s t  p o s i t i v e  phase  a t  300  msec p o s t ­
s t im u lu s .  N ega tiv e  i s  up  in  t h i s  and a l l  
o t h e r  waveform t r a c i n g s .
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from th e  above l i t e r a t u r e ,  we d ec id ed  to  conduct a p re ­

l im in a r y  i n v e s t i g a t i o n  i n t o  th e  e f f e c t  o f  abundant p r e ­

s t im u lu s  a lp h a  a c t i v i t y  upon th e  P300 e l i c i t e d  by a 

r a r e l y  o c c u r r in g  s t im u lu s .  We must emphasize t h a t  t h i s  

i s  n o t  a  " c e n t r a l  i n t e r m i t t e n c y "  h y p o th e s is  ( H a r te r ,  

1 9 6 9 . f o r  rev iew ) p u r p o r t in g  t h a t  th e  a l t e r n a t i n g  neg­

a t i v e  and p o s i t i v e  phases  o f  th e  a lp h a  rhythm r e p r e s e n t  

a c o r t i c a l  s h u t t e r  o f  e x c i t a t o r y  and i n h i b i t o r y  s t a t e s .  

The p re se n c e  o f  a lp h a  r e p r e s e n t s  one s t a t e  w h ile  i t s  

a b sence  i n d i c a t e s  a n o th e r .  W ith in  th e  10 p e r  sec  o s c i l ­

l a t i o n  o f  th e  a lp h a  rhythm th e  fo rm er s t a t e  i s  r e s i d e n t ,  

u n q u a l i f i e d  by th e  n e g a t i v i t y  o r  p o s i t i v i t y  o f  th e  i n ­

d iv id u a l  waves. Nor i s  o u r  h y p o th e s is  a  phase  r e ­

o r d e r in g  o f  background a c t i v i t y  a s  d e s c r ib e d  by S a y e rs ,  

B eagley  and H en sh a ll  (1974) o r  B a sa r ,  B a s a r -E ro g l iu ,  

Rosen and S c h u t t  (1 984 ) . The p o s t - s t im u lu s  slow p o s i t i v ­

i t y  i s  n o t  in  th e  same f re q u e n c y  ran g e  a s  a lp h a .  As i n ­

d i c a te d  by our s i n g l e  t r i a l  EEG d a ta  (F ig u re  1 . ) ,  t h e  

slow p o s i t i v i t y  i s  a s s o c i a t e d  w i th  a b ru p t  c e s s a t i o n  o f  

th e  a lp h a  rhythm and c a n n o t  be c o n s id e re d  a  c o n t in u a t io n  

o f  phase  r e - o r d e r e d  a lp h a  a c t i v i t y .

The experim en t d e s c r ib e d  below i s  what we c a l l  an 

a lp h a  s o r t .  T r i a l s  which a r e  l i k e l y  t o  evoke a  P300 a r e  

s o r t e d  i n to  two b in s  on th e  b a s i s  o f  th e  amount o f  p r e ­

s t im u lu s  a lp h a  band RMS. The t r i a l  b in s  a r e  th e n  sep ­

a r a t e l y  averaged  t o  p roduce  a  "h ig h  p r e - s t im u lu s  a lp h a "
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evoked p o t e n t i a l  and a "low p r e - s t im u lu s  a lp h a "  evoked 

p o t e n t i a l  f o r  each s u b j e c t .  To evoke th e  TJ00,  h ig h ly  

d i s c r e p a n t  i n t e n s i t y  changes were p re s e n te d  d u r in g  a 

n e a r - th r e s h o ld  i n t e n s i t y  d i f f e r e n c e  d i s c r im i n a t io n .  I t  

was hoped t h a t  th e s e  i n t e n s i t y  changes would evoke a 

s u r p r i s e  r e a c t i o n  in  th e  s u b je c t  and th u s  a  P300 

(Duncan-Johnson and Donchin, 1977). w h ile  th e  n e a r -  

t h r e s h o ld  i n t e n s i t y  d i s c r im in a t io n  would keep th e  sub­

j e c t  s u f f i c i a n t l y  a c t i v a t e d  to  c o n s t r a i n  th e  background 

F.Rfi to  th e  a lp h a  and h ig h e r  f req u en cy  bands d u r in g  th e  

ex p erim en t.  Our h y p o th e s is  assumes t h a t  i t  i s  a  f a i r l y  

a b ru p t  t e r m in a t io n  o f  an a lp h a  s p in d le  t h a t  l e a d s  t o  a 

p o s i t i v e  s h i f t  in  th e  EBG (F ig u re  1 . ) .  We t h e r e f o r e  chose 

to  l i m i t  th e  p e r io d  o f  p r e - s t im u lu s  a lp h a  RMS a s s e s s ­

ment to  500 msec in  o rd e r  t o  be su re  t h a t  any h ig h  RMS 

v a lu e  c o u ld  n o t  r e f l e c t  an a lp h a  s p in d le  waning o f  i t s  

own a c c o rd .
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STUDY 1

Method

S u b j e c t s . The s u b j e c t s  were seven  v o lu n te e r  g ra d u a te  

s tu d e n t s  from Queens C o lle g e  i n  F lu s h in g ,  New York. They 

were f o u r  women and t h r e e  men w ith  a median age o f  29  

y e a r s .  They had p a r t i c i p a t e d  in  ebc ex p erim en ts  b e fo re .  

S ix  o f  th e  seven were known to  have w e l l  developed  a lp h a  

rhythm s in  th e  eyes-open  s t a t e .

P ro c e d u re . Each s u b je c t  s a t  in  a  c h a i r  w h ile  w earing  

headphones th rou gh  which b i n a u r a l l y  s im u lta n eo u s  ton e  

p ip s  o f  100 msec d u r a t io n  were p r e s e n te d .  The to n e  p ip s  

were g e n e ra te d  by a  Hewlet Packard  200 CDR a u d io ­

o s c i l l a t o r  and were o f  a c o n s ta n t  1000 Hz f re q u e n c y .

R ise  tim e  f o r  to n e  o n se t  and f a l l  t im e  f o r  to n e  o f f s e t  

were bo th  .25 msec. These s t i m u l i  were g a te d  th rough  

s w itc h e s  un der th e  c o n t r o l  o f  a  H e a th k i t  H8 m icro ­

p ro c e s s o r  and p r e s e n te d  in  p a i r s  s e p a r a te d  by 1 .5  se c .  

S u b je c ts  were i n s t r u c t e d  to  resp ond  by d i f f e r e n t i a l  key 

p r e s s  w he ther  th e  second s t im u lu s  (S2) o f  each p a i r  was 

o f  th e  same i n t e n s i t y  a s  th e  f i r s t  (S I )  o r  s l i g h t l y  

lo u d e r .  They were a llow ed  to  u se  t h e i r  p r e f e r r e d  hand 

and were t o l d  t h a t  re s p o n se  speed was n o t  im p o r ta n t  

w h ile  a c c u ra c y  was. An LED f o u r  f e e t  in  f r o n t  o f  th e  

s u b j e c t  se rv ed  a s  a  v i s u a l  f i x a t i o n  p o in t  when i l lu m ­

i n a t e d .  The LED went on 1 sec  p r i o r  t o  SI and was tu rn e d  

o f f  upon th e  s u b j e c t ' s  re s p o n se  key p r e s s .  Feedback was
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p ro v id ed  in  t h a t  th e  f i x a t i o n  l i g h t  would be b r i e f l y  r e -  

i l l u m in a te d  .5  sec a f t e r  th e  s u b j e c t ' s  re sp o n se  i f  S2 

was a c t u a l l y  lo u d e r  th a n  S I .  An S1-S2 ton e  p ip  p a i r ,  

a lo n g  w ith  th e  d u r a t io n  f o r  which th e  LED was i l l u m in a ­

t e d ,  com prised  a  s i n g l e  t r i a l .  T r i a l  p r e s e n t a t i o n  was 

m anually  i n i t i a t e d  on th e  m ic ro p ro c e s s o r  w ith  an i n t e r -  

t r i a l -  i n t e r v a l  between 5 t o  15  s e c .

On every  t r i a l  SI was s e t  to  70 dB SPL. P r i o r  to  

d a ta  c o l l e c t i o n  each s u b j e c t ' s  i n t e n s i t y  d i f f e r e n c e  

d e t e c t i o n  th r e s h o ld  was de te rm in ed  by a  d escend ing  

s t a i r c a s e  p ro c e d u re .  On a  random h a l f  o f  th e  s t a i r c a s e  

t r i a l s ,  S2 was s e t  t o  70 dB. On th e  rem a in in g  h a l f ,  S2 

was i n i t i a l l y  s e t  to  80 dB and th e n  d e c re a se d  by 1 dB 

on each t r i a l  o f  t h a t  h a l f  u n t i l  t h e  f i r s t  s u b je c t  f a i l ­

u re  to  r e p o r t  S2 a s  d i f f e r e n t  from S I .  T h e r e a f t e r ,  S2 

was a d ju s te d  by .1 dB s t e p s  a c r o s s  th e  " d i f f e r e n t "  t r i a l s  

u n t i l  th e  s u b j e c t  a ch iev e d  a  c r i t e r i o n  o f  t h r e e  t r i a l s  

c o r r e c t l y  r e p o r t e d  ou t  o f  f o u r  o r  ro u g h ly  75# c o r r e c t  

pe rfo rm an ce . T h is  f i n a l  v a lu e  was used  a s  th e  d i f f e r e n c e  

th r e s h o ld  in  th e  ensu ing  d a ta  c o l l e c t i o n  b lo c k .

The t o t a l  number o f  t r i a l s  f o r  each s u b j e c t  d u r in g  

ehtc r e c o rd in g  was 160. On a random 40# o f  th e  t r i a l s  th e  

i n t e n s i t y  o f  S2 was s e t  equa l  t o  t h a t  o f  SI a t  70  dB. On 

sm o th er  random 40#, S2 was s e t  t o  a h ig h e r  i n t e n s i t y  

which e q u a l le d  75# c o r r e c t  d e t e c t i o n  o f  d i f f e r e n c e  o r  

no d i f f e r e n c e  from 70 dB. On t h e  rem a in in g  20# ( 3 2 ) t r i a l s
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S2 was s e t  t o  10 dB above th e  t h r e s h o ld  i n c r e a s e .  Sub­

j e c t s  were inform ed t h a t  an o c c a s io n a l  "much lo u d e r"

S2 would be p re s e n te d  b u t  were g iv en  no i n d i c a t i o n  on 

which t r i a l s  th e  h ig h ly  d i s c r e p a n t  s t im u lu s  would o ccu r .  

S u b je c ts  were i n s t r u c t e d  to  respond  to  th e  r a r e  S2s a s  

" d i f f e r e n t "  in  th e  same manner a s  th e y  d id  f o r  th e  th r e s h  

o ld  i n t e n s i t y  changes . The o n ly  c o n s t r a i n t s  on th e  above 

ran d o m iza t io n  were t h a t  none o f  th e  32 r a r e  i n t e n s i t y  

in c r e a s e  t r i a l s  cou ld  fo l lo w  a n o th e r  o r  be one o f  th e  

f i r s t  f i v e  t r i a l s  in  a  b lo ck .

EEG Record in,?. EEG a c t i v i t y  was re c o rd e d  from 

c e n t r a l  (Cz) and p a r i e t a l  (Pz) m id l in e  s i t e s  a c c o rd in g  

to  th e  t e n - tw e n ty  system  o f  e l e c t r o d e  p lacem en t.  These 

s i t e s  were r e f e r e n c e d  to  l in k e d  e a r lo b e s .  The e l e c t r o -  

ocu log raph  (EOG) was measured from s u p ra -  and s u b o r b i t a l  

p lacem en ts  f o r  th e  r i g h t  eye. The EOG p lacem en ts  were 

r e f e r e n c e d  to  each o th e r .  The s u b j e c t  was grounded 

th roug h  an e l e c t r o d e  a f f i x e d  to  th e  l e f t  m a s to id .  Beck­

man Ag-AgCl e l e c t r o d e s  were used  f o r  a l l  p lacem en ts  and 

had a measured r e s i s t e n c e  o f  Ohms. A ll  c h an n e ls  were 

a m p l i f i e d  on P r in c e to n  A pplied  R esearch  a m p l i f i e r s  w ith  

EEG c h a n n e ls  s e t  to  a g a in  o f  10K and th e  EOG t o  a g a in  

o f  5K. A ll  c h an n e ls  had a  lo w er bandpass ( - 3  dB a t t e n ­

u a t io n )  o f  30 Hz and an u p p e r  bandpass ( -3  dB a t t e n u a t i o n )  

o f  .03  Hz. The a m p l i f ie d  EEG from th e  two s c a l p  c h a n n e ls  

a lo n g  w i th  th e  EOG were s to r e d  on t h r e e  s e p a r a t e  c h an n e ls
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o f  a  Sangamo e ig h t  chan ne l FM ta p e  r e c o r d e r .  A f o u r t h  

chan ne l was used  to  s t o r e  an e x te r n a l  sy n c h ro n iz in g  

p u ls e  which was g e n e ra te d  500  msec p r i o r  to  th e  o n se t  

o f  SI on each t r i a l .

EEG and ERP A n a ly s i s . The EEG from th e  Pz e le c t r o d e  

was p layed  back o f f - l i n e  th ro ugh  a s e r i e s  o f  t h r e e  Krohn- 

H i te  model 3?00R an a lo g  f i l t e r s .  The f i l t e r s  were a d ju s te d  

to  p a ss  a c t i v i t y  in  th e  a lp h a  bandwidth (8 -12  Hz) w ith  

30# a t t e n u a t i o n  a t  ? .8  and 1 2 .5  Hz on f i n a l  o u tp u t .  

Norm alized RMS o f  th e  f i l t e r e d  EEG from Pz was o b ta in e d  

by A-to-D c o n v e rs io n  w ith  th e  H e a th k i t  H8 m ic ro p ro c e ss o r  

on each t r i a l  f o r  a p e r io d  o f  500  msec im m edia te ly  p r i o r  

to  S2. The no rm alized  RMS was c a l c u l a t e d  from th e  s ta n d a rd  

d e v ia t i o n  o f  th e  f i l t e r e d  in p u t  so a s  to  e l im in a te  con­

t r i b u t i o n  by any DC o f f s e t  th ro u g h o u t  th e  d i g i t i z e d  p e r io d .

W ith in  each s u b j e c t ' s  s e s s io n ,  8 o f  th e  32 r a r e  t r i a l s  

(S2 s e t  to  th r e s h o ld  p lu s  10 dB in c r e a s e d  i n t e n s i t y  above

SI)  w i th  no a s s o c i a t e d  EOG a c t i v i t y  were s e l e c t e d  a s  hav ing  

th e  h i g h e s t  f i l t e r e d  a lp h a  band RMS v a lu e s  f o r  500 msec 

p r i o r  to  S2 (h ig h  a lp h a ) .  A nother e ig h t  r a r e  t r i a l s  f r e e  

o f  EOG a c t i v i t y  were s e l e c t e d  a s  hav in g  th e  lo w e s t  f i l ­

t e r e d  a lp h a  band RMS p r i o r  t o  S2 (low a lp h a ) .  The un­

f i l t e r e d  ERG a t  Cz and Pz f o r  th e  above s e l e c t e d  t r i a l s  

was th e n  d i g i t i z e d  on th e  H8 f o r  a  p e r io d  from 200 msec 

b e fo re  t o  1000 msec a f t e r  S2 a t  a  r a t e  o f  77 sam ples p e r  

sec  (13 msec r e s o l u t i o n ) .  These d a ta  were th e n  averaged
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t o  p rod uce , f o r  each s u b j e c t  a t  b o th  e l e c t r o d e  s i t e s ,  

s e p a r a t e  8 - t r i a l  averaged  evoked r e s p o n s e s  a s s o c i a t e d  w ith  

h ig h  and low l e v e l s  o f  a lp h a  d e n s i t y  a t  t h e  Pz e l e c t r o d e  

p r i o r  to  s t im u lu s  p r e s e n t a t i o n .

R e s u l ts

The g rand  mean waveforms o f  th e  seven  i n d iv i d u a l  sub­

j e c t s '  ERPs to  r a r e  s t im u lu s  i n t e n s i t y  in c r e a s e  a r e  d i s p la y e d  

i n  F ig u re  2 . S e p a ra te  g rand  mean ERPs a s s o c i a t e d  w i th  h ig h  

and low p r e - s t im u lu s  a lp h a  c o n d i t i o n s  a r e  superim posed . A lso 

d is p la y e d  a r e  t h e  grand  means o f  each s u b j e c t ' s  mean p r e ­

s t im u lu s  a lp h a  band RMS f o r  th e  e ig h t  t r i a l s  in  t h e  h igh  

and low a lp h a  c o n d i t i o n s .

The waveforms o f  F ig u re  2 r e v e a l  g r e a t e r  p o s i t i v i t y  in  

th e  300 msec r e g io n  o f  th e  h ig h  p r e - s t im u lu s  a lp h a  ERPs.

At Cz th e  enhanced p o s i t i v i t y  a p p e a rs  m o s t ly  in  th e  P300 

peak w h i le  a t  Pz i t  a p p ea rs  d i s t r i b u t e d  th ro u g h o u t  th e  epoch 

from 100 msec t o  ro u g h ly  800 msec p o s t - s t i m u l u s .  T here  does 

seem t o  be a  s m a l l e r  N100 peak in  th e  h ig h  a lp h a  ERP in  

com parison  to  t h e  low a lp h a  ERP a t  Cz. The N100 i s  p o o r ly  

developed  f o r  b o th  h ig h  and low a lp h a  c o n d i t i o n s  a t  Pz.

The d i f f e r e n c e  between t h e  g ran d  mean a lp h a  band RMS l e v e l s  

f o r  th e  h ig h  and low s o r t e d  t r i a l s  i s  on th e  o r d e r  o f  Jk uV.

P300 a m p li tu d e  s c o re s  were o b ta in e d  f o r  each s u b j e c t ' s  

d a ta  by b a s e l i n e - t o - p e a k  measurement o f  th e  most p o s i t i v e  

p o in t  w i th in  th e  waveform from 250  t o  500 msec p o s t - s t i m u l u s .
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R M S  M E A S U R E D  5 0 0  M S E C  PRE -  S T I MU L U S .

LOW  A L P H A  TRI ALS ( 8 / S U B J E C T )  

X RMS  F OR 7  S U B J E C T S  = 21 u V

H I G H  A L P H A  TRI ALS ( 8 / S U B J E C T )  

X RMS FOR 7  S UB J E C T S  = 5 5  u V

~  15 uV

1 0 0  MS E C

F ig u re  2 . Grand mean waveforms o f  av eraged  evoked 
p o t e n t i a l s  t o  r a r e  in c r e a s e d  i n t e n s i t y  
a u d i to r y  s t i m u l i .  The evoked p o t e n t i a l s  
were av e raged  from s e p a r a t e  h ig h  and low 
p r e - s t im u lu s  a lp h a  t r i a l  ' b i n s ' .
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N100 a m p li tu d e s  were o b ta in e d  by s i m i l a r l y  m easuring  th e  

most n e g a t iv e  p o in t  from 75 to  150  msec p o s t - s t im u lu s .

The m easurements f o r  bo th  peaks  were su b m itte d  to  s e p a r a te  

ANOVAs w ith  two l e v e l s  o f  a  P re -S t im u lu s  Alpha f a c t o r  (h ig h  

v s .  low) and two l e v e l s  o f  an E le c t ro d e  f a c t o r  (Cz v s .  P z ) .  

The ANOVA on th e  P300 m easure (Appendix A) produced a 

s i g n i f i c a n t  main e f f e c t  o f  P re -S t im u lu s  Alpha (F = 4 6 .7 1 ,  

p < .0 0 0 5 )  w ith  no s i g n i f i c a n t  e f f e c t  o f  E le c t ro d e  o r  i n t e r ­

a c t io n  between P re -S t im u lu s  Alpha and E le c t ro d e .  The ANOVA 

f o r  th e  N100 m easure (Appendix B) produced a s i g n i f i c a n t  

main e f f e c t  f o r  E le c t ro d e  (F =s 13 -3 2 , p <  .02) w h ile  t h e r e  

was no s i g n i f i c a n t  e f f e c t  o f  P re -S t im u lu s  Alpha o r  i n t e r ­

a c t io n  between Alpha and E le c t ro d e  f a c t o r s .

Though th e  above a n a ly s e s  d e m o n s tra te  an e f f e c t  o f  p r e ­

s t im u lu s  a lp h a  on th e  P300, th e y  do n o t  d e te rm in e  t h a t  t h i s  

e f f e c t  i s  s p e c i f i c  t o  p r e - s t im u lu s  a c t i v i t y  in  th e  a lp h a  

band. I t  m ight be t h a t  i f  t r i a l s  were s o r t e d  by h ig h  and 

low EEG RMS r e g a r d l e s s  o f  f re q u e n c y  band, th e  same e f f e c t  

would o b ta in .  We t h e r e f o r e  r e - a n a ly s e d  th e  d a ta  by p la y in g  

back th e  re c o rd e d  EEG o f  each s u b je c t  th ro u g h  th e  Krohn- 

H i te s  w i th  f i l t e r s  r e - a d j u s t e d  to  p a ss  a c t i v i t y  in  th e  

d e l t a / t h e t a  band (30# a t t e n u a t i o n  a t  1 .2  and 7 -8  Hz on 

f i n a l  o u t p u t ) .  We were th u s  a b le  t o  pe rfo rm  a  second s o r t  

o f  th e  r a r e  s t im u lu s  t r i a l s  on th e  b a s i s  o f  h ig h  v s .  low 

d e l t a / t h e t a  RMS from th e  500 msec p r e - s t im u lu s  p e r io d .

A fte r  th is  second s o r t , two o f the  seven subjects p re -
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se n te d  w ith  g r e a t e r  h ig h  v s .  low RMS d i f f e r e n c e s  f o r  

p r e - s t im u lu s  d e l t a / t h e t a  band a c t i v i t y  th an  th e y  d id  

f o r  a c t i v i t y  in  t h e  a lp h a  band. F o r  th e s e  two s u b j e c t s ,  

th e  r a r e  s t im u lu s  t r i a l s  were r e - a v e ra g e d  i n to  s e p a r a te  

h ig h  and low p r e - s t im u lu s  d e l t a / t h e t a  ERPs. These sub­

j e c t s '  d e l t a / t h e t a  s o r t e d  ERPs, a lo n g  w ith  t h e i r  o r i g i n a l  

a lp h a  s o r te d  ERPs, a r e  d is p la y e d  in  F ig u re s  3 and 

I n s p e c t io n  o f  th e  waveforms shows t h a t  P300 a m p li tu d e  

i s  th e  same f o r  h ig h  p r e - s t im u lu s  d e l t a / t h e t a  t r i a l s  in  

com parison w ith  low p r e - s t im u lu s  d e l t a / t h e t a  t r i a l s ,  

w h ile  P300 i s  g r e a t e r  f o r  h ig h  p r e - s t im u lu s  a lp h a  t r i a l s  

th a n  f o r  low a lp h a  t r i a l s  even though  th e  a lp h a  c r i t e r i o n  

r e s u l t s  in  th e  s m a l le r  p r e - s t im u lu s  RMS d i f f e r e n c e .

From t h i s  p r e l im in a r y  e v id e n c e ,  i t  can  be su g g e s te d  t h a t  

th e  P300 enhancement found upon h ig h  l e v e l s  o f  p r e ­

s t im u lu s  a lp h a  i s  s p e c i f i c  t o  a c t i v i t y  in  th e  a lp h a  

band and i s  n o t  th e  r e s u l t  o f  d i f f e r e n c e s  in  g e n e r a l  EEG 

RMS.

Study 1 p ro v id e s  ev idence  f o r  a  p o s i t i v e  r e l a t i o n ­

s h ip  between th e  amount o f  p r e - s t im u lu s  a lp h a  a c t i v i t y  

and th e  am p litu d e  o f  t h e  P300 component. The a m p li tu d e  

o f  th e  N100 was n o t  a f f e c t e d  by p r e - s t im u lu s  a lp h a .  These 

f i n d in g s  e s t a b l i s h  two im p o r ta n t  p o i n t s .  F i r s t ,  t h a t  th e  

enhancement o f  th e  P300 by p r e - s t im u lu s  a lp h a  i s  n o t  due 

t o  th e  f o r t u i t o u s  summation o f  a lp h a  waves w i th  evoked 

r e s p o n s e  p e ak s .  The N100 shou ld  s ta n d  an equa l o r  even
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A L P H A  RMS  SORT D E L T A - T H E T A  RMS SORT
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F ig u re  3 . ERPs to  r a r e  in c r e a s e d  i n t e n s i t y  to n e s  f o r  
s u b j e c t  JC . L e f t  column ERPs were av e rag ed  
from s e p a r a t e  h ig h  and low p r e - s t im u lu s  
a lp h a  t r i a l  ' b i n s ' .  R igh t column ERPs were 
av e rag ed  from s e p a r a t e  h ig h  and low p r e ­
s t im u lu s  d e l t a / t h e t a  t r i a l  ' b i n s ' .  Mean 
RMS d i f f e r e n c e  f o r  t h i s  s u b j e c t ' s  h ig h  and 
low a lp h a  t r i a l s  was 12 uV. Mean RMS d i f ­
f e r e n c e  f o r  h e r  h ig h  and low d e l t a / t h e t a  
t r i a l s  was 31 uV.



S U B J E C T  C M F EMAL E  2 2  YRS

A L P H A  RMS  SORT D E L T A - T H E T A  RMS  SORT

L O W  R M S  ------------ L O W RMS------------
X = 7  uV n  = 8  X = 2 4  u V  n  = 8

H I G H  R M S   H I G H  R M S ............
X = 2 8  uV n = 8  X = 7 7  u V  n = 8

t "15 u V

0 u V

100 msec

F ig u re  4 .  ERPs to  r a r e  in c r e a s e d  i n t e n s i t y  to n e s  f o r  
s u b je c t  CM. L e f t  column ERPs were av eraged  
from s e p a r a te  h ig h  and low p r e - s t im u lu s  
a lp h a  t r i a l  ' b i n s ' .  R ig h t column ERPs were 
averaged  from s e p a r a t e  h ig h  and low p r e ­
s t im u lu s  d e l t a / t h e t a  t r i a l  ' b i n s ' .  Mean 
RMS d i f f e r e n c e  f o r  t h i s  s u b j e c t ' s  h ig h  and 
low a lp h a  t r i a l s  was 21 uV. Mean RMS d i f ­
f e r e n c e  f o r  h e r  h ig h  and low d e l t a / t h e t a  
t r i a l s  was 53 uV.
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g r e a t e r  chance , by be ing  e a r l i e r  and in  c l o s e r  tem pora l 

p ro x im ity  to  any " r in g in g "  p r e - s t im u lu s  a lp h a ,  o f  amp­

l i t u d e  enhancement by such a mechanism. Second, t h a t  

a lp h a  s e l e c t i v e l y  enhances what i s  re g a rd e d  a s  an endog­

enous component o f  th e  evoked r e s p o n s e .  T h is  v a l i d a t e s  

th e  view o f  J a s p e r  (1936) and Bagchi (1937) t h a t  a lp h a  

a c t i v i t y  i s  r e s p o n s iv e  t o  i n t e r n a l  e v e n ts  such as  m ental 

a c t i v a t i o n  o r  e f f o r t .

The f a i l u r e  to  o b ta in  P300 am p litu d e  d i f f e r e n c e s  

w ith  p r e - s t im u lu s  d e l t a / t h e t a  m a n ip u la t io n  a rg u e s  a g a i n s t  

th e  i d e a ,  a s  p roposed by B asa r ,  B a s a r -E ro g l iu ,  Rosen and 

S c h u t t  ( 198^ ) ,  t h a t  long  l a t e n c y  ERP components a re  

d e r iv e d  from phase r e - o r d e r e d  low f req u e n cy  p r e - s t im u lu s  

EEG a c t i v i t y .  F u r th e r  ev idence  t h a t  P300 i s  in d e p e n d e n t ,  

i f  n o t  i n v e r s e l y  r e l a t e d  t o ,  th e  low er f re q u e n c y  EEG bands 

has been p re s e n te d  in  a  r e c e n t  s tu d y  by P r i t c h a r d ,  B ran d t,  

S h a p p e l l ,  O 'D ell  and B a r r a t t  (1985)* They o b ta in e d  c o r ­

r e l a t i o n s  between th e  a m p li tu d e  o f  th e  P300 and p re ­

s t im u lu s  s p e c t r a l  power i n  th e  d e l t a ,  t h e t a  and a lp h a  

bands. F o r  r a r e  t a r g e t  s t i m u l i ,  th e  power/P300 c o r r e l a t i o n  

was n e g a t iv e  in  th e  d e l t a  band, ze ro  in  th e  t h e t a  and pos­

i t i v e  i n  th e  a lp h a .  These a u th o r s  p o s tu l a t e d  t h a t  P300 

a m p li tu d e  i s  coup led  t o  "EBG a r o u s a l "  a s  i n d i c a t e d  by 

in c r e a s in g  f re q u e n c y  in  t h e  EEG band s. However, we a re  

s u g g e s t in g  t h a t  t h e r e  i s  som ething  u n iq ue  to  th e  a lp h a  

band i t s e l f .  I f  i t  were a  q u e s t io n  o f  a ro u s a l  a s  r e f l e c t e d
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by in c r e a s in g  EEG f re q u e n c y ,  b e ta  o r  desyn ch ro n ized  EEG 

would be a s s o c i a t e d  w ith  l a r g e r  P300s th an  a lp h a .  Yet in  

S tudy 1 above, s u b j e c t s  were p e rfo rm in g  a  d i f f i c u l t  d i s ­

c r im in a t io n  t a s k  a t  c o n s i s t e n t  l e v e l s  o f  a c c u ra c y .  A rousal 

sho u ld  have been c o n s ta n t  th ro u g h o u t  th e  r e c o rd in g  p e r io d  

w ith  a lp h a  r e p r e s e n t i n g  th e  low er end of th e  EEG a ro u s a l  

spectrum  a t  t h a t  t im e . T h e re fo re  i t  i s  u n l ik e l y  t h a t  our 

a lp h a  s o r t i n g  p ro ced u re  had s e g re g a te d  moments o f  h igh  

"EEG a r o u s a l "  in to  th e  h ig h  p r e - s t im u lu s  a lp h a  t r i a l s  

b in .

S ince  th e  r a r e  s t im u lu s  ERP in  S tudy 1 was e l i c i t e d  

by in c r e a s e s  in  s t im u lu s  i n t e n s i t y ,  th e  q u e s t io n  o f  whe­

t h e r  th e  a l p h a - s e n s i t i v e  P300 was t r u e l y  endogenous m ight 

be r a i s e d .  The purpose  o f  our second s tu d y  was to  r e p l i ­

c a t e  S tudy 1 a s  w e l l  as  to  in c lu d e  a r a r e  d e c rea se d  

i n t e n s i t y  s t im u lu s  c o n d i t io n  to  t e s t  i f  th e  a lph a /P 3 00  

r e l a t i o n s h i p  a p p l i e s  when th e  ERP i s  e l i c t e d  by s t im u lu s  

d i s c re p a n c y  p e r  s e .  I f  i t  should  p rove  to  do so ,  i t  would 

s t r e n g th e n  th e  p o s i t i o n  t h a t  p r e - s t im u lu s  a lp h a  a f f e c t s  

th e  endogenous P300. In a d d i t i o n ,  a  t r i a l s  s o r t  by p o s t ­

s t im u lu s  a lp h a  RMS was perform ed to  t e s t  f o r  an a lp h a  

d e n s i ty  by a lp h a  measurement p e r io d  i n t e r a c t i o n .  Such 

an i n t e r a c t i o n  would become s i g n i f i c a n t  i f  i t  was a lp h a  

b lo c k in g ,  i . e .  h igh  a lp h a  p r e - s t im u lu s  fo l lo w e d  by low 

a lp h a  p o s t - s t i m u l u s ,  t h a t  was a s s o c i a t e d  w i th  la i:ge  P300s. 

E x tr a  e l e c t r o d e s ,  Fz and Oz, were in c lu d e d  t o  p ro v id e
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enough d a ta  f o r  an a n a l y s i s  o f  p r i n c i p l e  components. 

F i n a l l y ,  our s e l e c t i o n  o f  s u b je c t s  was more random, from 

th e  c o l l e g e  u n d e rg ra d u a te  p o p u la t io n  a t  l a r g e ,  w i th o u t  

knowledge o f  w he th er  th e  i n d i v i d u a l ' s  background a lp h a  

rhythm  was w e l l  developed  o r  n o t .  T h is  was t o  t e s t  i f  

t h e  p r e - s t im u lu s  a lp h a  e f f e c t  would g e n e r a l i z e  to  th e  

ty p e  o f  sample o f t e n  r e c r u i t e d  f o r  ERP e x p e r im e n ts .
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STUDY 2

Method

S u b j e c t s . The s u b j e c t s  were 11 v o lu n te e r  g ra d u a te  

and u n d e rg ra d u a te  s tu d e n ts  from Queens C o lleg e  in  F lu s h ­

in g ,  New York w i th  no p re v io u s  e x p e r ien c e  in  EEG o r  

a u d i to r y  d i s c r im i n a t io n  e x p e r im e n ts .  They were seven 

women and f o u r  men w ith  a  median age o f  27  y e a r s .

P ro c e d u re . The s t im u lu s  p r e s e n t a t i o n  a p p a ra tu s  

was e x a c t ly  th e  same as  t h a t  d e s c r ib e d  in  S tudy 1.

P r i o r  to  d a ta  c o l l e c t i o n  each s u b j e c t ' s  i n t e n s i t y  i n ­

c re a s e  d e t e c t i o n  th r e s h o ld  was d e te rm ined  by th e  desend­

ing  s t a i r c a s e  p ro ced u re  d e s c r ib e d  f o r  S tudy 1 . In  

a d d i t i o n ,  th e  s t a i r c a s e  was r e p e a te d  w ith  SI s e t  to  

80 dB SPL and S2 i n i t i a l l y  s e t  to  70 dB on 50% o f  th e  

t r i a l s .  S2 was in c re a s e d  by 1 dB and .1  dB s t e p s  on th e  

" d i f f e r e n t "  t r i a l s  u n t i l  th e  s u b j e c t ’ s i n t e n s i t y  d e c re a se  

d e t e c t i o n  t h r e s h o l d ,  a s  d e f in e d  by 75# c o r r e c t  p e r f o r ­

mance, co u ld  be d e te rm in e d .

The t o t a l  number o f  t r i a l s  (S1-S2 p a i r s )  f o r  each 

s u b j e c t  d u r in g  EEG r e c o r d in g  was 320. These were p re ­

s e n te d  in  f o u r  b lo c k s  o f  80 t r i a l s  each . F o r  two o f  th e  

b lo c k s ,  SI was s e t  t o  70 dB. On a random kQ% o f  th e  t r i a l s  

S2 was a l s o  s e t  to  70 dB. On a n o th e r  random 40# S2 was 

s e t  t o  a h ig h e r  i n t e n s i t y  which e q u a l le d  75% c o r r e c t  

d e t e c t i o n  o f  d i f f e r e n c e  o r  no d i f f e r e n c e  from 70 dB.
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These two b lo ck s  com prised c o n d i t io n  A. F o r  th e  rem ain ­

ing  two b lo c k s ,  SI was s e t  to  80 dB. On 40# o f  th e s e  

t r i a l s  S2 was a l s o  s e t  to  80 dB w h ile  on a n o th e r  40# 

i t  was s e t  to  a  low er i n t e n s i t y  which e q u a l le d  75#
r

c o r r e c t  d e t e c t i o n  o f  d i f f e r e n c e  o r  no d i f f e r e n c e  from 

80 dB. These two b lo ck s  were c o n d i t io n  B. The fo u r  

b lo ck s  were p r e s e n te d  in  a c o u n te rb a la n c e d  ABBA o r  

BAAB f a s h io n  a c r o s s  s u b j e c t s .

On th e  rem ain ing  20# (32) o f  th e  t r i a l s  in  c o n d i t io n  

A, S2 was s e t  to  10 dB above th e  75# c o r r e c t l y  d e te c te d  

th r e s h o ld  i n c r e a s e .  On th e  rem a in in g  20# (32) o f  th e  

t r i a l s  in  c o n d i t io n  B, S2 was s e t  to  10 dB below th e  75# 

c o r r e c t l y  d e te c te d  t h r e s h o ld  d e c r e a s e .  S u b je c t s  were 

i n s t r u c t e d  to  respond  to  S2 by th e  d i f f e r e n t i a l  k e y p re ss  

d e s c r ib e d  f o r  S tudy 1 . The r a r e  S2s were to  be responded  

to  a s  " d i f f e r e n t "  in  th e  same manner a s  th e  th r e s h o ld  

i n t e n s i t y  changes . The on ly  c o n s t r a i n t s  on th e  above 

ran d o m iza t io n  were t h a t  none o f  th e  32 r a r e  i n t e n s i t y  

change t r i a l s  w i th in  a  c o n d i t i o n  c o u ld  fo l lo w  a n o th e r  

o r  be one o f  t h e  f i r s t  f i v e  t r i a l s  i n  a  b lo ck .

EEG R e co rd in g . With th e  e x c e p t io n  o f  th e  i n c lu s io n  

o f  two e x t r a  s c a l p  e l e c t r o d e  c h a n n e ls ,  Fz and Oz, EEG 

r e c o r d in g  was i d e n t i c a l  t o  t h a t  d e s c r ib e d  in  S tudy 1.

ERA and ERP A n a ly s i s . The measurement o f  f i l t e r e d  

ERG RMS from th e  Pz e l e c t r o d e  was th e  same a s  t h a t  

d e s c r ib e d  in  S tudy 1. W ith in  each c o n d i t i o n ,  8 o f  th e
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32 r a r e  s t im u lu s  t r i a l s  (S2 s e t  to  th r e s h o ld  p lu s  10 dB 

d i f f e r e n c e  from SI) w ith  no a s s o c i a t e d  EOG a c t i v i t y  were 

s e l e c t e d  a s  hav ing  th e  h ig h e s t  f i l t e r e d  a lp h a  band RMS 

v a lu e s  500 msec p r i o r  to  S2 (h ig h  a lp h a -p r e  S 2 ) .  Another 

e ig h t  t r i a l s  f r e e  o f  EOG a c t i v i t y  were s e l e c te d  a s  hav ing  

th e  lo w e s t  f i l t e r e d  a lp h a  band RMS p r i o r  to  S2 (low a lp h a -  

pre  S2). In  a s i m i l a r  manner, a  second s e l e c t i o n  was 

perform ed on th e  same 32 t r i a l s  to  o b ta in  th o s e  w ith  th e  

e ig h t  h ig h e s t  and e ig h t  lo w e s t  f i l t e r e d  a lp h a  band RMS 

v a lu e s  from 500 to  1000 msec a f t e r  S2 (h igh  a lp h a -p o s t  

32 and low a lp h a -p o s t  S2).

The u n f i l t e r e d  EEG a t  each e le c t r o d e  f o r  th e  above 

s e l e c t e d  t r i a l s  was th en  d i g i t i z e d  on th e  H8 f o r  a p e r io d  

from 200 msec p r i o r  to  32 t o  1000 msec a f t e r  S2 a t  a  r a t e  

o f  77 sam ples p e r  sec (13 msec r e s o l u t i o n ) .  These d a ta  

were th e n  averaged  s e p a r a t e l y  f o r  th e  r a r e  in c re a s e d  and 

d e c re a se d  i n t e n s i t y  c o n d i t io n s  to  p roduce , f o r  each sub­

j e c t  a t  each e l e c t r o d e  s i t e ,  averaged  evoked re sp o n se s  

a s s o c i a t e d  w ith  bo th  h ig h  and low l e v e l s  o f  a lp h a  d e n s i ty  

b e fo re  and a f t e r  s t im u lu s  p r e s e n t a t i o n .

E xperim en ta l A n a ly s i s . The e x p e r im e n ta l  d e s ig n  con­

s i s t e d  o f  a  2 x 2 x 2 x k  f a c t o r i a l  experim en t w ith  r e ­

p e a te d  m easures over  a l l  f a c t o r s .  The f o u r  in d ep en den t 

v a r i a b l e s  w erei (1 ) two l e v e l s  o f  Alpha D e n s i ty  (h ig h  and 

low n o rm aliz e d  RMS); (2 ) two l e v e l s  o f  S tim u lu s  C o n d it io n  

(10 dB above and 10 dB below d i s c r im in a b le  t h r e s h o ld  i n -
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t e n s i t y  ch an g e );  (3) two l e v e l s  o f  Alpha Measurement 

Epoch (500 msec p r i o r  to  S2 and 500 to  1000 msec a f t e r

S2) ;  and (4) f o u r  l e v e l s  o f  E le c t ro d e  L o ca tio n  (Fz, Cz,

Pz and Oz).
«

P r i n c ip a l  Component A n a ly s is  (PCA) o f  th e  averaged  

waveforms a lo ng  w ith  varim ax r o t a t i o n  was perfo rm ed . The 

PCA was done in  two ways; (1 ) s e p a r a t e l y  by a lp h a  m easure­

ment epoch, th e  d a ta  base  f o r  th e s e  two a n a ly se s  was a 

s e t  o f  176 waveforms (11 s u b j e c t s  x 4 e le c t r o d e  l o c a t i o n s  

x 2 l e v e l s  o f  a lp h a  d e n s i ty  x 2 s t im u lu s  c o n d i t io n s )  and 

94 t im e p o in t s ;  and (2) pooled  a c ro s s  th e  e n t i r e  d a ta  s e t ,  

th e  d a ta  base  f o r  t h i s  a n a l y s i s  was 352 waveforms (11 sub­

j e c t s  x 4 e l e c t r o d e  l o c a t i o n s  x 2 l e v e l s  o f  a lp h a  d e n s i ty  

x 2 s t im u lu s  c o n d i t io n s  x 2 a lp h a  measurement epochs) 

and 94 t im e p o in t s .  C ovariance  abou t o r i g i n  was used to  

perform  th e  PCAs s in c e  t h i s  m a tr ix  a l lo w s  th e  e s t im a te d  

f a c t o r  s c o re s  t o  p re s e rv e  c o r r e c t  p o l a r i t y .  The f a c t o r  

s c o r e s  were th en  su b je c te d  to  a r e p e a te d  m easures a n a l y s i s  

o f  v a r i a n c e .  To c o r r e c t  f o r  th e  p o s s ib l y  i n f l a t e d  d e g re es  

o f  freedom  due to  n o n -o r th o g o n a l i ty  o f  th e  e l e c t r o d e  

f a c t o r ,  th e  d e g re es  o f  freedom a s s o c i a t e d  w ith  each F - 

t e s t  which in c lu d e d  t h i s  f a c t o r  were reduced  a cc o rd in g  

t o  th e  method o f  Je n n in g s  and Wood (1976).

Along w i th  th e  PCA f a c t o r  s c o r e s ,  b a s e l in e - to - p e a k  

m easurem ents o f  th e  P300 were a l s o  o b ta in e d .  The p o r t io n  

o f  th e  epoch from which th e s e  measurements were tak e n
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was de te rm ined  by th e  r e s u l t s  o f  th e  PCA, i . e .  t h a t  

p o r t io n  which co rrespon ded  to  th e  maximal lo a d in g s  o f  

th e  e x t r a c t e d  l a t e  p o s i t i v e  f a c t o r  and was most f r e e  o f  

o v e r la p  from o t h e r  e x t r a c te d  f a c t o r s .  These b a s e l i n e - t o -  

peak measurements were a l s o  su b m itted  to  a  r e p e a te d  

m easures a n a l y s i s  o f  v a r i a n c e .

R e s u l ts

ERP Waveforms. The grand  mean ERPs e l i c i t e d  by 

r a r e  s t im u lu s  i n t e n s i t y  changes and a s s o c i a t e d  w ith  

h igh  and low l e v e l s  o f  p r e - s t im u lu s  a lp h a  band RMS a re  

d e p ic te d  in  F ig u re  5* These ERPs e x h ib i t  waveforms t h a t  

d i f f e r  w ith  d i r e c t i o n  o f  s t im u lu s  i n t e n s i t y  change and 

l e v e l  o f  p r e - s t im u lu s  a lp h a  band RMS.

I n s p e c t io n  o f  th e  waveforms r e v e a l s  t h a t  a t  th e  

f r o n t a l  e l e c t r o d e  (Fz) th e  a u d i to r y  evoked re sp o n se  to  

a  r a r e  i n c r e a s e  in  s t im u lu s  i n t e n s i t y  c o n s i s t s  o f  th e  

N100, P200, N200 and P300 peaks . At th e  more p o s t e r i o r  

e l e c t r o d e s  (Pz and Oz) th e  P200-N200 d e f l e c t i o n  d i s ­

a p p e a rs  and th e  waveforms c o n s i s t  s o l e ly  o f  th e  N100 

and P300 components w i th  a  slow r e s o l u t i o n  o f  P300 

tow ards b a s e l in e  d u r in g  th e  l a s t  600 msec o f  th e  epoch. 

F o r t h e  r a r e  d e c re a s e s  in  s t im u lu s  i n t e n s i t y ,  t h e  aud­

i t o r y  evoked re s p o n se  c o n s i s t s  o f  th e  N100, P200 and 

N200 peaks fo l lo w ed  by a slow p o s i t i v e  wave. In  -c o n tra s t  

w i th  th e  i n t e n s i t y  in c r e a s e  ERPs, th e  i n t e n s i t y  d e c re a se



G R A N D  M E A N  ERPs AV ER AG ED BY P R E - S T I M U L U S
A L P H A  R M S  H I G H  RMS  • L O W  R M S -
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F ig u re  5* Grand mean ERPs from th e  p r e - s t im u lu s  a lp h a  s o r t e d  d a ta .  S o l id  b a rs  
in d ic a t e  d u r a t io n  o f  th e  100 msec to n e  b u r s t .  V e r t i c a l  h a tc h in g s  a re  
a t  100 msec i n t e r v a l s .  V e r t i c a l  mark a t  th e  up per r i g h t  e q u a ls  b 
m ic ro v o l t s .  N egative  i s  up. vo
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evoked re sp o n se  waveforms d i s p l a y  th e  P200-N200 

d e f l e c t i o n  i s  d i s c e r n a b le  a t  a l l  e l e c t r o d e s  in c lu d in g  

Oz. The i n t e n s i t y  d e c re a s e  N200 seems to  occu r  in  th e  

150 to  300 msec ran g e  which i s  p r i m a r i l y  c h a r a c t e r i z e d  

by th e  P300 peak in  th e  i n t e n s i t y  in c r e a s e  c o n d i t i o n .  

Thus i t  i s  p o s s ib l e  t h a t  th e  p re s e n c e  o f  a P300 peak 

in  th e  i n t e n s i t y  i n c r e a s e  c o n d i t io n  s e rv e s  to  d im in ish  

th e  a m p li tu d e  o f  th e  N200 a t  c e n t r a l  and p o s t e r i o r  

e l e c t r o d e s .

The e f f e c t  o f  p r e - s t im u lu s  a lp h a  band RMS upon th e  

i n t e n s i t y  i n c r e a s e  ERP i s  seen  most c l e a r l y  a t  Fz. Here 

th e  h ig h  p r e - s t im u lu s  a lp h a  waveform e x h ib i t s  a P300 

t h a t  i s  abou t 6 uV more p o s i t i v e  th a n  th e  c o r re sp o n d in g  

P300 o f  th e  low p r e - s t im u lu s  a lp h a  ERP. T here  i s  a l s o  

more p o s i t i v i t y  a s s o c i a t e d  w ith  th e  h ig h  a lp h a  ERP in  

th e  500  t o  800 msec ra n g e ,  a l th o u g h  t h i s  i s  on th e  

o rd e r  o f  o n ly  2 uV and does n o t  a p p e a r  as  an enhance­

ment o f  a component common to  bo th  h ig h  and low a lp h a  

waveforms. From Cz to  Oz t h e r e  i s  d i s c e r n a b le  o n ly  a 

sm a ll  inc rem en t in  p o s i t i v i t y  (2 to  3 uV) f o r  th e  P300 

i n  t h e  h ig h  a lp h a  c o n d i t i o n .  T h is  enhancement seems to  

d im in ish  tow ards  th e  p o s t e r i o r  a r e a .

In  th e  i n t e n s i t y  d e c re a se  c o n d i t i o n ,  th e  e f f e c t  o f  

h ig h  p r e - s t im u lu s  a lp h a  a p p e a rs  a s  an o v e r a l l  d i s p l a c e ­

ment o f  th e  waveform tow ards  p o s i t i v i t y  s ta r t in g *  a s  

e a r ly  a s  150 msec. The enhanced p o s i t i v i t y  i s  maximal
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a t  Cz and Pz w h i le  a l s o  b e in g  v i s i b l e  a t  Fz and Oz. T his  

p roduces  g r e a t e r  am p litu d e  (4 to  6 uV) f o r  th e  slow pos­

i t i v e  wave around 300 to  600  msec in  th e  h igh  a lp h a  con­

d i t i o n .  C o rre sp o n d in g ly ,  th e  am p li tu d e  o f  th e  N200 peak 

w ith  r e s p e c t  to  b a s e l in e  i s  reduced  in  th e  h ig h  a lp h a  

c o n d i t io n .

The grand  mean ERPs a s s o c i a t e d  w ith  h igh  and low 

l e v e l s  o f  p o s t - s t im u lu s  a lp h a  band RMS a re  d e p ic te d  in  

F ig u re  6. These ERPs d i s p l a y  th e  same d i f f e r e n c e  w ith  

d i r e c t i o n  o f  r a r e  s t im u lu s  i n t e n s i t y  change t h a t  i s  

seen  in  th e  p r e - s t im u lu s  a lp h a  RMS s o r t e d  ERPs. Again, 

th e r e  i s  a  c l e a r e r  p re se n c e  o f  th e  N200 component in  

th e  i n t e n s i t y  d e c re a s e  c o n d i t io n  and a l a r g e r  am p litu de  

P300 peak f r o n t a l l y  in  th e  i n t e n s i t y  in c r e a s e  c o n d i t io n .  

In  c o n t r a s t  w ith  th e  p r e - s t im u lu s  a lp h a  s o r t e d  d a ta ,  

t h e r e  a p p ea rs  t o  be no e f f e c t  o f  a lp h a  RMS l e v e l  upon 

th e  waveforms o f  th e  p o s t - s t im u lu s  a lp h a  s o r t e d  ERPs.

P r i n c ip a l  Components. The i n i t i a l  PCAs were to  

d e te rm in e  w he ther  a  common f a c t o r  s t r u c t u r e  m ight be 

i d e n t i f i e d  in  t h e  grand  mean waveforms o f  th e  p r e -  and 

p o s t - s t im u lu s  a lp h a  s o r t e d  d a ta  and which f a c t o r s  might 

p rove  s e n s i t i v e  t o  th e  a lp h a  d e n s i ty  t r e a tm e n t .  The 

r o t a t e d  f a c t o r  lo a d in g s  based  on th e  c o v a r ia n c e  m a tr ix  

from th e  two s e p a r a t e  a n a ly s e s  a r e  d e p ic te d  in  F ig u re s  

7 and 8. I t  i s  e v id e n t  t h a t  o n ly  t h e  f i r s t  two f a c t o r s  

d e r iv e d  from th e  two d a ta  s e t s  can  be matched on th e



G R A N D  M E A N  ERPs A V E R A G E D  BY P O S T - S T I M U L U S
A L P H A  R M S  H I G H  R M S -  L O W  R M S  —
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F ig u re  6 . Grand mean ERPs from th e  p o s t - s t im u lu s  a lp h a  s o r t e d  d a ta .  S o l id  b a rs  
i n d i c a t e  d u r a t io n  o f  th e  100 msec to n e  b u r s t .  V e r t i c a l  h a tc h in g s  a re  
a t  100 msec i n t e r v a l s .  V e r t i c a l  mark a t  t h e  u p p e r  r i g h t  e q u a ls  4 m icro­
v o l t s .  N egative  i s  up. ^



Factor Loadings for P re -S t im ulus  Sorted  D a ta

F ig u re  7 . F i r s t  f o u r  e x t r a c t e d  lo a d in g s  from th e  p r e - s t im u lu s  
a lp h a  s o r te d  ERP s e t .  Large v e r t i c a l  h a tc h in g  i n d i ­
c a t e s  s t im u lu s  o n s e t ,  s m a l le r  h a tc h in g s  a r e  a t  200 
msec i n t e r v a l s .  D otted  l i n e s  a r e  th e  f i r s t  two 
f a c t o r  lo a d in g s  from th e  p o s t - s t im u lu s  d a ta  su p e r ­
imposed ( s e e  F ig u re  8 ) .



Factor Loadings for Pos t-S t imulus  Sorted  D a ta

Figure 8 . F ir s t  fou r  ex tracted  loa d in g s from th e  p o s t-s t im u lu s  
alpha sorted  ERP s e t .  Large v e r t i c a l  hatch in g  in d i­
c a te s  stim u lu s o n se t , sm aller  h a tch in g s are a t  200 
msec in t e r v a ls .  Dotted l in e s  are th e  f i r s t  two 
fa c to r  lo a d in g s from th e  p re -s tim u lu s data super­
imposed ( s e e  F igure 7).
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b a s i s  o f  shape and tem pora l c o n f ig u r a t io n  o f  th e  f a c t o r  

lo a d in g s .  However, a s  can be seen  in  Table  1 ,  t h e s e  two 

f a c t o r s  acco u n t f o r  th e  g r e a t e r  p e rc e n ta g e  o f  v a r ia n c e  

a f t e r  r o t a t i o n  in  bo th  d a ta  s e t s .

F a c to r  1 ( r e f e r  to  F ig u re s  ? and 8 f o r  d i s c u s s io n  

o f  t h i s  and o th e r  f a c t o r  l o a d i n g s ) ,  which has h igh  

p o s i t i v e  lo a d in g s  from 300  msec onwards, would ap p ea r  

to  be a s s o c i a t e d  w ith  th e  l a t e  to n ic  p o s i t i v i t y  in  th e  

o r i g i n a l  waveforms. I t  i s  i n t e r e s t i n g  to  n o te  t h a t  

b r i e f  p h a s ic  peaks c o rre sp o n d in g  to  th e  N100-P200- 

N200 complex a re  a l s o  in c lu d e d  in  t h i s  f a c t o r  lo a d in g .  

By i t s e l f ,  t h i s  f a c t o r  would seem to  accoun t f o r  a l l  

o f  th e  v a r ia n c e  in  th e  ERPs e l i c i t e d  from Fz and Cz in  

th e  d e c rea se d  i n t e n s i t y  c o n d i t i o n s .  One d is c re p a n c y  i s  

t h a t  f a c t o r  1 g iv e s  no i n d i c a t i o n  o f  a r e t u r n  to  b a se ­

l i n e  by th e  end o f  1000 msec. Such a t r e n d  does seem 

e v id e n t  in  th e  grand  mean waveforms. I t  i s  p o s s ib l e  

t h a t  t h i s  f a c t o r  c o n ta in s  th e  r e s o l u t i o n  to  b a s e l in e  

o f  a p re -S 2  CNV. S ince CNV r e s o l u t i o n  would rem ain  

" to n ic "  change u n t i l  t h e  n e x t  CNV, i t s  c o n t r i b u t i o n  

to  any f a c t o r  would ap p ea r  a s  a t o n ic  p o s i t i v e  d i s ­

p lacem ent from b a s e l i n e .

F a c to r  2 e x h ib i t s  a  s t e e p  p o s i t i v e  s lo p e  from 

100 to  300 msec. A f te r  300 msec i t  r e t u r n s  to  b a se ­

l i n e  d u r in g  th e  rem ain ing  700  msec a s  a  n e g a t iv e l y  

a c c e l e r a t e d  c u rv e .  T h is  f a c t o r  would seem to  r e p r e s e n t
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TABLE 1

Percentage o f  V ariance A fter  R otation  fo r  th e  Separate  

P r in c ip ia l Component A nalyses (FCAs)

Pre-Stim ulus RMS Sort 

Factor £

1 (Slow Wave) 54

2 (P300) 23

3 (NUOO) 10

4 (N100) 7

5 (n ot c e r ta in )  4

6 (not c e r ta in )  2

P o s t -S t im u lu s  RMS S o r t  

F a c to r  £

1 (Slow Wave) 55

2 (P300) 32

3 (N400) 5

4 (n o t c e r ta in )  4

5 (n o t c e r ta in )  3

6 (n o t c e r ta in )  2
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th e  c l a s s i c  P300. In  th e  o r i g i n a l  d a ta  i t  a p p e a rs  most 

c l e a r l y  in  th e  waveforms e l i c i t e d  a t  Pz f o r  th e  in c re a s e d  

i n t e n s i t y  c o n d i t i o n s .

F a c to r  3 from th e  p r e - s t im u lu s  a lp h a  s o r t e d  ERP 

s e t  p r e s e n t s  a s i n g l e  wave w ith  a rounded maximum a t  

400 msec. The f a c t o r  s c o re s  f o r  t h i s  component were o f  

n e g a t iv e  p o l a r i t y  a t  Fz and Cz in  th e  in c re a s e d  i n t e n s i t y  

c o n d i t io n .  R e f e r r in g  back to  th e  grand  mean waveforms 

(F ig u re  5)# t h i s  f a c t o r  would c o rre sp o n d  to  th e  n e g a t iv e  

hump a f t e r  t h e  P300 peak a t  Fz and Cz in  th e  in c re a s e d  

i n t e n s i t y ,  h ig h  a lp h a  c o n d i t i o n .  In  t h i s  c a s e ,  what 

m ight o th e rw is e  be re g a rd e d  a s  th e  n e g a t iv e - g o in g  r e t u r n  

s lo p e  o f  th e  P300 in  th e  g rand  mean waveform was a p p a r ­

e n t l y  e x t r a c t e d  by th e  PCA as a s e p a r a te  component. S ince  

t h i s  r e t u r n  s lo p e  i s  o b v io u s ly  a f u n c t io n  o f  th e  am p li tu d e  

o f  th e  P300 peak , th e  "N400" component was n o t  e x t r a c t e d  

from th e  p o s t - s t im u lu s  s o r t e d  d a ta  s e t  which was u n a f f e c te d  

by a lp h a .

F a c to r  4 from th e  p r e - s t im u lu s  a lp h a  s o r t e d  d a ta  

and f a c t o r  3 from th e  p o s t - s t im u lu s  a lp h a  s o r t e d  d a ta  

may be matched w i th  each o th e r  on th e  b a s i s '  o f  t h e i r  

b o th  hav ing  a  l a r g e ,  sh a rp  n e g a t iv e  peak a t  100 msec.

They d i f f e r  i n  t h a t  f a c t o r  4 from th e  p r e - s t im u lu s  s o r t  

i s  a l s o  a s s o c i a t e d  w i th  a  sh a rp  p o s i t i v e  wave a t  300 msec, 

g iv in g  i t  a  b ip h a s ic  a p p e a ra n c e .  F u r th e rm o re ,  p o s t - s t im u lu s  

f a c t o r  3 ' s  N100 i s  much b ro a d e r ,  s t a r t i n g  e a r l i e r  and more
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g ra d u a l  th an  th e  p r e - s t im u lu s  f a c t o r  4 ' s  N100 and r e t u r n ­

in g  to  b a s e l i n e  more s lo w ly .  I t  i s  obvious t h a t  bo th  

th e s e  f a c t o r s  r e p r e s e n t  th e  N100 o f  th e  o r i g i n a l  d a t a ,  

a l th o u g h  i t  i s  n o t  im m edia te ly  a p p a re n t  from th e  grand  

mean waveforms (F ig u re s  5 and 6) why th e  two f a c t o r s  

should  d i f f e r  a s  th e y  do.

F a c to r s  5 and 6 from th e  p r e - s t im u lu s  a lp h a  s o r te d  

d a ta  and f a c t o r s  and 6 from th e  p o s t - s t im u lu s  a lp h a  

s o r te d  d a ta  d i s p la y  s m a l le r  lo a d in g s  and a r e  n o t  e a s i l y  

d i s c e r n a b le  in  th e  g rand  mean ERPs. These f a c t o r s  w i l l  

n o t  be c o n s id e re d  in  th e  fo l lo w in g  a n a ly s e s .

ANOVAs f o r  th e  F a c to r  S co res  from P re -  and P o s t -  

S tim u lus  Aloha S o r te d  D a ta . The f a c t o r  s c o r e ,  o r  w e ig h t­

in g  c o e f f i c i e n t ,  o f  a component f o r  any g iv en  e l e c t r o d e  

and s t im u lu s  c o n d i t io n  co m bin a tion  r e p r e s e n t s  th e  con­

t r i b u t i o n  o f  t h a t  component to  th e  ERP waveform in  t h a t  

p a r t i c u l a r  d a ta  c a se  (G la s e r  and Ruchkin, 1 9 ?6 ).  As such , 

f a c t o r  s c o r e s  can be su b m itte d  to  an a n a l y s i s  o f  v a r i a n c e  

as  dependent v a r i a b l e s  in  a m u l t i f a c t o r  e x p e r im e n ta l  

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

th e  fo l lo w in g  t e s t s  was s e t  a t  a  l e v e l  o f  .0 5 .  S in ce  th e  

p re se n c e  o f  an i n t e r a c t i o n  i n d i c a t e s  t h a t  c o n c lu s io n s  

based  on main e f f e c t s  w i l l  n o t  f u l l y  d e s c r ib e  th e  d a ta  

(K eppel, 1 9 73 ) .  f o r  th e  a n a ly s e s  below th e  main e f f e c t s  

o f  v a r i a b l e s  p a r t i c i p a t i n g  in  s i g n i f i c a n t  i n t e r a c t i o n s  

a r e  n o t  d i s c u s s e d .
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Appendix C p r e s e n t s  th e  r e s u l t s  o f  th e  ANOVA on th e  

f a c t o r  s c o re s  f o r  component 1 ("Slow Wave") from th e  

p r e - s t im u lu s  a lp h a  d a ta  s e t .  N e i th e r  th e  main e f f e c t s  

o f s t im u lu s  i n t e n s i t y ,  a lp h a ,  e l e c t r o d e  o r  any o f  t h e i r  

i n t e r a c t i o n s  reach ed  s i g n i f i c a n c e .  The ANOVA on th e  f a c t o r  

s c o re s  f o r  th e  Slow Wave component in  th e  p o s t - s t im u lu s  

a lp h a  s o r t e d  d a ta  (Appendix D) r e v e a l s  t h a t  th e  main 

e f f e c t  o f  s t im u lu s  i n t e n s i t y  d id  r e a c h  s i g n i f i c a n c e ,  

F ( l , 1 0 ) = 6 . 5 8 ,  p <  .0 3 .  P l o t s  o f  th e  Slow Wave f a c t o r  

s c o re s  from b o th  d a ta  s e t s  a r e  p re s e n te d  in  F ig u re  9*

I t  i s  c l e a r  t h a t  th e  Slow Wave component i s  l a r g e r  f o r  

decreased  s t im u lu s  i n t e n s i t y  a t  a l l  e l e c t r o d e  s i t e s  in  

th e  p o s t - s t im u lu s  a lp h a  s o r t e d  d a ta .  In  th e  p r e - s t im u lu s  

s o r t  t h e r e  does seem to  be a  ten dency  f o r  th e  d e c rea se d  

i n t e n s i t y ,  h ig h  a lp h a  Slow Wave f a c t o r  s c o re s  to  be 

more p o s i t i v e  th an  th e  r e s t .  A lthough th e  s t im u lu s  i n ­

t e n s i t y  x a lp h a  i n t e r a c t i o n  d id  n o t  r e a c h  s i g n i f i c a n c e , 

i t s  F v a lu e  (2 .2 5 )  was th e  l a r g e s t  o b ta in e d  in  th e  ANOVA 

f o r  th e  p r e - s t im u lu s  a lp h a  s o r t e d  Slow Wave f a c t o r  s c o re s .

The r e s u l t s  o f  th e  ANOVA on the fa c to r  sc o re s  fo r  

component 2 ("P300") in  th e  p re -stim u lu s so r t  (Appendix 

E) rev ea l a s ig n if ic a n t  in te r a c t io n  o f  stim u lu s in t e n s i t y  

and e le c tr o d e  lo c a t io n , F (3 » 3 0 )= 4 .6 1 ,  p <  . 0 1 , and a 

s ig n if ic a n t  main e f f e c t  o f  a lp h a , F ( l ,1 0 )  =  5*^6, P <

.0 5 . The .ANOVA on t h i s  same- component' s  fa c to r  sc o re s  

fo r  the post-s tim ulus sort (Appendix F) shows again a
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Figure 9 . Slow Wave fa c to r  sc o r e s  fo r  p re- and p o s t-  
stim u lu s alpha sorted  ERP s e t s .
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O-------*0 High Alpha and Decreased I n te n s ity
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s i g n i f i c a n t  i n t e r a c t i o n  o f  s t im u lu s  i n t e n s i t y  and 

e le c t r o d e  s i t e ,  F ( 3 .3 0 ;  =  3*2, p < . 0 5 .  The main 

e f f e c t  o f  a lp h a  does n o t  r e a c h  s i g n i f i c a n c e  no r  

does a lp h a  d e n s i ty  i n t e r a c t  w i th  any o t h e r  f a c t o r .  

R e fe r r in g  t o  th e  p r e -  and p o s t - s t im u lu s  f a c t o r  s c o re  

p l o t s  in  F ig u re  10 , i t  can he seen  t h a t  th e  P300 

component i s  l a r g e r  w i th  in c re a s e d  s t im u lu s  i n t e n ­

s i t y  f o r  b o th  d a ta  s e t s .  The so u rc e  o f  th e  s t im u lu s  

i n t e n s i t y  and e l e c t r o d e  i n t e r a c t i o n  i s  b e s t  seen  in  

t h e  p o s t - s t im u lu s  p l o t .  The P300 component t o  in c re a s e d  

i n t e n s i t y  s t im u la t i o n  d i s p l a y s  maximal a m p li tu d e s  a t  

Cz and Pz w h ile  f o r  d e c re a se d  i n t e n s i t y  s t i m u l a t i o n  

th e  maxima a r e  more p o s t e r i o r  a t  Pz and Oz. The 

s t r i k i n g  d i f f e r e n c e  between th e  p r e -  and p o s t - s t im u lu s  

P300 f a c t o r  sc o re  p l o t s  l i e s  i n  th e  d e f i n i t e  s e p a r a t io n  

o f  h igh  and low a lp h a  c o n d i t i o n s  a t  b o th  i n t e n s i t y  l e v e l s  

in  th e  p r e - s t im u lu s  RMS s o r t e d  d a ta .  T h is  s e p a r a t io n  

by a lp h a  d e n s i ty  i s  a b s e n t  i n  t h e  p o s t - s t im u lu s  p l o t .

The l a c k  o f  any i n t e r a c t i o n  a lo n g  w i th  th e  p re s e n c e  o f  

a  s i g n i f i c a n t  main e f f e c t  f o r  a  g iv en  v a r i a b l e  a r e  

i n d i c a t i v e  o f  t h a t  f a c t o r ' s  a d d i t i v i t y  w ith  s i l l  o t h e r  

f a c t o r s  i n  t h e  d e s ig n .  Again r e f e r r i n g  to  F ig u re  10 , 

th e  P300 com ponen t 's  a m p li tu d e  i n c r e a s e  due t o  h ig h  

p r e - s t im u lu s  a lp h a  d e n s i ty  i s  t h e  same f o r  b o th  ty p e s  

o f  s t im u lu s  change a t  e l e c t r o d e s  Cz and Pz. The e f f e c t  

o f  a lp h a  d e n s i ty  a t  Pz seem l i m i t e d  t o  t h e  in c r e a s e d
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F ig u re  10. P300 f a c t o r  s c o r e s  f o r  p r e -  and p o s t -  
s t im u lu s  a lp h a  s o r t e d  ERP s e t s .
9  1 - #  High Alpha and In c re a s e d  I n t e n s i t y
▼-------T  Low Alpha and In c re a s e d  I n t e n s i t y
O -------O High Alpha and D ecreased  I n t e n s i t y
V  Low Alpha and D ecreased  I n t e n s i t y
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i n t e n s i t y  c o n d i t io n  w h ile  a t  Oz i t  seems l im i t e d  t o  th e  

d e c rea se d  i n t e n s i t y  c o n d i t i o n .  However, t h e  i n t e r a c t i o n  

o f  a lp h a  and i n t e n s i t y  and e l e c t r o d e  f o r  th e  p re ­

s t im u lu s  d a ta  d id  n o t  r e a c h  s i g n i f i c a n c e ,  P (3 ,3 0 )  =  1 .4 ? ,  

P < . 2 5 .

As mentioned above, an N400 component was ex tra cted  

o n ly  from th e  p re -stim u lu s alpha so rted  d a ta . The ANOVA 

fo r  i t s  fa c to r  sco res  (Appendix G) p resen ts  w ith  s i g n i f ­

ic a n t  in te r a c t io n s  o f  stim u lu s in t e n s i t y  and e le c tr o d e ,  

F (3 .3 0 ) =  4 .1 8 ,  p < . 0 2 ,  and alpha d e n s ity  and e le c tr o d e ,  

F(3*30) =  3 -3 5 . P < . 0 4 .  Figure 11 shows th a t th e  source  

o f  th e  in t e n s i t y  and e le c tr o d e  in te r a c t io n  i s  th a t t h i s  

com ponent's fa c to r  sc o re s  are p o s i t iv e  o v e r a ll  fo r  th e  

decreased  in t e n s i t y  c o n d itio n  w h ile  fo r  in creased  in ­

t e n s i t y  th ey  are p o s i t iv e  p a r ie t o - o c c ip i t a l ly  but are  

n e g a tiv e  fr o n to -c e n tr a lly .  W ithin both in t e n s i t y  con­

d i t io n s ,  a lthough markedly fo r  in creased  in t e n s i t y ,  

fa c to r  sc o r e s  fo r  th e  h igh  alpha c o n d itio n  are r e la ­

t i v e l y  more n e g a tiv e  them th ose  fo r  th e  low alpha con­

d it io n  a t Fz and Cz. T his would be the source o f  th e  

alpha d e n s ity  and e le c tr o d e  in te r a c t io n .

The ANOVAs fo r  th e  N100 fa c to r  sc o re s  o f  both data  

s e t s  (component 4 in  th e  p re -stim u lu s so r t  and component 

3 in  th e  p o s t-s t im u lu s  s o r t )  rev ea led  s ig n if ic a n t  main 

e f f e c t s  o f  e le c tr o d e  lo c a t io n . The s p e c i f io  F -r a t io s  

fo r  th e se  measures are reproduced in  Appendices H and I .
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F igure 11. N400 fa c to r  sc o re s  fo r  th e  pre-
stim u lu s alpha so rted  ERP d ata .

High Alpha and In c re a s e d  
I n t e n s i t y
Low Alpha and In c re a s e d  
I n t e n s i t y

O - — O  High Alpha and D ecreased  
I n t e n s i t y

V V  Low Alpha and D ecreased
I n te n s ity
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The N100 component in  both ERP s e t s  d isp layed  a l in e a r  

in c re a se  in  am plitude from p o s te r io r  to  a n te r io r  e le c ­

trod e  s i t e s .  No o th er  main e f f e c t  or in te r a c t io n  reached  

s ig n if ic a n c e .

ANOVA on F actor Scores from Combined Data. The 

r e s u l t s  o f  th e  i n i t i a l  PCAs dem onstrated th e  s im ila r i ty  

o f  th e  f i r s t  two ex tra cted  components from both s e t s  o f  

ERPs so r ted  on th e  b a s is  o f  d i f f e r e n t  alpha RMS measure­

ment epochs. I t  was ev id en t th a t th e  second component 

o f  th e  p re -stim u lu s RMS sorted  ERP s e t  was s e n s i t iv e  to  

alpha d e n s ity . However, th e  p lo t s  o f  t h i s  com ponent's 

fa c to r  sc o r e s  could  not be used to  a s s e s s  d if fe r e n c e s  

due to  a lph a RMS measurement epoch because th e se  measures 

were sc a le d  r e la t iv e  to  th e  grand mean fo r  each ERP 

su b se t . In order to  ev a lu a te  th e  e f f e c t s  o f  alpha  

measurement epoch on t h i s  component, PCA was performed 

on ERPs pooled  a cro ss  th e  e n t ir e  data s e t .

The second ex tra cted  fa c to r  from the pooled  data  

e x h ib ited  th e  same shape and tem poral c o n fig u r a tio n  as 

did  th e  second fa c to r  (P300 component) th a t  was ex tra cted  

se p a r a te ly  from both o f  th e  alpha measurement epoch data  

s e t s .  I t  was decided  on th e  b a s is  o f  th e  r e l a t iv e l y  

g r e a te r  independence o f  stim u lu s in t e n s i t y  and alpha  

d e n s ity  e f f e c t s  a t  Cz and Pz ( l e f t  p a n e l. F igu re 1 0 ) ,  

to  u t i l i z e  on ly  th e se  two e le c tr o d e s  in  th e  fo llo w in g  

2 x 2 x 2 x 2 (e le c tr o d e  x alpha measurement epoch x 

alpha d e n s ity  x stim u lu s in t e n s i t y )  ANOVA.
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The ANOVA on th e  f a c t o r  s c o re s  o f  th e  e x t r a c t e d  

P300 component from th e  e n t i r e  d a ta  s e t  (Appendix J )  

p r e s e n t s  w i th  s i g n i f i c a n t  main e f f e c t s  o f  s t im u lu s  

i n t e n s i t y ,  F ( l , 1 0 )  — 2 4 .8 7 ,  p <  .001 , and e l e c t r o d e ,  

F ( l , 1 0 )  =  9* P ^  *02, and a  s i g n i f i c a n t  i n t e r a c t i o n  o f 

a lp h a  d e n s i ty  and a lp h a  measurement epoch, F ( l , 1 0 )  =  

6 .1 8 ,  p <  .0 4 .  As can be seen  from th e  p l o t  o f  th e s e  

P300 f a c t o r  s c o r e s  (F ig u re  1 2 ) ,  b o th  th e  h ig h  and low 

a lp h a  c o n d i t io n  f a c t o r  s c o re  a m p li tu d e s  o f  th e  p o s t ­

s t im u lu s  measurement c o n d i t io n  a t  Cz and Pz l i e  midway 

between th e  a m p li tu d e s  o f  th e  p r e - s t im u lu s  measurement 

c o n d i t i o n .  T h is  i n t e r a c t i o n  co n firm s  t h a t  a lp h a  d e n s i ty  

p o s t - s t im u lu s  has no e f f e c t  upon th e  a m p li tu d e  o f  th e  

P300 component w h ile  a lp h a  d e n s i t y  p r e - s t im u lu s  do es .

ANOVA on B a s e l in e - to -P e a k  M easurem ents. The ANOVA 

on th e  f a c t o r  s c o re s  from th e  combined d a ta  s e t  demon­

s t r a t e d  t h a t  th e  a lp h a  d e n s i ty  f a c t o r  i n t e r a c t e d  w ith  

RMS measurement epoch b u t  n o t  w i th  d i r e c t i o n  o f  i n t e n ­

s i t y  change . To r e i n f o r c e  t h e s e  f i n d i n g s ,  i t  was de­

c id e d  t o  perfo rm  th e  same a n a l y s i s  u s in g  a  b a s e l i n e -  

to -p e a k  measurement o f  th e  P300 component. On th e  b a s i s  

o f  th e  tem p o ra l  c o n f i g u r a t i o n  o f  th e  second e x t r a c t e d  

component from th e  above FCAs, th e  P300 in  each s u b j e c t ' s  

e l e c t r o d e  and e x p e r im e n ta l  c o n d i t i o n  co m b in a tio n  was 

d e f in e d  a s  th e  most p o s i t i v e  peak  between 250 and 500  

msec. B a s e l in e - to - p e a k  a m p li tu d e s  o f  t h e s e  components 

were su b m itte d  t o a 2 x 2 x 2 x 4  (measurement epoch x
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F igure 12 . P300 fa c to r  sc o re s  fo r  th e  combined 
p re - and p o s t-s t im u lu s  alpha sorted  
ERP data s e t ,  c o lla p se d  a cro ss in t e n s i t y .

P re-stim u lu s sorted  High Alpha 
P re-stim u lu s so r ted  Low Alpha 

- - 0  P o st-stim u lu s so r ted  High Alpha 
—V  P o st-stim u lu s so r ted  Low Alpha
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alpha d e n s ity  x in t e n s i t y  change x e le c tr o d e )  ANOVA.

The r e s u l t s  o f  th e  ANOVA on th e  b a se lin e -to -p e a k  

P300 (Appendix K) in clu ded  a s ig n if ic a n t  main e f f e c t  o f  

e le c tr o d e , F (3#30) = 1 8 .9 1 ,  p <  .0 1 , and a s ig n i f ic a n t  

in te r a c t io n  o f  alpha d e n s ity  .and alpha measurement epoch, 

F ( l ,1 0 )  = ? .3 1 »  P <  .0 3 . I n te r e s t in g ly ,  th e  fa c to r  o f  

stim u lu s in t e n s i t y  o n ly  approached s ig n if ic a n c e ,  F ( l ,1 0 ) =  

3 . 7 7 ,  P <  .1 0 . F igure 13 shows th a t  th e  b a se lin e -to -p e a k  

P300 i s  maximal a t  Cs and Pz and i s  enhanced by pre­

stim u lu s a lp h a . The p o s t-s t im u lu s  so rted  P300 am plitudes  

no lon ger  l i e  between the h igh  and low alpha l e v e l s  o f  

th e  p r e -s tim u lu s  d a ta , a s  th ey  d id  in  th e  fa c to r  score  

p lo t  (F igu re 1 2 ) ,  but are now o f  the same magnitude as  

th e  p re -s tim u lu s low alpha P300. S p e c i f ic a l ly ,  th e  p o s t­

stim u lu s data  no lo n g er  c o n s t i tu t e  a p e r fe c t  " d ilu tio n "  

o f  th e  a lp h a  d e n s ity  e f f e c t .  They are now eq u iv a len t to  

th e  low p re -stim u lu s alpha trea tm en t.

The above a n a ly ses  e s ta b l i s h  th a t  p re -stim u lu s alpha  

a c t i v i t y  can a f f e c t  th e  P300. When co n sid er in g  th e  grand 

mean waveform s, e s p e c ia l ly  th o se  fo r  th e  in t e n s i t y  de­

c re a se  c o n d it io n  (F igu re 5» r ig h t  p a n e l) . I t  a ls o  seems 

th a t  th e  enhanced p o s i t i v i t y  a s s o c ia te d  w ith  h igh  pre­

stim u lu s alpha may b eg in  to  appear e a r l ie r  than 300  msec. 

To t e s t  fo r  th e  e f f e c t  o f  a lpha on p o s i t iv e  components 

e a r l ie r  than th e  P300, we measured th e  most p o s i t iv e  

peak between 100 to  250 msec p o s t-s t im u lu s  (P150) in  a l l
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F igu re 13 . B a se lin e -to -p ea k  P300 am plitudes fo r  
th e  combined p re- and p o st-s t im u lu s  
alpha sorted  ERP data s e t .
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o f  th e  waveforms from Study 2 . These b a se lin e -to -p e a k  

am plitudes were then  subm itted t o a 2 x 2 x 2 x 4  (RMS 

measurement epoch x alpha d e n s ity  x in t e n s i t y  change x 

e le c tr o d e )  ANOVA. The r e s u l t s  o f  th e  ANOVA are presen ted  

in  Appendix L. The main e f f e c t  o f  in t e n s i t y  change,

F ( l ,1 0 )  =  5 -6 1 , p <  .0 5 , and o f  e le c tr o d e  lo c a t io n ,

F (3 .3 0 )  =  9*35. p <  .0 1 , were s ig n i f i c a n t .  P lo ts  o f  

P150 am plitudes are d isp la y ed  in  P igu re 1**. The P150 i s  

la r g e r  w ith  in creased  stim u lu s in t e n s i t y  and has a c e n tr o -  

p a r ie ta l  maximum. There does seem to  be se p a r a tio n  between 

high  and low alpha l e v e l s  fo r  the p re -stim u lu s RMS so r ted  

data th a t  i s  not found in  th e  p o s t-s t im u lu s  s o r t .  The 

P150 i s  la r g e r  w ith  low p re -stim u lu s alpha in  th e  in ­

creased  in t e n s i t y  c o n d itio n  but i s  la r g e r  w ith  h igh pre­

stim u lu s alpha in  th e  decreased  in t e n s i t y  o o n d it io n . The 

on ly  in d ic a t io n  o f  t h i s  in  th e  ANOVA on P150 am plitudes  

i s  th a t th e  in te r a c t io n  o f  stim u lu s in t e n s i t y  and alpha  

d e n s ity  approached s ig n if ic a n c e ,  F ( l ,1 0 ) = 3 . 6 2 ,  p <  .1 0 .

Study 2 prov id es ev id en ce th a t  th e  p o s i t iv e  r e la t io n ­

sh ip  between p re -stim u lu s alpha abundance and P300 amp­

l i t u d e  i s  independent o f  stim u lu s in t e n s i t y .  T h is in d i­

c a te s  th a t  a lpha a f f e c t s  th e  endogenous or p sy c h o lo g ic a l  

p r o c esse s  r e sp o n s ib le  fo r  th e  P300, ra th er  than th e  

exogenous or stim u lu s d r iven  p r o c esses  which can a ls o  

c o n tr ib u te  to  t h i s  component (R oth, D oyle, Pfefferbaum  

and K op ell, 1 9 8 0 ). Both th e  fa c to r  sc o re s  and b a s e l in e -
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to -p eak  am plitudes fo r  th e  P300 component are in creased  

by th e  presence o f  p re -stim u lu s a lp h a . In t h i s  regard  

th ere  i s  convergence o f  th e  two typ es o f  m easures. 

However, th e  b a se lin e -to -p e a k  measure (F igure 13) does 

not show th e  " d ilu tio n "  produced by th e  p o s t-s t im u lu s  

alpha so r t  (F igu re 1 2 ) . T h is i s  th e  production  o f  a 

m iddle-ranged am plitude P300 by th e  random s e le c t io n  

o f  p re -stim u lu s alpha d e n s i t ie s  when so r t in g  by alpha  

d e n s ity  th a t  occurs p o s t-s t im u lu s . Thus i t  appears th a t  

th e  ex tra c ted  fa c to r  sc o r e s  are a more exact measure o f  

P300 w ith  regard to  th e  alpha e f f e c t .  I t  i s  p o s s ib le  

th a t th e  b a s e lin e -to -p e a k  measure was overlapped w ith  

some o th er  component. I t  cannot be a sc er ta in e d  whether 

th e  asymmetry between p re - and p o st-s t im u lu s  s o r t s  in  

Figure 13 i s  due to  red u ctio n  o f  th e  p o s t-s t im u lu s  amp­

l i t u d e s  or e le v a t io n  o f  th e  low alpha p re -stim u lu s amp­

l i t u d e s .

Even more s t r ik in g  i s  th e  disagreem ent between th e  

form al a n a ly ses  o f  th e  fa c to r  sco re  and b a se lin e -to -p e a k  

measurements o f  P300 and th e  appearance o f  th e  grand 

mean waveforms. The grand mean waveforms su g g est th a t  

th ere  i s  a  d if fe r e n c e  in  th e  topography o f  th e  pre­

stim u lu s alpha e f f e c t  a s  a fu n c tio n  o f  stim u lu s in t e n s i t y  

(F igu re 5)* P re-stim u lu s a lpha appears to  enhance th e  

P300 o f  th e  in creased  in t e n s i t y  ERP p r im arily  a t  th e  

f r o n ta l  e le c tr o d e . The e f f e o t  o f  a lpha on th e  P300 in
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th e decreased  in t e n s i t y  c o n d itio n  seems to  occur more 

a t  the c e n tr o -p a r ie ta l  e le c tr o d e s . However, the ANOVAs 

fo r  th e  P300 fa c to r  sco re  and b a se lin e -to -p e a k  measures 

did not r e v e a l a s ig n if ic a n t  in te r a c t io n  between alpha  

d e n s ity , in t e n s i t y  change and e le c tr o d e  lo c a t io n . The 

am plitude o f  th e  P150 seemed to  show an in te r a c t io n  o f  

alpha d e n s ity  and stim u lu s change (F igure 1 4 , l e f t  

p a n e l) . T h is would support th e  view  th a t ERP resp on ses  

to  th e  two ty p e s  o f  stim u lu s change sure d i s t in c t  and so 

are th e  e f f e c t s  o f  a lpha upon them, but again  the in t e r ­

a c tio n  term d id  not reach  form al s ig n if ic a n c e .  At t h i s  

p o in t , th e  a n a ly se s  do not support any d if fe r e n c e  in  th e  

p re -stim u lu s alpha e f f e c t  a s a fu n c tio n  o f  stim u lu s in ­

t e n s i t y  or th a t  th ere  i s  any o th er  a lp h a -s e n s it iv e  com­

ponent b e s id e s  th e  c e n tr o -p a r ie ta l  P300.

Study 2 f a i l e d  to  f in d  a r e la t io n s h ip  between P300 

and th e  amount o f  alpha a c t i v i t y  th a t  occurs im m ediately  

a f t e r  a s t im u lu s . T his might su g g est th a t th e  enhance­

ment o f  th e  P300 by p r e -s tim u lu s  alpha has l i t t l e  bearing  

upon th e  e f f e c t iv e n e s s  o f  alpha b lock in g  or su p p ression . 

However, a s in d ic a ted  in  Table 2 , th e  h igh  alpha l e v e l s  

measured p o s t-s t im u lu s  did  not approach th o se  found pre­

st im u lu s. T h is a t t e s t s  to  th e  fa c t  th a t alpha was e f f e c t ­

iv e ly  blocked by most o f  th e  rare  stim u lu s p r e se n ta tio n s .  

F a ilu r e  o f  alpha su p p ression  on any rare  stim u lu s t r i a l  

may never have a c tu a l ly  occurred . A lte r n a t iv e ly , i t



TABLE 2

Group Mean P300 Amplitudes (uV B a se lin e-to -P ea k )  

and Group Mean Alpha RMS (uV measured a t Pz)

I n te n s ity  In crease

STUDY 1

E le c tro d e  

Alpha RMS

P300i 

Alpha *

Cz

High Low 

26 15

STUDY 2

P re-Stim ulus Alpha

P300* 

Alphat 

P ost-S tim u lu s Alpha 

P300i 

Alpha 1

23

20

19

18

Pz

High Low 

28  16

55

22

40

21

18

21

20

13

18

10

In te n s ity  D ecrease  

Cz

High Low

21 15

16 15

Pz

High Low

23

35

18

19

16

13

16

10

£
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cou ld  be th a t  th e  du ration  o f  P300 a m p litu d e-re la ted  

alpha su p p ression  may n ot o u t la s t  th e  P300 i t s e l f ,  i . e .  

i t  might be over by 500  msec and th u s would not have 

been measured in  our d e s ig n . To sum up th e  above, th e  

n u ll  h y p o th e s is  can never be proven. We cannot s t a t e  

th a t alpha b lock in g  i s  u n re la ted  t o  th e  P300, but sim ply  

th a t our experim ent f a i l e d  to  d e te c t  such a r e la t io n s h ip .
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GENERAL DISCUSSION

A p o s i t iv e  r e la t io n s h ip  between P300 and th e  alpha  

rhythm might a t  f i r s t  seem c o n tr a - in tu it iv e .  The P300 

i s  regarded as an in d ic a to r  o f  an engaged p ro cess in g  

s t a t e  w h ile  alpha has been con sid ered  th e  hallm ark o f  

m ental q u iescen ce  (Brown, 19 7 0 ). One h yp oth esis  th a t  

cou ld  r e c o n c ile  t h i s  apparent dichotom y i s  th a t th e  en­

hancement o f  th e  P300 by p re -stim u lu s alpha a c t iv i t y  

r ep re sen ts  a rebound phenomenon. The p sy ch o lo g ic a l s t a t e s  

u s u a lly  a s so c ia te d  w ith  alpha and P300 are c e r ta in ly  

m utually  e x c lu s iv e ,  but th e  on set o f one could  be more 

pronounced i f  preceded by predominance o f  th e  o th er .

T his h y p o th esis  i s  c o n s is te n t  w ith  a recen t th eory  o f  

ad ap tive  system s as proposed by Grossberg (1 9 8 4 ). In h is  

monograph, G rossberg attem p ts to  account fo r  a wide range 

o f  p sy c h o lo g ic a l phenomena by means o f  a n ta g o n is t ic  r e ­

bound w ith in  gated  d ip o le s .  A gated  d ip o le  i s  composed 

o f  two m utually  a n ta g o n is t ic  system s. When one system  

i s  ascendant th e  o th er  i s  in h ib ite d . I f  n o n -s p e c if ic  

input i s  d e liv e r e d  sim u ltan eou sly  to  both sy stem s, or 

i f  th e  ascendant system  i s  turned o f f ,  th e  p r e v io u s ly  

in h ib ite d  system  becomes a c t iv e  to  a p o in t beyond which 

i t  would have been i f  i t  had sim ply r ec e iv ed  input in  th e  

absence o f  in h ib it io n  from i t ' s  a n ta g o n is t ic  partn er.

T his i s  a n ta g o n is t ic  rebound. A d is tr ib u te d  gated  d ip o le
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can be con ceived  as op eratin g  throughout th e  brain  in  

th e  r e g u la tio n  o f  c o r t ic a l  tone and a c t iv a t io n . One 

member o f  t h i s  gated d ip o le  could  be th e  m esencephalic  

r e t ic u la r  form ation , th e  output o f  which r e s u l t s  in  EEC 

d esyn ch ron iza tion  and b eh av iora l a c t iv a t io n  (Moruzzi and 

Magoun, 19^9)• The o ther member o f  th e  d ip o le  could  then  

be th e  th a la m o -co r tica l alpha g en era tin g  system  as d es­

c r ib ed  by Andersen and Andersson (1 9 6 8 ). Ascendancy o f  

t h i s  system  would r e s u lt  in  c o r t i c a l  rh y th m ic ity  and 

beh aviora l q u iescen ce . C om petition between th e  two system s  

would occur su b c o r tic s illy  w h ile  output from one or th e  

o th er  produced widespread c o r t ic a l  e le c tr o p h y s io lo g ic a l  

e f f e c t s .  I f  i t  i s  assumed th a t  output from th e  mesen­

c e p h a lic  r e t ic u la r  system  r e s u l t s  in  a c o r t ic a l  P300, 

then  i t  would be p red icted  th a t  th e  presence o f  pre­

stim u lu s alpha w i l l  be a sso c ia te d  w ith  an enhanced P300 

by way o f  su its^ o n is tic  rebound in  the r e t ic u la r  system  

as part o f  a m esencephalic reticu lsu*/thsU .suno-cortical 

d ip o le .

The alpha rhythm remains one o f  th e  unexplained  

phenomena o f  th e  human EEC. The most d e f in i t iv e  attem pt 

to  account fo r  i t  to  date i s  th e  th eory  proposed by Ander­

sen and Andersson (1 9 6 8 ). They su ggested  a f a c u l t a t iv e  

pacemaker fo r  th e  o r ig in  o f  th e  alpha rhythm. Rhythmic 

a c t i v i t y  i s  assumed to  be an in h eren t property  o f  groups 

o f  c e l l s  in  a l l  thalam ic n u c le i .  C onnections between
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th e se  n u c le i  determ ine th e  degree o f  synchrony o f rhy­

thmic a c t i v i t y  in  th e  thalam us. Synchronous thalam ic  

a c t i v i t y  i s  in  turn p ro jec ted  on to  th e  c o r te x . Of 

c r u c ia l  im portance fo r  th e  appearance o f  alpha a c t iv i t y  

in  both s tr u c tu r e s  i s  th e  in tra th a la m ic  spread o f  rhy­

thmic a c t i v i t y  from one thalam ic n u cleu s to  o th e r s .  

Andersen and Andersson p o stu la ted  th a t a type o f  in t e r ­

neuron or n u cleu s e x is te d  which could  a c t  as a d i s t r ib ­

u to r  o f  in tra th a lam ic  synchrony. A p o s s ib le  candidate  

fo r  such a r o le  i s  th e  n u cleu s r e t i c u la r i s  o f  th e  th a l­

amus. The n u cleu s r e t i c u la r i s  i s  a th in  sh ee t o f  c e l l s  

surrounding th e  thalam us. I t  r e c e iv e s  in p u ts from and 

sends e f f e r e n t s  to  s p e c i f ic  and n o n -s p e c if ic  thalam ic  

n u c le i .  S ch e ib e l and S ch e ib e l (1 9 6 6 ) ,  in  p o in tin g  out 

t h i s  arrangem ent, su ggested  th a t  th e  n u cleu s r e t i c u la r i s  

would be w e ll  su ite d  to  a s s i s t  in  syn ch ron izin g  thalam ic  

d isch a rg e s . P h y s io lo g ic a l  s tu d ie s  have shown th a t th e  

n u cleu s r e t i c u la r i s  e x e r ts  an in h ib ito r y  e f f e c t  on 

thalam ic neurons (Sch lag  and Wazakt 1970, 1971)* In t h i s  

way i t  cou ld  a c t  a s a thalam ic pacemaker by syn ch ron izing  

th e  e x c ita to r y  period  o f  thalam ic c e l l  groups through the  

widespread im p o sitio n  o f  in h ib ito r y  p er io d s.

Y in g lin g  and Skinner (1977) found th a t  th e  f i r in g  

o f  neurons in  th e  n u cleu s r e t i c u la r i s  was suppressed by 

e le c t r ic a l  s t im u la tio n  o f  th e  m esencephalic r e t ic u la r  

form ation (MRF). These in v e s t ig a to r s  proposed th a t  th e
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g en era l f a c i l i t a t i o n  o f  thalam ic tra n sm iss io n  by MRF 

s t im u la tio n  (Desmedt, i 9 6 0 ) i s  th e  r e s u l t  o f  d i s in h i -  

b it io n  o f  thalam ic n u c le i  fo llo w in g  su p p ression  o f  th e  

in h ib ito r y  in f lu e n c e  o f  th e  n u cleu s r e t i c u la r i s .  I f  the  

P300 i s  sim ultaneous w ith  MRP a c t i v i t y  and/or th e  f a c i l ­

i t a t io n  o f  thalam ic tra n sm iss io n , a la r g e r  P300 a f t e r  

alpha a c t i v i t y  could  be con sid ered  a form o f  thalam ic  

rebound. Alpha rhythm would in d ic a te  th e  preponderance 

o f  th e  in h ib ito r y  a c t i v i t y  o f  th e  n u cleu s r e t i c u la r i s  

in  th e  thalam us. MRP in h ib it io n  o f  th e  n u cleu s r e t i c ­

u l a r i s ,  a long  w ith  d ir e c t  MRP e x c ita t io n  o f  th e  thalam us 

(Purpura, 1 9 6 6 ), during alpha would produce a pronounced 

e x c ita to r y  rebound in  thalam ic n u c le i  th a t  would appear 

c o r t i c a l ly  a s a la r g e r  P300. However, t h i s  i s  not an 

a n ta g o n is t ic  d ip o le  in  G rossb erg 's (1984) se n se . The 

in h ib ito r y  in f lu e n c e  i s  cascaded from MRP to  n u cleu s  

r e t i c u la r i s  to  thalam us. There i s  no m utually  in h ib ito r y  

p a ir , no rebounding o f  alpha fo llo w in g  a period  o f  MRP 

a c t iv a t io n . According to  Andersen and A ndersson's (1968)  

m odel, th e  alpha rhythm would a r is e  g ra d u a lly  a s  more 

and more thalam ic neurons are phased in to  synchrony by 

some d is tr ib u te d  in h ib ito r y  a c t i v i t y .  Indeed, t h i s  i s  

how alpha sp in d le s  appear to  a r is e  in  sc a lp  r ec o rd in g s . 

The sudden r e le a s e  o f  thalam ic neurons from r e t i c u la r i s  

in h ib it io n  would produce a more ph asic  e l e c t r i c a l  s ig n  

such as th e  P300 component o f  th e  ERP.
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Appendix A
Study 1* ANOVA on B a se lin e - to-Peak P300 Measure

Siun o f Mean
S.9WT9f Sauares Sauares F _E_

Alpha 858 1 858 4 6 .7 .0 0 0 5
Error 110 6 18
E lectrod e 34 1 34 1 .5 .2676
Error 137 6 22
Alpha x
E lectrod e 3 1 3 0 .7 .4309
Error 24 6 4

C e ll  Means (uV) S tandard  D e v ia tio n
High Alpha-Cz 26 11
High A lpha-Pz 28 9

Low Alpha-Cz 15 10
Low A lpha-Pz 16 7
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Appendix B
Study 1» ANOVA on B a se lin e -to -P eak N100 Measure

Sum o f Mean
Source Sauares d f Sauares F _E_

Alpha 34 1 34 3 .4 .1144
Error 60 6 10
E lectrod e 93 1 93 13-3 . 010?
Error 42 6 7
Alpha x
E lectrod e 10 1 10 1 .5 .2621
Error 40 6 7

C e ll Means (vV) Standard D eviation
High Alpha-Cz - 8 4
High Alpha-Pz -5 2

Low Alpha-Cz -1 1 4
Low Alpha-Pz - 6 3
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Appendix C
Study 2» ANOVA on th e  F actor Scores fo r  Component 1
(Slow Wave) o f th e  P re-Stim ulus Alpha Sorted Data

Sum o f Mean
Source Sauares df Sauares F _E_

I n te n s ity
Change 184 1 184 1 .9 .1926
Error 943 10 94
Alpha 70 1 70 .9 .3526
Error 739 10 74
E lectrod e 180 3 60 1 .9 .1585
Error 969 30 32
I x A 141 1 141 2 .2 .1645
Error 62 8 10 63
I x E 52 3 17 1 .1 .3527
Error 464 30 16
A x E 7 3 2 .2 .8679
Error 289 30 _ 10
I x A x E 2 3 0 .7 .0 6 .9737
Error 362 30 12
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Appendix D
Study 2t ANOVA on th e  F actor Scores fo r  Component 1
(Slow Wave) o f th e  P ost-S tim u lu s Alpha Sorted Data

Sum o f Mean
Source Sauares & Sauares F _J2_

I n te n s ity
Change 466 1 466 6 .6 .0281
Error 708 IQ 71
Alpha 27 1 27 .6 .4348
Error 40 6 J-0 41
E lectrod e 213 3 71 2 .6 .0738
Error 843 30 28
I x A 0 .5 1 0 .5 .0 1 .9071
Error 364 10 36
I x E 6 3 2 .3 .842?
Error 231 30 8
A x E 9 3 3 .4 .7667
Error 245 30 8
I x A x E 31 3 10 1 .6 .2063
Error 192 30 6
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Appendix E
Study 2s ANOVA on th e  F actor Scores fo r  Component 2
(P300) o f  the P re-Stim ulus Alpha Sorted  Data

Sum o f Mean
Source Sauares 41 Sauares F

I n te n s ity
Change 3481 1 3481 30 .0003
Error 1173 10 117
Alpha 390 1 390 5 .5 .0415
Error 714 10 71
E lectrod e 1343 3 448 1 2 .4 .0001
Error 1083 30 36
I x A 7 1 7 .0 6 .8115
Error 1222 10_ 122
I x E 258 3 86 4 .6 .0091
Error *560 30 19
A x E 69 3 23 2 .3 .1008
Error 304 30 10
I x A x E 43 3 14 1 .5 .2427
Error 293 30 10
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Appendix F
Study 2s ANOVA on th e  F actor Scores fo r  Component 2
(P300) o f th e  P ost-S tim u lu s Alpha Sorted Data

Sum o f Mean
Source Sauares df Sauares _E_ _E_

I n te n s ity
Change 2679 1 2679 31 .0002
Error 871 10 87
Alpha 33 1 33 0 .7 .*025
Error 495 10 f a

E lectrod e 2034 3 678 18 .0001
Error 1111 30 37
I x A 2 1 2 0 .0 2 .8858
Error 735 10 73
I x E 166 3 55 3-2 .0373
Error 520 17
A x E 6 3 2 0 .3 .8533
Error 236 30 8
I x A x E 20 3 7 0 .6 .6407
Error 350 30 12
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Appendix G
Study 2« ANOVA on th e  F actor Scores fo r  Component 3
(N400) o f  th e P re-Stim ulus Alpha Sorted  Data

Sum o f Mean
g9Ur<?S Sauares Sauares P _E_
I n te n s ity
Change 1017 1 1017 11 .0083
Error 945 10 94
Alpha 1 1 1 .0 2 .8804
Error 525 10 52
E lectrod e 148? 3 496 30 .0001
Error 499 .3 0 17
I x A 63 1 63 3 .1403
Error 244 10 24
I x E 130 3 43 4 .0138
Error 312 30 10
A x E 61 3 20 3 .0319
Error 183 30 6
I x A x E 30 3 10 2 .1643
Error 166 30 5
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Appendix H
Study 2 i ANOVA on th e  F actor Scores fo r  Component 4
(N100) o f th e  P re-Stim ulus Alpha Sorted Data

Sum o f Mean
Source Sauares Sauares JL- —E_
I n te n s ity
Change 13 1 13 .3  .6041
Error 451 10 45
Alpha 4 1 4 .1  .7535
Error 401 10 40
E lectrod e 899 3 300 20 .0001
Error 444 30 15
I X A 14? 1 14? 3 .1225
Error 518 10 52 ...
I x E 13 3 4 0 .4  .7335
Error 296 30 10
A x E 2 3 0 . 6 .08  .9693
Error 243 _ 30 8
I x A x E 20 3 7 1 .2449
Error 138 30 5
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Append ix_.I
Study 2* ANOVA on th e  F actor Scores fo r  Component 3
(N100) o f  th e P ost-S tim u lu s Alpha Sorted  Data

Sum o f Mean
Source Sauares df Sauares JL_ _E_

I n te n s ity
Change 44 1 44 .4 .5342
Error 1058 10 106
Alpha 0 .1 1 0 .1 .0 0 .9657
Error 450 10 45
E lectrod e 337 3 112 5 .0079
Error 709 30 24
I x A 112 1 112 3 .1238
Error 396 10 40
I x E 2 3 0 .7 0 .1 .9499
Error 191 30 _ 6
A x E 6 3 2 0 .2 .9143
Error 356 30 12
I x A x E 44 3 15 2 .1915
Error 262 30 9
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Appendix J
Study 2 i ANOVA on the F actor Scores fo r  Component 2 
o f  th e  Combined Pre- and P ost-S tim u lu s Alpha Sorted

(P300)
Data

Sum o f Mean
$9urpe Sauares df Sauares F _E_
RMS Epoch 4 1 k 0 .1 , 722k
Error 314 10 31
I n te n s ity 3960 1 3960 25 .0005
Error 1592 10 159
Alpha 267 1 267 8 .0204
Error 353 10 35
E lectrod e 350 1 350 9 .0134
Error 389 10 39
R x I O.k 1 O.k 0 .0 2 .8869
Error 178 10 18
I x A 32 1 32 O.k .5279
Error 751 10 75
R x E 0 .8 1 0 .8 O.k .5372
Error 20 10 2
I x E 33 1 33 k .0877
Error 93 _ . 10 9
A x E 7 1 7 2 .1596
Error 32 _ 10 3
A x R 180 1 180 6 .0323
Error 291 10 29
R x I x A ? 1 9 0 .1 .7176
Error 62k 10 62
R x I x E 0 .6 1 0 .6 0 .3 .6225
Error 23 10 2
R x A x E 2 1 2 0 .2 .6979
Error 111 10 11
I x A x E 12 1 12 1 .3075
Error 106 10 11
R x I x A x E 8 1 8 1 .3476
Error 80 10 8
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Appendix K
Study 2 1 ANOVA on B a se lin e -to -Peak Measurements o f P300
in  th e  Combined Pre- and Post -S tim u lu s Alpha Sorted Data

Sum o f Mean
Source Square? df Sauares F _E_
RMS Epoch 284 1 284 14 .0034
Error 196 10 20
I n te n s ity 280 1 280 4 .0809
Error 743 10 74
Alpha 622 1 622 10 .0090
Error 597 10 60
E lectrod e 3298 3 1099 19 .0001
Error 1744 30 58
R x I 49 l 49 2 .2279
Error 300 19 30
I x A 5 l 5 0 .1 .7495
Error J l l 10 51
R x E 33 3 11 2 .2082
Error 189 30 6
I x E 27 3 9 0 .4 .7480
Error 662 30 22
A x E 35 3 12 1 .3488
Error 315 30 10  _
A x R 219 1 219 7 .0 2 2 2
Error 300 10 30
R x I x A 32 1 32 0 .8 .3778
Error 375 10 37
R x I x E 8 3 3 0 .8 .4806
Error 100 30 3
R x A x E 9 3 3 0 .2 .8044
Error 523 30 17
I x A x E 50 3 16 1 .2613
Error 343 30 11
R x I x A x E 20 3 6 0 .7 .5056
Error 292 30 10
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Appendix L
Study 2 t ANOVA on B a se lin e -to -P ea k  Measurements o f  P150 
in  th e  Combined P re- and P ost-S tim u lu s Alpha Sorted Data

Source
RMS Epoch 
Error

Sum o f  
Sauares

**9
353

d£
1

10

Mean
Sauares

49
35

P
1

_E_
.2634

I n te n s ity 1156 1 1156 6 .0394
Error 2061 10 206
E lectrod e 811 3 270 9 .0011
Error 868 30 29
Alpha 0 .5 1 0 .5 0 .02 .8959
Error 309 10 31
R x I 7 1 7 0 .1 .7275
Error 553 10 55
I x A 169 1 169 4 .0862
Error 467 10 47
R x E 4 3 1 0 .1 • 9584
Error 369 30 12
I x E 43 3 14 0 .7 .5356
Error 575 30 _ 19
A x E 4 3 1 0 .2 .9235
Error 245 30 8 .
A x R 21 1 21 0 .8 .39*0
Error 265 10 26
R x I x A 88 1 88 1 .3056
Error 755 10  _ 75
R x I x E 4 3 1 0 .2 .9250
Error 292 30 10
R x A x E 2 3 0 .6 0 .0 8 .9702
Error 211 30 7
I x A x E 3 3 1 0 .1 .9532
Error 318 30 _ _ 11
R x I x A x E 12 3 4 0 .5 .6 7 0 8
Error 236 30 8
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