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A b s t r a c t  

Ten s u b j e c t s  per formed a v i s u a l  d i s c r i m i n a t i o n  d u r i n g  which 

t h e i r  EEG r e c o r d s  were  t a k e n .  S u b j e c t s  r e sponded  f o l l o w i n g  a c l i c k  

t h a t  o c c u r r e d  o n e  second a f t e r  e a c h  v i s u a l  s t i m u l u s .  In C o n d i t i o n  A 

t h e r e  was no  i n f o r n a t i v e  f e e d b a c k  b u t  i n  C o n d i t i o n  B a t o n e  o n e  second  

a f t e r  t h e  c l i c k  i n d i c a t e d  w h e t h e r  t h e  d i s c r i m i n a t i o n  had been c o r r e c t .  

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

n e g a t i v e  v a r i a t i o n  (CNV)  was e v a l u a t e d  f o r l o w i n g  t h e  c l i c k  t o  s e e  i f  

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

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

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

Six o f  t h e  t e n  s u b j e c t s  showed l a r g e r  n e g a t i v e  p o t e n t i a l s  j u s t  p r e c e d i r g  

t h e  f c e d b a c k  t o n e  i n  C o n d i t i o n  B t h a n  at t h e  c o r r e s p o n d i n g  t i m e  i n  

C o n d i t i o n  -1. 

D i f f e r e n c e s  between average. ,  f o r  Conc1,tion tl and C o n d i t i o n  B were 

found  f o r  e a c h  s u b j e c t  and t h e  c o v a r i a n c c s  between t h e s e  d i f f e r e n c e  

r e c o r d s  were  f a c t o r e d  i n  aii a t t e m p t  t o  a s s i i y  t y p e s  o f  d i f f e r e n c e  

r e c o r d s  p r e s e n t ,  T h r e e  f a c t o r s  were  n e c e s s a r y  t o  a c c o u n t  f o r  G8Z o f  

t h e  v a r i a n c e  i n  t h e  r e c o r d s .  

E s t i m a t e s  o f  r e l i a b i l i t y  f o r  C N V s  were made and p o s s i b l e  c e l l u l a r  

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

i i i  
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INTRO i::'CTION 

In recent years there has been considerable interest in 

the relation between electrical measures of brain activity 

and the behavior of men and animals. Early studies focussed 

principal 1 y on the f requ. i1cy and waveform of human electroencephalo- 

grams and on the electrical resp:ilses evoked by sensory stimulation 

measured at the cersbral cortex in animals. The latter experiments 

often had to be carried out vith the aid of anesthetics, yielding 

results that were not not easily geeutrralized to normal human 

behavior, or even to the bahavior of unanesthetizsd animals. 

Experiments on humar;s mainly attempted to examine the conditions 

under which particular mveforms and frequencies appeared in 

the ongoing EEG. Some researchers were able to examin< cortical 

and subcortical evoked responses in humans (e.g. Brazier 1964) 

and others superimposed successive ELG records to get a better 

view of activity following pe~lpheral stimuli, but only with 

tht advsnt of automatic signal averaging dcvices (sse Dawson 

(1954) for the first application to el cctroenccphalography) 

was it possible for workers to accurately measure the effects 

of sensory stimulation Jn the electroencephalogran. By 

presenting many stimuli of the same type to the subject and averaging 

the electroencephalograms following t:!e stimuli, experimenters 

can reduce the eff2cts of ongoin, activity that is uncorrelated 

witti thc stimulation and enhance the activity evoked by the stimuli 

so that it may be studied in detail. Much work has been done 

relating stimulus intensity and modality ~ 4 t h  the distribution at 

the scalp and the form, latency, and amplitude of the evoked potentials 

(Landau 1967, Perry and Childers 1969, Donchin and Lindsley 1969). 



I n v e s t i g a t i o n  o f  evoked r e s p c n p ? s  i n  s i t u a t i o n s  r e q u i r i n g  s u b j e c t s  

t o  make d i s c r i r . i n a t i o n s  h a s  l e d  t o  r e p o r t s  by many i n v e s t i g a t o r s  of 

a l a t e  component o f  t h e  evoked responze  p a r t i c u l a r l y  n o t a b l e  i n  t h e s e  

situations which d i f f e r e n t  work2rs  have r e l a t e d  t o  a t t e n t i o n ,  

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

by t h e  s t i m u l u s  ( s e e  Donchin and Smi th ,  1970) .  

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

l e s s  t h a n  500 m i i l i s e c o n d s ,  t h e r e  have been r e p o r t s  of l o n g e r -  

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

s e n s o r y  s t i m u l a t i o n  (Gumnit 1950,  Gumnit and Grossman 1961) and 

a s s o c i a t e d  w i t h  l e a r n i n g  and r e i n f o r c e m e n t  (Xnukhina 1961, 

McAdam e t  a l .  1962 ,  Roland and Go1ds to ;~e  1963,  Low e t  a l .  1966a ,  -- 
Roland 1967,  C h i o r i n i  1969,  I r w i n  and Reber t  1970,  Donchin e t  a l .  1 9 7 1 ) .  -- 
These s t u d i e s  fo l lowed  e x t e n s i v e  d e m o n s t r a t i o n s  of  c o r t i c a l  

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

thalamus and t h e  c o r t e x  ( B r o o k h a r t  -- e t  a l .  1958,  O 'Leary  and Goldr ing  

1959,  O 'Leary  and Goldr ing  1 9 6 4 ) .  

Averaging o f  humai: e l e ~ t r - ~ ~ e n c e p h a ' o g r a r n s  i n  a  r e a c t i o n - t i m e  

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

b e f o r e  t h e  r e s p o n s e  which k1a l t e r  and a s s o c i a t e s  (1964)  named t h e  

c o n t i n g e n t  n e g a t i v e  v a r i a t i o n  (CNV). I n  t h i s  exper iment  a  b r i e f  

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

was fo1lox:ed one second l a t e r  by a s e r i e s  oE c l i c k s  o r  f l a - h  P e s  

c a l l e d  t h e  i m p e r a t i v e  s t i m u l u s .  The s u b j e c t  was i n s r r u c t e d  t o  p r e s s  

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

t e r r ~ ~ i n a t i n g   he s e r i e s  o f  c l i c k s  o r  f l a s h e s .  The averaged  EEG 

between v e r t e x  ( t o p  of  t h e  h e a d )  and mas to id  e l e c t r o d e s  showed 

a mean d i f f e r e n c e  i n  p o t e n t i a l  o f  a b o u t  twcnty  ~ : . i c r o v o i t s ,  n e g a t i v e  

a t  t h e  1 7 e r t e x ,  d u r i n g  t h e  p e r i o d  between t h e  c o n d i t i o n a l  and 

impera t iv t :  s t i m u l i .  T h i s  p o t e n t i a l  dropped t o  ze ro  a f t e r  t h e  r e s p o n s e .  

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

' ;heir  a ~ ~ e r a g e d  s i g n a l s  a s  a " s i g n  o f  s e n s o r i m a t o r  a s s o c i a t i o n  and 

sxpec  tancy"  . 



Flnny v a r i a t i m s  o f  t h e  o r i g i n s 1  CN\. paradigm have been 

examined i n  a t t e m p t s  t o  d e f i n e  t h e  c o n d i t i o n s  w z e s s a r y  f o r  t h e  CNV 

t o  a p p e g r  and t o  t e s t  v a r i o u s  e x n l a n a t i o n s  o f  t h e  phmoxenon,  most 

o f  v h f c h  have been s u m m a r i ~ e d  i n  e r e c e n t  review by Tecce ( 1 9 7 2 ) .  

Tecce s t t e m y t s  t o  e v e l u a t e  t h e  d a t a  t h a t  h a s  been c o l l e c t e d  es i t  

a p p l i e s  t o  d e s c r i p t i o n s  c a s t  i n  terms o f  e s p e c t a n c y ,  a t t e n t i o n .  mot i -  

v a t i o n ,  c o g n i t i o n ,  and c o n e t i o n .  Almost e l l  o f  t h e s e  e x p l a n a t i o n c  

a t t e m ~ t  t o  d e s c r i b ?  t h e  sub- jec t s '  s t a t e  o r  c o n d i t i o n  d u r i n g  t h e  

o c c u r r e n c e  o f  t h e  CSV. \ : a l t e r  e t  a l .  ( 1 9 6 4 !  eppaz-entl y  u s e  t'7e -- 
term " ~ x p e c t a n c y "  because  t h e  a m p l i t u d e  of t h e  CNV i n  t h e i r  experime!lts  

was r e l a t e d  t o  t h e  p r o b a b i l i t y  t h q t  t h e  second ( i m p e r a t i v e )  s t l m u i ~ s  

would o c c u r ,  o r  t o  i n s t r u c t i o n s  a s  t o  t h i s  p r o b a b i l i t y .  O t h e r  

workers  have o f t e n  used "expectant}" i n  a b roader  s e n s e ,  i n d i c a t i n g  

a n  i n t e r n a l  s t a t e  o f  t h e  s u b j e c t .  Wal te r  and h i s  co-workers  a l s o  

s u g g e s t e d  t h a t  t h e  CNV might be a  s i g n  o f  " c o r t i c a l  priming".  McAdam 

(1968) looked  a t  t h e  l a t e n c y  o f  t h e  somatosensory evoked response  

d u r i n g  t h e  n e g a t i - \  s h i f t  t o  e v a l u a t e  t h i s  p o s s i b i l i t y ,  and found 

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

d u r i n g  t h e  CNV. 

Although most d i s c u s s i o n  o f  t h e  CNV does  n o t  f o c u s  on t h e  

s u b j e c t s '  r e s p o n s e s ,  Low e t  a l .  (19bba ,b )  have sugges ted  t h a t  t h e  

CNV o c c u r s  because  t h e  s u b j e c t  i n t e n d s  t o  respond.  C r u c i a l  t o  t h i s  

p o i n t  o f  v iew a r e  t h e  r e s u l t s  o f  Kornhuber and Deeke (1965)  

and o t h e r s  whose s u b j e c t s  showed n e g a t i v e  p o t e n t i a l s  a t  t h e  v e r t e x  

p r e c e d i n g  movements which t h e y  made a t  t h e i r  own d i s c r e t i o n .  

They had s u b j e c t s  p r e s s  a  Bwitoil s e v e r a l  hundred t i m e s ,  e i t h e r  w i t h  

hand o r  f o o t ,  w h i l e  t h e y  r e c o r d e d  t h e  EEG and s i g n a l s  t'at 

i n d i c a t e d  t h e  t i n e s n f  t h e  s w i t c h  c l o s u r e s .  Averaging t h e  EEG 

r e c o r d s  s o  t h a t  a l l  swi tch  c l o s u r e s  came a t  t h e  same p o i n t  i n  t h e  

e v c r a g e ,  t h e y  found p r e c e d i n g  t h e  movement an  a v e r a g e  v e r t e x - t o - m a s t o i d  

p o t e n t i a l  of -5  t o  -10 m i c r o v o l t s  s t a r t i n g  one-ha l f  t o  one 

second p r i o r  t o  t h e  moiVement and r e a c h i n g  a maximum a t  o r  j u s t  

o 6 t e r  t h e  w i t c h  c l o s u r e .  T h i s  r e s u l t  was v e r i f i e d  by o t h e r  



workers  and premotor  p o t e n t i a l s  were revorded  from v a r i o u s  p o i n t s  

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

presumed t o  be s o m c A e r e  i n  t h e  c o r t e x  (Gi lden  g. 196b,  

Vaughan -- e t  a 1  .1968. Von Becker  e t  a l .  1968,  Vaughan 1969, Deeke 

e t  a 1  . 1969,  Kornhuber e t  a 1  . 1 9 6 9 ) .  -- - - -. 
It i s  n o t  u n r e a s o n a b l e  t o  compare t h e  premotor p o t e n t i a l  

o r  B e r e i t s c h a f t s p a t e n t i a l ,  a s  Kornhuber and Deeke c a l l e d  i t :  w i t h  

t h e  CNV. Most CNV exper iments  r e q u i r e  a  motor r e sponse  by t h e  

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

o r  p e t a l l i n g  a b i c y c l e  ( W a l t e r  1 9 6 7 ) ,  b u t  u s u a l l y  a small movement 

such a s  Kornhuber and Deeke r e q u i r e d .  However, i t  h a s  been shown 

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

may s t i l l  show a CNV f o l l o w i n g  a c o n d i t i o n a l  s t i m u l u s .  Donchin 

e t  a 1 . ( 1 9 7 2 )  approached t h i s  ?roblem w i t h  f o u r  t a s k s  and a : ' ; r ee -  -- 
mode f a c t o r  a n a l y s i s  o f  t h e  C N V s  o b t a i n e d ,  conc lud ing  t h a t  a 

motor  r e s p o n s e  i s  n o t  n e c e s s a r y  f o r  a CNV t o  be p r e s e n t .  Yet 

much muscle  a c t i v i t y ,  e s p e c i a l l y  o f  t h e  f a c e  and mouth, h a s  been 

recorded  from s u b h e c t s  do ing  problems o r  reac?ing t o  themse lves  

(McGuigan 1 9 7 0 ) .  I t  i s  v i r t u a l l y  i m p o s s i b l e  t o  demons t ra te  t h a t  

t h e  s u b j e c t s  i n  t h e s e  CNV exper imenfs  d i d  n o t  make smal l  movements 

accompanied by motor  p o t e n t i a l s ,  and none o f  t h e  above exper iments  

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

might have o c c u r r e d  i n  t h e  a b s e n c e  o f  observed r e s p o n s e s ,  n o r  were  

t h e  s u b j e c t s  c a r e f u l l y  watched f o r  :novements. Thus w ; ~ i l e  i t  i s  c l e e r  

t h a t  t h e  sub l i ec t s  showed QJVs w i t h o u t  making t h e  r e s p o n s e s  t h a t  

were measured,  i t  does  n o t  n e c e s s a r i l y  f o l l o w  t h a t  t h e  CNV 

i s  independen t  o f  motc r  a c t i v i t y  and d i f f e r e n t  ircm t h e  B e r e i t s c h a f t s -  

p o i e : l t i a l .  



S t u d i e s  t h a t  were  d e s i g n e d  t o  a s s e s s  t h e  e f f e c t  o f  m o t i v a t i n g  

i n s t r u c t i o n s  on  CNV a m p l i t u ' i ,  have! i n d i r e c t l y  s u p p o r t e d  t h e  s u g ~ e s t i o n  

t h a t  t h e  CXV and  t h e  B e r e i t s c h a f t s p o t e n t i a l  are c l o s e l y  r e l a t e d .  

Yaszak and O b r i s t  ( 1 9 6 3 )  r e p o r t e d  a n  i n c r e a s e  i n  t h e  a m p l i t u d e  o f  

CNVs  when s u b j e c t s  were t o l d  t o  r e spond  as q u i c k l y  as p o s s i b l e  as 

coinpared w i t h  times when t h e y  were  t o l d  t o  remain  r e l a x e d .  - w i n  

et a l .  (1966)  showed increase- .  i n  C W  a m p l i t u d e  w i t h  i n c r e a s e s  i n  -- 
t h e  l e v e l  o f  a shock  t h a t  f o l l o w e d  t h e  r e s p o n s e .  Motor  p o t e n t i a l s  

measured  by P1clldam and S e n l e s  ( 1 9 6 9 )  were 'doubled by i n s t r u c t i n g  

s u b j c c t s  t h a t  t h e y  would be  p a i d  t e n  c e n t s  f o r  e a c h  c o r r e c t  r e s p o n s e .  

Thus  a t t e m p t s  t o  m o t i v a t e  s u b j e c t s  more h i g h l y  have  i n c r e a s e d  bo th  

CNVs and Eercitschaftspotentials. 

S e v e r a l  a t t e m p t s  have  been made t o  l o c a l i z e  t h e s e  s low p o t e n t i a l s  

on  t h e  head .  By compar ing  t h e  s i z e s  of a v e r a g e d  s i g n a l s  t a k e n  

from d i f f e r e n t  p a i r s  o f  c l c c t r o d e s  on t h e  same s u b j e c t ,  i t  i s  o f t e n  

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

p o t e n t i a l .  T h e r e  are s e v e r a l  r e p o r t s  t h a t  motor  p o t e n t i a l s  are 

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

f o r  t h e  movement (Vaughan e t  a 1  . 1968 ,  Knrnhuber and Deeke 1965,  

Vaughnn 1969,  Mc.\dam and S e a l e s  1 9 6 9 ) .  It h a s  been more d i f f i c u l t ,  

however ,  t o  l o c a l i z e  t h e  CNV (Vaughan 19691,  though most  w o r k e r s  f i n d  

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

and t h e  CNV h a v e  d i f f e r e n t  o r i g i n s  e x c e p t  t h a t  Deeke et 31. (1969)  

r e p o r t  mo to r  p o t e n t i a l s  maximal a t  t h e  v e r t e x  and r e s u l t s  o f  t r a n s -  

c o r t i c a l  r e c o r d i n g  (Donchin  e t  al. 1971)  i n d i c a t e  t h a t  n e g a t i v e  s h i f t s  

d u r i n g  c o n d i t i o n i n g  o c c u r  a t  many l o c i  and depend on t h e  s p e c i f i c  

t a s k  pe r fo rmed .  



I t  i s  i m p o r t a n t  t o  rcnember t h a t  a l t h o u g h  t h e s e  changes 

i n  p o t e n t i a l  found i n  a v e r a g . d  EEG r e c o r d s  a r e  u s u a l l y ~ a s s u m e d  t o  

be caused by n e u r a l  a c t i v i t y ,  t h e y  may a l s o  be caused by eye  

movements ( H i l l y a r d  and Galambos 1970,  S u r w i l l o  1971). Many 

workers  have r e p o r t e d  averaced  eye-movement ~ o t e n t i a l s  t h a t  look 

v e r y  much l i k e  CXV r e c o r d s ,  o f t e n  o f  l a r g e r  magnitude t h a n  

c o n c u r r e n t l y  r e c o r d e d  C N V s .  These  a r e  r e p o r t e d l y  reduced by 

f i x a t i o n  o f  t h e  e y e s  ( H i l l y a r d  and Galambos 1970) .  

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

encephalograms,  s i n c e  muscle u n i t s  have e l e c t r o c h e m i c a l  c h a r a c t e r -  

i s t i c s  s i m i l a r  t o  neurons .  V a r i o u s  i n v e s t i g a t o r s  have s u g g e s t e d  

t h a t  muscle  a c t i v i t y  map be r e s p o n s i b l e  f o r  c e r t a i n  evoked r e s p o n s e  

components ( B i c k f o r d  et &. 1964, Davis -- et a l .  1964, Masf 1965, 

m ern -- e t  a l .  19t .31,  though t h e r e  a p p e a r  t o  be no r e p o r t s  o f  

muscle  a c t i v i t y  c o n t r i b u t i n g  t o  averaged slow p o t e n t i a l s .  Kohler  ' 

e t  a l .  (1952)  r e p o r t  s low p o t e n t i a l  changes  w i t h  tongue movements 
A -  

b u t  g i v e  no d a t a :  t h e  r e p o r t  d o e s  ~ n t  appn l r  t= h~...e t;cei-, 

s y s t e m - t i c a l l y  v e r i f i e d .  

Another  p o s s i b l e  g e n e r a t o r  o f  s low p o t e n t i a l s  i s  t h e  g a l v a n i c  

s k i n  r e s p o n s e  (GSR). If d i r e c t  c u r r e n t  werc a p p l i e d  a c r o s s  t h e  

r e c o r d i n g  e l e c t r o d e s ,  o r  i f  t h e  e l e c t r o d e s  had d i f f e r e n t  j u n c t i o n  

p o t e n t i a l s ,  t h e  GSR cou ld  a p p e a r  i n  EEG r e c o r d i n g s ,  s i n c e  t h e  

modula t ion  o f  b a t t e r y  o r  e l e c t r o d e  p o t e n t i a l  by t h e  s k i n  r e s i s t a n c e  

would be i n d i s t i n g u i s h a b l e  from p o t e n t i a l  changes  due t o  n e u r a l  

o r  muscu la r  a c t i v i t y .  The u s e  o f  a m p l i f i e r s  w i t h  v e r y  h i g h  i n p u t  

impedance e l i m i n a t e d  t h i s  problem. 

I f  e l e c t r i c a l  a c t i v i t y  r e c o r d e d  a t  t h e  s c a l p  is a c t u a l 1  y due 

t o  b r a i n  a c t i v i t y ,  a s  i s  u s u a l l y  assumed (Vaughan 1969) ,  t h e  

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

neurons  whose p r o p e r t i e s  arc. n o t  f a i r l y  we l l  unders tood (Hodgkin 

1964, S t e v e n s  1966) .  .I1 though i t  h a s  long  been b e l i e v e d  by some 



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

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

( G e r s t e i n  1961) ,  r e p o r t s  by d i f f e r e n t  i n v e s t i g a t o r s  i n d i c a t e d  

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

Plany r e c e n t  p a p e r s ,  p a r t i c u l a r 1  y o n e s  r e p o r t i n g  computer summations 

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

s l o w e r  p o t e n t i a l  changes  i n  t h e  c o r t e x  a r e  a v e r y  c l o s e  measure o f  

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

( s e e  f o r  example Verzeano 19681, t h e  rnaximk f i r i n g  r a t e  o c c u r r i n g  

a t  t h e  times t h e  s l o w e r  evoked a c t i v i t y  i s  vecoming more n e g a t i v e .  

T h i s  s u g g e s t s  t h a t ,  g iven  a c l o s e  r e l a t i o n  between c o r t i c a l  a c t i v i t y  

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

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

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

from b r a i n  t i s s u e ,  a r e  n o t  a f f e c t e d  by non-neural  s o u r c e s  o f  

e l e c t r i c a l  a c t i v i t y ,  then  an i n c r e a s e  i n  p o t e n t i a l  t h a t  i s  n e g a t i v e  

a t  t h e  v e r t e x  i n d i c a t e s  an  i n c r e a s e  i n ' f i r i n g  of  nertrons nP lr ?-he 

v e r t e x .  

T h i s  c o n c l u s i o n  t e n d s  t o  s u p p o r t  t h e  n o t i o n  o f  " c o r t i c a l  pr iming"  

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

changes  t h a t  were mentioned e a r l i e r .  I t  a l s o  a g r e e s  w i t h  c o n c l u s i o n s  

t h a t  can be drawn from t h e  compar ison o f  motor  p o t e n t i a l  s t u d i e s  and 

d a t a  on s i n g l e  n e u r a l  d i s c h a r g e s  i n  t h e  motor  c o r t e x  o f  monkeys 

making c o n d i t i o n e d  arm movements, t o  be d i s c u s s e d  l a t e r .  However i n  

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

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

o r  any  combina t ion  o f  them may be  r e s p o n s i b l e  f o r  changes i n  a n  EEG 

r e c o r d ,  s o  t h a t  it i s  i m p o r t a n t  n o t  t o  assume a  s i n g l e  s o u r c e  when 

o t h e r s  have n o t  been e x p l i c i t l y  r u l e d  o u t .  V i r t u a l l y  a l l  e l e c t r o -  

encepha lography ,  i n c l u d i n g  t h e  r e s e a r c h  d e s c r i b e d  i n  t h i s  p a p e r ,  must 

be done w i t h  incomple te  knowledge o f  t h e  p h y s i o l o g i c a l  s o u r c e s  o f  

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



The ? r e s e n t  exper iment  was s t i r i  l a t e d  by r e s u l t s  y b l i s h e d  by 

Timset  -- e t  a l .  (19701 i n d i c a t i n g  t h a t  o f  a group o f  s u b j e c t s  i n  a 

h o ~ p i t a l ,  p a t i e n t s  c l a s s i f i e d  a s  p s y c h o t i c  o r  n e u r o t i c  were much 

more l i k e l y  t o  show a CNY t h a t  l a s t e d  1' seconds  o r  l o n g e r  a f t e r  

t h e  r e s p o n s e .  Nine ty -one  p e r c e n t  o f  t h e  p s y c h o t i c s  t e s t e d  and 

t h i r t y - f o u r  p e r c e n t  o f  t h e  n e u r o t i c s  showed t h i s  prolongued 

CNV, b u t  o n l y  n i n e  p e r c e n t  o f  t h e  normals  showed t h i s  p a t t e r n .  

Timset  - e t  -. a l .  s u g g e s t e d  t h a t  t h e  prolonged CSV could  i n d i c a t e  

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

as l a s t i n g  beyond t h e  t ime  o f  t h e  r e s p o n s e .  

I f  t h e  n e u r o t i c  and p s y c h o t i c  s u b j e c t s  i n  t h i s  exper iment  

showed p ro longed  C N V s  because  t h e y  were e x p e c t i n g  something m ~ r e  

t o  happen,  t h a t  i s ,  i f  t h ?  e x t e n s i o n  o f  t h e i r  CNVs i n d i c a t e s  t h e  

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

i t  seems r e a s o n a b l e  t h a t  normal s u b j e c t s  might a l s o  shoi prolonged 

CNVS i f  e x p e r i m e n t a l  c o n d i t i o n s  cou ld  be  a r r a n g e d  so a s  t o  make 

them e x p e c t  some e v e n t  t o  f o l l o w  t h e  r e s p o n s e .  Such c o n d i t i o n s  

would be s e t  up by p resen :  1;: a s t i m u l u s  of  some s i g n i f i c a n c e  t o  

t h e  s u b j e c t s  a f t e r  each r c  ponse .  

A r e c e n t  r e p o r t  (De l se  -- e t  81. 1972)  d e s c r i b e s  t h e  e f f e c t s  

on t h e  CNV o f  hav ing  a n  a d d i t i o n a l  s t i m u l u s  p r t s e n t e d  b e f o r e  t h e  

r e s p o n s e .  I n  a  de leyed  a u d i t o r y  d i s c r i r n i n a t i o s  t h e  averaged  EEG 

w a s  found t o  be t y p i c a l l y  n e g a t i v e  a t  t h e  v e r t e x  f o r  two seconds ,  

from j u s t  a f t e r  t h e  f i r s t  s t i m u l u s  u n t i l  a f t e r  t h e  r e s p o n s e  s i g n a l .  

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

second s t i m u l u s  and ?-is0 a  meen n e g a t i v e  p o t e n t i a l  one  second 

l a t e r ,  a t  t h e  t i m e  o f  t h e  r e s p o n s e  s i g n s l ( i m p e r a t i v e  s t i m u l u s ) .  

Reber t (1972)  p r e s e n t e d  i n f o r m a t i o n  abou t  t h e  s u b j e c t r '  r e a c t i o n  

t imes  a f t e r  t h e y  responded ,  bu t  s topped  s v e r a g i n ~  t o o  soon t o  be 

a b l e  t o  t e l l  i f  t h i s  p rocedure  l eng thened  t h e  d u r a t i o n  o f  t h e  C W c .  

It does  n o t  a p p e a r  unrv., onnb? e  t h a t  normal s u b j e c t s  might show 

prolonged CNVs i f  t h e y  were t c a i t i n g  f o r  s t i m u l i  followinc,  t h e i r  

r e s p o n s e s ,  bu t  t h e r e  i s  no e x p e r i m e n t a l  ev idence  t h a t  dcrnonstrn:cs 

i t .  



The p r e s e n t  exper iment  was des igned  s o  t h a t  t h e  form o f  t h e  

f i r s t  s t i m u l u s  i n d i c a t e d  which o f  two r e s p o n s e s  was t o  be made. 

The second s t i m u l u s ,  one  second l a t e r ,   old t h e  s u b j e c t  t o  r e spond ,  

and  a t h i r d  s t i m u l u s ,  a n o t h e r  s e ~ o n d  l a t e r ,  i n d i c a t e d  whether  the  

respofisc had been c o r r e c t .  C o n t r o l  t r i a l s  were run  i n  :i'nich no 

i n f o r m a t i v e  f e e d b a c k  was p rov ided .  Half  o f  t h e  s u b j e c t s  r e c e i v e d  

a n e u t r a l  t h i r d  s t i m u l u s  on t l . e s e  c c n t r o l  t r i a l s ,  and h a l f  r e c e i v e d  

no feedback  s t i m u l u s  a t  a l l .  C o n t r o l  t r i a l s  were a lways  run  f i r s t  

s o  t h a t  t h e  s u b j e c t s  would n o t  have r e a s o n  t o  pay s p e c i a l  a t t e n t i o n  

t o  t h i s  e t i m u l u s ( o r  i t s  a b s e n c e )  u n t i l  t h e y  were g i v e n  s p e c i a l  

i n s t i - u c t i o n s  a b o u t  i t .  I t  was a n t i c i p a t e d  t h a t  t h e  CNV would be 

ex tended  i n  t h e  b l o c k s  o f  experiment?.! t r i a l s  i n  which i n f o r m a t i o n  

was g i v e n  t c  t h e  s u b j e c t  a f t e r  h i s  r e s p o n s e .  > 



The t e n  s u b j e c t s  i n  t h i s  e s p e r i n e ? t  were pa id  v o l u n t e e r s ,  

r e c r u i t e d  i n  t h e  c a f e t e r i a - l o u n g e .  The E E S  was r e c c r d e d  w i t h  

Beckman s i l v e r - s i l v e r  c h l o r i d e  p e l l e t  e l e c t r o d e s  ?!aced j u s t  

above t h e  n a i s o n .  a t  t h e  v e r t e x  ( C z !  a n 3  b i l a t e r a l l y  a t  t h e  

f r o n t a l  and p a r i e t a l  p o s i t i o n s  d - t s i  ?,RE t e d  F3,F4,P3 ;>.~d P 4  

a c c o r d i n g  t o  t h e  i n t e r n a t i o n a l  10-20 system of e l e c t r o d e  p l a c e -  

ment (Cooper _ e _ f  s. 1 9 6 9 ) .  P r i o r  t o  p l a i e w n t  o f  e l e c t r o d e s ,  

e l e c t r o d e  s i t e s  were  c i e a n e d  w i t h  i s o p r o p y l  a l c o h o l .  Beckman 

e l e c t r o d e  cream was used t o  s e c u r e  e l e c t r o d e s  p laced  o v e r  h a i r ;  

t h o s e  p l a c e d  d i r e c t l y  on t h e  s k i n  were secured  by Bec man a d h e s i v e  

pads  and e l e c t r i c a l  c o n t a c t  was made w i t h  .Beckman e l e c t r o d e  p a s t e .  

Skin  d r i l l i n g  (Geddes 1972)  w a s  used t o  lower  e l e c t r o d e  r e s i s t a n c e  

t o  between 1000 a n 3  2CCO ohms, r e f e r r e d  t o  e l e c t r i c a l l y  connected 

r e f e r e n c e  e l e c t r o d e s  p lnced  o v e r  t h e  mas to id  p r o c e s s e s .  An a d d i t i o n a l  

e l e c t r o d e  on t h e  forehe- id  s e r v e d  t o   round t h e  s u b j e c t .  

Recording was d o n .  w i t h  t h e  s u b j e c t  i n  a n  e l e c t r i c a l l y  s h i e l d e d  

soundproofed boo th .  I n p u t  f rcm t h e  e l e c t r o d e s  was f e d  through s i x  

o f  t h e  e i g h t  ba lanced  preamplifiers o f  a n  Elma-Scnoenander model 

160 hiingograph, t h e  remaining two preamp1 i f  i e r s  being used t o  

moni to r  p u l s e s  i n d i c a t i n g  t h e  o c c u r r e n c e  o f  s t i m u l i  and r e s p o n s e s .  

A l l  d a t a  wcre r e c o r d e d  w i t h  a P r e c i s i o n  I n s t r u m e n t s  Plodel PI-6200 F?I 

m1gnetic t a p e  u n i t ,  a s  we l l  as on t h ?  po lygraph  c h a r t .  Time c o n s t a n t s  

f c r  t h e  a n p l i f i e r s  were s e t  a t  5 seconds  and hig!i-freqiiency r o l l o f f  

began a t  700 Hz. 

S i g n a l s  from the f i r s t :  f o u r  p r e a m p l i f i e r s  wcre averaged  from 

t h e  beg inn ing  o f  e a c ! ~  t r i a l  \. i t h  a Fabr i -Tek model 1050 s i g n a l  

a v e r a g e r .  Dwell t ime  was 20 ms. p e r  a d d r e s s ,  w i t h  256 a d d r e s s e s  

p e r  r e c o r d ,  s o  t h a t  t h e  t o t a l  a v e r a g i n g  epoch was 5.12 seconds  pcz 

t r i a l .  D i g i t a l  o u t p u t  f o r  e a c h  b lock  o f  1 6  t r i a l s  was punched 

on paper  t a p e  \ < i t h  a  T a l l y  p a p e r  t a p e  punc t~  f c r  l a t e r  a n a l y s i s .  



I n i t i a l  d a t a  hand1 i n g  n a s  done w i t h  a Hewlet t -Packard 

Plodel 2116B computer .  The mean and  s t a n d s r d  d e v i a t i o n  was computed 

f o r  each  r e c o r d  and p o i n t s  more t h a ,  2 . 5  s t a n d a r d  d e v i a t i o n s  from t h e  

mean were a d j u s t e d  a s  d e s c r i b e d  l a t e r .  D i f f e r e n c e s  between c o n d i t i o n s  

were computed f o r  each  s u b j e c t  and means o v e r  a l l  s u b j e c t s  

found .  The a d j u s t e d  daca  was a l s o  t r a n s f e r r e d  t o  magne t i c  t a p e  

f o r  f u r t h e r  a n a l y s i s  on a n  IB!i Plodel 360 computer. 

The discriminative s t i m u l i  were p rov ided  by mounting s t r i p s  

o f  t a p e  on g l a s s  s l i d e s  s o  as  t o  form L-shaped s i l h o u e t t e s .  

E i g h t y  s l i d e s   ere p r e p a r e d .  T h i r t y - t w o  had l o n g e r  v e r t i c a l  

t h a n  h o r i z o n t a l  a rms ,  t h i r t y - t w o  had l o q g e r  h o r i z o n t a l  

a rms ,  and  s i x t e e n  h..d arms o f  e q u a l  l e n g t h .  These were o r d e r e d  

s o  t h a t  t h e  c o r r e c t  r e sponse  was known f o r  each o f  t h e  e i g h t y  s l i d e s ,  

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

l e n g t h .  The f i g c r e s  were p r o j e c t e d  s e q u e n t i a l l y  w i t h  a Kokak 

Carouse l  p r o j e c t o r  and t r a n s m i t t e d  v i a  a  c l o s e d - c i r c u i t  TIr sys tem 

t o  t h e  booth  i n  which t h e  s u b j e c t  w a s  s e a t e d .  Also  i n  t h e  

booth  were two l o u d s p e a k e r s ,  one  o f  which  r e c e i v e d  100 ms tone  

b u r s t s  a t  1000 o r  500 Hz which s e r v e d  as feedback t o  t h e  s u b j e c t .  

Each s u b j e c t  was s e a t e d  c o m f o r t a b l y  i n  a r e c l i n i n g  c h a i r  and a - 

p o s i t i o n e d  s o  t h a t  t h e  TV m o n i t o r  was i n  view when h i s  head was a t  

r e s t  a g a i n s t  t h e  back o f  t h e  c h a i r .  I f  n e c e s s a r y ,  h i s  head was 

suppor ted  w i t h  a p i l l o w .  T h i s  was done t-o minimize muscle  p o t e n t i a l  

a r t i f a c t s  o r i g i n a t i n g  i n  neck and s c a l p  muscles .  T h e  s u b j e c t  was 

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

t h e  TV m o n i t o r .  He was g i v e n  a 4" X5" box w i t h  two pushbu t ton  

s w i t c h e s  o v e r  which he  was a s k e d  t o  p l a c e  t h e  f i r s t  two f i n g e r s  o f  

h i s  r i g h t  hand.  Sample s t i m u l i  were  p r e s e n t e d  and t h e  s u b j e c t  

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

on t h e  s c r e e n  was l o n g e r  and t h e  l c  . but ton  i f  t h e  h o r i z o n t a l  

b a r  w a s  l o n g e r .  



T h e r e  were  twa i . spe r i s .~en ia l  c o n d i t i c m s .  Conci t io i l  A ,  t h e  

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

n o n - s i g n i f i c a n t  t o n e s  were p r e s e n t  f o r  h a l f  o f  t h e  s u b j e c t s .  One 

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

s t i m u l u s  was p r e s e n t e d  f o r  100 ms. on t h e  t e l e v i s i o n  s c r e e n  :lpon 

which t h e  s u b j e c t  was Lixatin:; h i s  e y e s .  One second a f t e r  t h e  o n s e t  

o f  t h i s  s t i m u l u s  a  c l i c k  was p r e s e n t e d ,  f o l l o w i n g  which t h e  s u b j e c t  

was t o  respond .  For  h a l f  t h e  s u b j e c t s  t h e r e  were no f u r t h e r  s t i m u l i  

and f o r  h a l f  t h e r e  was a t o n e  p i t c h e d  e i t h e r  a t  500 o r  1000 Hz 

one  second a f t e r  t h e  c l i c k .  The p i t c h  o f  t h i s  t o n e  bore  n u  r e l a t i o n  

t o  t n e  r e s p o n s e  o f  t h e  s u b j e c t ,  b u t  changed i r r e g k l a r l y  from t r i a l  

t o  t r i a l .  

C o n d i t i o n  B ,  t h e  i n f o ~ m a t i v e  feedback  cond t i o n ,  a lways  fo l lowed  

et  least s i x t e e n  t r i a i s  under  c o n d i t i o n  A .  Events  proceeded i n  e x a c t l y  

t l ie  same way, w i t i ;  v i s u a l  s t i m u l u s ,  c l i c k ,  r e s p o n s e ,  and tone  i n  . 
t h e  same s e q u e n c e ,  e x c e p t  t h a t  t h e  t o n e  o c c u r r e d  f o r  a l l  s u b j e c t s .  

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

o f  t h e  t o n e  i n d i c a t e d  whether  he had d i s c r i m i n a t e d  c o r r e c t l y  O Y  n o t ,  

a high-pi tchec!  t o n e  i n d i c a t i n g  a c o r r e c t  c h o i c e  and a low-p i t ched  t o n e  

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

cou;itc;: a s  e r r o r s .  The s u b j e c t  was i n s t r u c t e d  a b o u t  t h i s  d i f f e r e n c e  

and asked  t o  a l w a y s  t r y  t o  make t h e  c o r r e c t  c h o i c e .  Sanple  

h i g h  and low t o n e s  were p r e s e n t e d  and one o r  two p r a c t i c e  tl-ia. ' .s r im 

w i t h  each s u b j e c t .  A t  l e a s t  two b l o c k s  of s i x t e e n  t r i a l s  were p e r f o r -  

med by e a c i ~  s u b j e c t  under  t h i s  c o n d i t i o n .  Between b locks  o f  t r i a l s  

t h e  s u b j e c t  ::as t o l d  t o  r e l a x  u n t i l  t h e  d a t a  cou ld  be punched o u t  

on papzr  t a p e ,  a f t e r  w i ~ i c h  he w a s  t o l d  t h a t  a  new s e r i e s  o f  t r i a l s  

was t o  b e g i n .  I n s ~ r u c t i o n s  : .e re  g i v c n  o v e r  an  in te rcom system.  

The e x p e r i m e n t e r  i n i t i a t e d  each  t r i a l .  Fol lowing t h i s  s e v c r a l  

e v e n t s  had t o  be c o o r d i n a t e d .  The a\ .erager had t o  be t r i g g e r e d ,  t h e  

s l i d e  p r o j e c t o r ,  t h e  s t i m u l i  had t o  be p r e s e n ~ e C  a t  t h e  r i g h t  t i m e s ,  

and ~r ta rke r  s ig i - la ls  had t o  be sent: t o  t h e  p o l y ~ r a p h  f o r  record.'.ng. 

The t r i g g e r i n g  o f  ~ h e s e  functions was acnompliskzd [+-it11 a srlt o f  

Grayson- S t a d l e r  t i n t e r s  and s o l i d -  % L a t e  l o g i c  modules. 
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R e s u l t s  

Only averaged  s i g n a l s  from t h e  v e r t e x  w i l l  be d i s c u s s e d  i n  t h i s  

p a p e r ,  s i n c e  d a t a  from t h i s  e l ec t rode :  placement h a s  been most f zcquen-  

t l y  d i s c u s s e d  by o t h e r  i n v e s t ' g a t o r s .  Examinat ion o f  a v e r a g e s  d u r i n g  

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

a v e r a g e s  ;<ere h i g h l y  c o r r e l a t e d .  P i l o t  work i n d i c a t e d  t h a t  t h e  C W  was 

l a r g e r  a f t e r  a n  i n i t i a l  s e t  o f  t r a i n i n g  t r i a l s ,  s o  a b lock  o f  unrecorded  

t r i a l s  p receded  each  a n a l y s e d  b lock .  Before  a n a l y s i s  each d a t a  p o i n t  

which had a  v a l u e  exceed ing  2 . 5  s t a n d a r d  d e v i a t i o n s  from t h e  mean f o r  

t h e  r e c o r d  w a s  r e p l a c e d  by t h e  mean v a l u e  o f  t h e  p reced ing  and 

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

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

B e f o r e  p l o t t i n g ,  t h e  d a t a  w a s  a l s o  c e n t e r e d  and r e s c a l e d .  S i n c e  

t h e  a v e r a g e r  i n t r o d u c e d  a  c o n s t a n t  DC b i a s  i n  each  r e c o r d ,  each s i x t e e n -  

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

f i f t y  p o i n t s  from a11 subsequen t  v a l u e s .  These f i r s t  f i f t y  p o i n t s  

covered t h e  f i r s t  second o f  each t r i a l  which provided a s l i i t a h l ~  ~ R S P ! ~ ~ P  

p e r i o d  bec?.use t h e  s u b j e c t  r e c e i v e d  no extei-nLil  s t i m u l a t i o n  d u r i n g  t : : i s  

p e r i o d .  Xf t e r  each  e x p e r i m e n t a l  s e s s i o n ,  c a l  i b r n t i o n  s i g n a l  :, o f  

2 0  m i c r o v o l t s  were passed  t h r o u g h  t h e  a m p l i f i e r s  and synchronously  

averaged .  -1 computer r o u t i n e  t h e n  used t h i s  d a t a  t o  c o n v e r t  

t h e  a r b i t r a r y  v a l u e s  o f  t h e  CNV a v e r a g e s  t o  a m i c r o v o l t  s c a l e .  The 

c e n t e r e d ,  r e s c a l e d  a v e r a g e  f o r  each  s u b j e c t  under  each c o n d i t i o n  i s  shown 

i n  Appendix A .  

The most i m p r e s s i v e  t h i n g  a b o u t  t h e s e m e r a g e s  i s  t h e i r  ext reme 

v a r i a b i l  i t y .  Evoked r e s p o n s e s  •’01 lowing Lhe s t i m u l i  a r e  a p p a r e n t ,  

b u t  t h e r e  i s  much more v a r i a t i o n  o f  smal l  amp1 i t u d e  t h a n  had 

been a n t i c i p c l t e d  from r e p o r t s  o f  CNV exper iments .  T h i s  made e f f e c t i v e  

d a t a  a n a l y s i s  r a t h e r  d i f f i c u l t .  The e x p e r i m e n t e r  had a n t i c i p a t e d  

gauging t h e  l e n g t h  o f  t h e  CNV by v i s u a l l y  examining t h e  d a t a  and 

de te rn l in ing  when t h e  n e g a t i v e  s h i f t  dropped t o  t h e  b a s e l i n e ,  I n  

f a c t ,  t h e  obse rved  v a r i a t i o n s  i n  p o t e n t i a l s  were so  g r e a t  a s  

t o  make such a  judgmcnt r a t h e r  a r b i t r a r y .  Four o f  t h e  s u b j e c t s  



seemed t o  show t h e  p r e d i c t e d  d i f f e r e n c e  and t h r e e  a d i f f e r e n c e  

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

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

A f i r s t  c l a r i f i c a t i o n  w a s  g a i n e d  by comput ing  d i f f e r e n c e s  

f o r  e a c h  s u b j e c t  between a v e r a g e s  f o r  C o n d i t i o n  A and C o n d i t i o n  0, 

r e s u l t i n g  i n  what  o n e  migh t  c a l l  a n e t  CNV d u e  t o  t h e  p r e s e n c e  

o f  f e e d b a c k  i n  C o n d i t i o n  B.  P l o t s  o f  t h e s e  d i f f e r e n c e  r e c o r d s  

are shown i n  Appendix  B .  I n  t h e s e  d i f f e r e n c e  r e c o r d s  one  f i n d s  

o n l y  two o f  t h e  t e n  s u b j i c t s  showing t h e  p r e d i c t e d  d i f f e r e n c e  i n  

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

t o n e  3000 m s  a f t e r  t h e  b e g i n n i n g  o f  t h e  r e c o r d .  However t h e r e  is  

a n e g a t i v e  s h i f t  p e a k i n g  some 200 m s  a f t e r  t h e  o n s e t  o f  t h e  t o n e  

i n  s i x  o f  t h e  t e n  d i f f e r e n c e  r e c o r d s .  T h i s  i s  much l i k e  

a CNV b u t  may i n d i c a t e  a n  a l t e r e d  r e s p o n s e  t o  t h e  t o n e  r a t h e r  

t h a n  a c t i v i t y  p r e c e d i n g  t h e  evoked r e s p o n s e .  T h i s  n e g a t i v e  peak 

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

t h e  a v e r a g e  d i f f e r e n c e  o v e r  s u b j e c t s  ( F i c u r e  7 )  and i n  t h e  f i r s t  

f a c t c r  o f  t h e  f a c t o r  a n a l y s i s  o f  t h e  d i f f e r e n c e  r e c o r d s  (Figur :>  7 )  

t o  be  d i s c u s s e d  la ter .  

The d i f f e r e n c e  r e c o r d s  i n  Appendix  B are  a l i t t l e  smoo the r  

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

enough t o  make them r e a d i l y  r e a d a b l e .  Examinat ion  o f  t h e  a v e r a g e s  

o v e r  s u b j e c t s  f o r  t h e  two n o - f e e d b a c k  c o n d i t i o n s ,  A and A ' ,  i n d i c a t - e d  

t h a t  t h e r e  was l i t t l e  d i f f e r e n c e  between them, s o  t h e y  were lumped 

t o g e t h e r  t o  form a c o r . p o s i t c  C o n d i t i o n  11 r e c o r d  ( F i g u r e  1). C o n d i t i o n  

B r e c o r d s  f o r  a l l  s u b j e c t s  were  a l s o  a v e r a g e d  t o g e t h e r  t o  form t h e  

c o m p o s i t e  r e c o r d  shown i n  F i g u r e  2 ,  and  F i g u r e  3 shows t h e  compos i t e  

of  t h e  d i f f e r e n c e  r e c o r d s .  Averag ing  o v e r  s u b j e c t s  i n  t h i s  way g a v e  

some improvement i n  t h e  i n t e r p r e t a b i l i t y  o f  t h e  d a t a ,  though t h e r e  

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

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

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

r e s p o n s e s  which i s  commonly o b s e r v e d  ( P e r r y  and C h i l d e r s  1969 1. 



Examina t ion  o f  F i g u r e s  1 t o  3 shows t h a t  t h e  c o m p o s i t e  CNV 

r ema ined  a b o v e  b a s e l i n e  a f t e r  t h e  evoked r e s p o n s e  t o  t h e  c l i c k  

( ~ t  a b o u t  2300 ms) i n  b o t h  t h e  c o n t r o l  ( F i g u r e  1) and  t h e  

f e e d b a c k  ( F i g u r e  2 )  c o n d i t i o n s ,  b u t  t h a t  t h e r e  was no  c o n s i s t e n t  

d i f f e r e n c e  be tween c o n d i t i o n s  u n t i l  a f t e r  t h e  t i m e  t h a t  t h e  t o n e  

w a s  p r e s e n t e d  (3000 ms). F i g u r e  2 a l s o  shows a p o s i t i v e  

p o t e n t i a l  f o l l o w i n g  t h e  a u d i t o r y  evoked r e s p o n s e  which  h a s  been 

n o t e d  by o t h e r  a u t h o r s  ( c . g .  Waszak a n d  O b r i s t  1 9 6 9 ) .  

The t e c h n i q u e  o f  a v e r a g i n ,  o v e r  s u b j e c t s  i s  commonly u s e d  b u t  

h a s  some p i t f a l l s ,  j u s t  as a v e r a g i n g  o v e r  t r i a l s  h a s  ( B r a z i e r  1964,  

Cooper  1 9 6 9 ) .  I t  i s  n o t  e a s y  t o  know i f  t h e  r e c o r d s  o b t a i n e d  are 

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

o f  a few s u b j e c t s  o b s c u r e  t h e  modal r e s p o n s e .  I n  o r d e r  t o  c l a r i f y  

t h i s  q u e s t i o n  i n  t h e  p r e s e n t  c a s e ,  a p r i n c i ~ ~ l  components  a n a l y s i s  

was done  o n  t h ~  c o v a r i a n c e  m a t r i x  o f  t h e  d i f f e r e n c e s  between 

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

s u b j e c t s  were t a k e n  as  t h e  v a r i a b l e s .  s o  t h a t  the f a r tmrs  a f t e r  

o r t h o g o n a l  r o t a t i o n  d e f i n c < l  c l a s s e s  o f  i n d i v i d u a l s  who had s imilar  

r e c o r d s .  P l o t s  o f  t h e  f a c t o r  s c o r e s  f o r  t h e  f i r s t  t h r e e  f a c t o r s  

of t h i s  a n a l y s i s  a f t e r  a v o r i r n ~ x  r o t a t i o n  a r e  shown i n  F i g u r e  7 

a n d  w i l l  be d i s c u s s e d  more t h o r o u g h l y  i n  a la ter  s e c t i o n  o f  t h i s  paper .  

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

r e s p o n s e  t y p e s  among t h e  s u b j e c t s .  
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F i g u r e  7 

A n a l y s i s  3: F a c t o r  Score  P l o t s  f o r  the F i r s t  

T h r e e  F a c t o r s  A f t e r  Rotation. The Graphs Begin 

A t  The Onset o f  t h e  V i s u a l  S t i m u l u s .  
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F i g u r e  8 

T h i r d  a n a l y s i s :  F a c t o r  l o a d i n g s  f o r  t i l e  t h r e e - f a c t o r  r o t a t i o n  

f o r  t h e  f a c t o r i n g  of d i f f e r e n c e  r e c o r d s .  A small 

II x - 1 1  i n d i c a t e s  a small l o a d i n g ,  a n  u n d e r l i n e d  "X", 

a large i o a d i n g .  



DISCUSSION 

p r e l i m i n a r y  O b s e r v a t i o n s  

Among t h e  r e s u l t s  found r e l i a b l y  i n  a l l  t h e  s u b j e c t s '  

r eco rds  were  t h e  r e s p 0 n s . s  evoked by t h e  s t i m u l i  p r e s e n t e d .  

T h e s e  evoked r e s p o n s e s  a p p e a r  i n  t h e  a v e r a g e s  o v e r  s u b j e c t s  and  i n  

t h e  i n d i v i d u a l  r e c o r d s  a l s o .  F i g u r e  4 may be h e l p f u l  i n  a n a l y s i n g  

t h e s e  r e c o r d s .  It  shows t h e  a v e r a ~ t - d  marke r  s i g n a l s  c o r r e s p o n d i n g  

w i t h  t h e  p r e s e n t a t i o n  o f  a l l  s t i m u l i  a n d  'with a l l  r e s p o n s e s  f o r  

o n e  s u b j e c t  d u r i n g  s i x t e e n  t r i a l s .  The o n s e t  o f  a marke r  s i g n a l  

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

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

o f  t h e  m a r k e r .  A s  o n e  c a n  see, t h e  s t i m u l i  ( v i s u a l  f i g u r e ,  c l i c k ,  

and  t o n e )  o c c u r r e d  a t  p o i n t s  marked 1000, 2000,  and 3000 on  t h e  

g r a p h s ,  c o r r e s p o n d i n g  w i t h  i n t e r v a l s  o f  o n e ,  two, and t h r e e  

s e c o n d s  f o l l o w l , ~ g  t h e  t r i g &  r i n g  of t h e  s i g n a l  a v e r a g e r .  I n  f i g u r e s  

1 a n d  2 o n e  c a n  sec t h e  r e s p o n s e  evoked by t h e  v i s u a l  s t i m u l i  w i t h  

a v e r y  p rominen t  p o s i t i v e  compclnent o c c u r r i n g  some 300 t o  430 

m i l l i s c c o n d s  a f t e r  t h e  o n s e t  o f  t h e  s t i m u l u s  ( a t  1000 ms) a n d  l a s t i n g  

200 t o  300 m s .  T h i s  p o s i t i v e  wave is  n o t  s o  n o t i c a b l e  i n  mJny CNV 

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

was r e q u i r e d .  S e v e r a l  i n v e s t i g a t o r s  ( J o h n  et g .  1967,  Kope l l  e t  a l .  -- 
1969 ,  Donchin 1970 ,  H i l l y a r d  1 9 6 9 ,  Donchin and  Smith 1970,  Donchin 

a n d  Cohen 1970)  have  o b s e r v e d  t h i s  p o ~ i t i v e  component of t h e  v i s u a l  

evoked r e s p o n s e  which h a s  v a r i o u s l y  been named t h e  s l o w  p o s i t i v e  

component (SPC) a n d  t h e  p 3  o r  P300 c o m p o ~ e n t ,  t h e  l a t t e r  b e c a u s e  o f  

i t s  p o l a r i t y  a n d  a p p r o x i m a t e  l a t e n c y  i n  m i l l i s e c o n d s .  The  same 

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

( S u t t o n  e t  a l .  1 9 6 7 ,  R i t t e r  g g .  1968,  S h e a t z  and  Chapman 1969 ,  

Vaughan g G. 1969).  Some i n v e s t ; j i a r o r s  h a v e  r e l a t e d  t h e  phenomenon 

t o  s t i m u l u s  p r e d i c t a b i l i t y  ( R i t t e r  e t  a l .  19681,  o t h e r s  t o  -- 
i n f o r m a t i o n  d e l i v c . r y  ( S u t t o n  e t  a l .  1967)  o r  t o  s t i m u l u s  s i g n i f i c a n c e  

(Vaughan -- e t  a l .  1 9 6 9 ) .  



T h e s e  s t u d i e s  show t h e  l a t e  p o s i t i v e  way o n l y  when s t i m u l i  a r e  

d e t e c t e d  and  when t h e y  a r e  n o t  t o t a l l y  p r e d i c a t a b l e .  The s t i m u l i  

i n  t h ~  p r e s e n t  e x p e r i m e n t  were  a l w a y s  d e t e c t a b l e  b u t  t h e i r  form was 

n o t  p r e d i c t a b l e  by t h e  s u b j e c t ,  s o  one  would e x p e c t  t o  f i n d  a 

p rominen t  l a t e  p o s i t i v e  wave f o l l o w i n g  t h e  v i s u a l  s t i r , u l u s .  

The f e e d b a c k  t o n e  was a l s o  u n p r e d i c t a b l e  f o r  t h e  s u b j e c t  

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

a n d  F i g u r e  2 i l l u s t r a t e s  t h e  l a r g e  l a t e  p o s i t i v e  component evokcd 

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

o t h e r  e x p e r i m e n t e r s  (Hernandez-Peon et e. 1956, Dav i s  1964, 

H a i d e r  -- e t  a l .  1 9 6 4 ) .  It i s  v e r y  i n t e r e s t i n g  t o  n o t e  t h a t  a l t h o u g h  

h a l f  t h e  s u b j e c t s  h e a r d  t h e  t o n e  i n  C o n d i t i o n  A ,  t h e r e  i s  a l m o s t  no 

i n d i c a t i o n  o f  a n  evoked r e s p o n s e  t o  t h e  t o n e  for  t h a t  c o n d i t i o n  

( F i g u r e  1, p o i n t s  3000 t o  3500)  w h i l e  t h e r e  i s  a v e r y  l a r g e  r e s p o n s e  

i n  C o n d i t i o n  B whe re  t h e  t o n e  had  s i g n i f i c a n c e  f o r  t h e  s u b j e c t s  

( F i g u r e  2 ,  3000 t o  3500) .  

A l a r g e  d i p h a s i c  r e s p o n s e  w i t h  a p o s i t i v e  p a k  a r o u n d  300 ms 

a f t e r  t h e  s t i m u l u s  o n s e t  i s  a l s o  found  f o l l o w i n g  t h e  c l i c k  t h a t  

a c t e d  as t h e  s i g n a l  f o r  t h e  r e s p o n s e .  This  s u g g e s t s  t h a t  t h e  irnpor- 

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

i s  most  c r u c i a l  f o r  t h e  g e n e r a t i o n  o f  t h e  s l o w  p o s i t i v e  wave, o r  

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

(Donchin a n d  Cohen 1 9 7 0 ) .  T h e  c l i c k  o c c u r r e d  on  e a c h  t r i a l  and  

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

E a r l i e r  components  o f  t h e  evoked  r e s p o n s e  are n o t  c l e a r l y  

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

o f  s o  few t r i a l s  as  t h e s e ,  p ~ r t l y  b e c a u s e  o f  l a t e n c y  d i f f e r e n c e s  be tween 

s u b j e c t s '  r e s p o n s e s  which t e n d e d  t o  o b l i t e r a t e  t h e  r e s p o n s e  i n  a v e r a g e s  

o v e r  s u b j e c t s .  Q u i t e  as i m p o r t a n t  i s  t h e  l i m i t e d  r e s o l u t i o n  p o s s i b l e  

w i t h  t h i s  d a t a  s a m p l i n g  ra te ,  Each p i e c e  o f  d a t a  i n  t h e s e  a v e r a g e s  

r e p r e s e n t s  t h ~ .  i n t e g r a t i o n  o f  2 0  m s  o f  EEG, w h i l e  e a r l y  components  

o f  t h e  evoked r e s p o n s e  l a s t  5 0  m s  o r  less .  T h i s ,  combined w i t h  l i m i -  

t a t i o n s  on  t h e  a c c u r a c y  o f  t h e  t i m e r s  u s e d ,  would make e a l l  y  evoked 

r e s p o n s e  components  v e r y  d i f f i c u l t  t o  r e c o v e r .  



The n e g a t i v e  s h i f t  o r  C N V  w 3 s  n o t  as  c o n s i s t e n t l y  o b s e r v e d  as  

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

r e s p o n s e  b e g i n n i n g  a t  a more n e y , a t i v e  p o t e n t i a l  t h a n  t h e  v i s u a l  evoked 

r e s p o n s e .  The  a v e r a g e  o v e r  s u b j e c t s  shows t h i s  c l e a r l y .  N e g a t i v e  

s h i f t s  o b s e r v e d  i n  t h i s  e x p e r i n e n t  are n o t  as  l a r g e  as  migh t  have  

been  e x p e c t e d  from o t h e r  e x p e r i m e n t s  s u c h  as  t h o s e  o f  I r ' a l t e r g  s. 
(19641,  I r w i n  -- e t  a l .  (19661,  ' d s l t e r  e t  a l .  ( 1 9 6 7 )  and  McAdan ( 1 9 6 9 ) .  -- 
Though t h e  r e a s o n s  f o r  t h i s  a r e  n o t  o b v i o u s ,  o n e  might  t h e o r i z e  

t h a t  s u b j e c t s  found t h e  c o n d i t i o n s  d i s t r a c t i n g  and t h u s  had smaller 

C N V s  (Tecce  and  S c h e f f  1969)  o r  t h a t  t h e  s u b j e c t s  were n o t  h i g h l y  m o t i u . t e d ,  

m o t i v a t i o n  b e i n g  r e l a t e d  t o  a m p l i t u d e  o f  CNV a c c o r d i n g  t o  some w o r k e r s  

( I r w i n  et 2. 1 9 6 8 ) .  

A p o s s i b l e  c o n c l u s i o n  f rom t h e  a v e r a g e s  o v e r  s u b j e c t s  ( F i g u r e s  

1-31  i s  t h a t  t h e  CNi' p e r s i s t e d  s o  l o n g  i n  t h e  f i r s t  c o n d i t i o n  t h a t  

d i f f e r e n c e s  bet:?een c o n d i t i o n s  were  g r e a t l y  a t t e n u a t e d .  H o ~ e v e r  

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

even showed c l e a r  C N V s .  The groccp nverege m 2 y  ~ c t  5e r e p r e s c , n i a t i v e  

o f  most  o f  t h e  s u b j e c t s '  r e s p o n s e s ;  i n  f a c t  i t  may c o v e r  up two o r  

more r e s p o n s e  t y p e s .  T h i s  i s  a l w a y s  a  s e r i o u s  problem i n  

evoked r e s p o n s e  work ,  where  a v e r a g e s  f o r  one i n d i v i d u a l  o f t e n  d i f f e r  

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

may g r e a t l y  r e d u c e  t h e  s i z e  o f  r e s p o n s e s  ave rdged  o v e r  s u b j e c t s .  

V a r i a t i o n s  i n  l a t e n c y  may be o b s e r v e d  i n  t h e  i n d i v i d u a l  r e c o r d s  shown 

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

o f  evoked r e s p o n s e s  i n  t h e  a v e r a g e s  o v e r  s u b j e c t s .  

J o h n  e t  a1. ( 1 9 6 4 )  d i s c u s s  t h i s  problem i n  some d e t a i l .  They 

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

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

t e c h n i q u e s  s u c h  as  f a c t o r  a n a l y s i s .  F u r t h c r  d i s c u s s i o n  i s  g i v e n  i n  

a n  a r t i c l e  by Donchin ( 1 9 6 9 ) .  F a c t o r  a n a l y s i s  o f  a v e r a g e d  EEG 

a n d  c o r t i c a l l y  r e c o r d e d  s i ~ n a l s  i s  i l l u s t r a t e d  by Freeman (19681 ,  

Ruchkin -- e t  al. (19641 ,  k n c h i n  e t  o l .  ( 1 9 7 2 )  and  i n  t h e  p a p e r  by J o h n  -- 
and  c o - w o r k e r ~  ment  i oncd  a b o v e .  



F a c t o r i n g  t h e  Data 

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

d a t a  m a t r i x .  The d a t a  m a ~ r j x  i n  t h i s  c a s e  was composed o f  t h e  

p a i r s  o f  ave raged  EEGs f o r  e a c h  s u b j e c t .  F a c t o r i n g  was done 

i n  an  a t t e m p t  t o  r e d u c e  t h e  number of d a t a  s e t s  r e q u i r e d  t o  

d e s c r i b e  t h e  o r i g i n a l  s e t  o f  ave raged  s i g n a l s .  S ince  t h e  f a c t o r i n g  

w a s  des igned  t o  f i n d  a  s e t  o f  t y p i c a l  s u b j e c t s ,  i t  cou ld  be c a l l e d  

n Q a n a l y s i s  w i t h  t h e  averaged  EEG r e c o r d s  t r e a t e d  a n a l o g o u s l y  t o  

t e s t  p r o f i l e s  i n  a p r o f i l e  a n a l y s i s  (Rulon -- e t  a l .  1967) ;  Q a n a l y s i s  

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

a d a t a  s e t .  

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

m a t r i x  o r  t h e  c o v a r i a n c e  ms t r ix  when working w i t h  evoked r e s p o n s e s  

( s e e  John e t  a l .  1964,  Bures  c t  a l .  1967) .  I f  t h e  form o f  a  s i g n 3 1  -- 
r e g a r d l e s s  o f  i t s  a m p l i t u d e  i s  o f  p r i n c i p a l  i n t e r e s t ,  t h e  c o r r e l a t i o n  

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

a l s o  i m p o r t a n t ,  the c o v a r i a n c r  n a t r i x  i s  more a p p r o p r i a t e .  I n  t h e  

p r e s c n t  e x p e r i m e n t ,  n a t u r a l  u n i t s  were a v a i l a b l e  becau>e tl:e 

f i r s t  second o f  EEG a c t i v i t y  on each  t r i a l  was recorded  an,' ave raged  

p r o v i d i n g  a  n a t u r a l  o r i g i n  f o r  subsequen t  d a t a .  !hen  d a t a  i s  i n  

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

some i n v a r i a n t  z e r o - p o i n t ,  t h e  p roduc t  moment o f  t h e  raw s c o r e  

m a t r i x  i s  most a p p r o p r i a t e  f o r  f a c t o r i n g  (see Hors t  1965, p109) .  

I t  was f e l t  a t  f i r s t  t h a t  t h e  v a r i a n c e  of  t h e  f i r s t  f i f t y  

p o i n t s  i n  e v e r y  r e c o r d  n i g h t  be a reasonable e x t i m a t e  o f  t i le  

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

a n a l y s i s  was done of t e r  r e s c a l  i n g  tht. c r o s s - p r o d u c t  m a t r i x  by t h c s e  

base1 i n e  v a r i a n c e s .  ' (  S t ~ n d n r d  d e v i a t i o n s  of  t h e  b a s e l i n e  d a t a  a r c  

g iven  i n  T a b l e  I f o r  r e f e r e n c e ) .  T h i s  weighted t h e  . a r i a b l e s  v e r y  

u n e q u a l l y  i n  t h e  a n a l y s i s  ( s e e  T a b l e  I1 f o r  t h e  c r o s s - p r o d u c t s  

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

d i f f i c u l t .  I t  was f e l t  t h ~ i  c c r t n i n  



p e c u l i a r i t i e s  i n  some o f  t l ~ e  b a s e l i n e  r c c o r d s  ( f o r  example t h e  ext reme 

v a l u e s  e a r l y  i n  t h e  r e c o r d s  o f  s u b j e c t  S .R. ,  Appendix A )  

made t h e s e  b a s e l i n e  v a r i a n c e s  poor  e s t i m a t e s  o f  t h e  e r r o r  

v a r i a n c e  i n  t h e  d a t a .  For t h i s  r e a s o n  a  second a n a l y s i s  was done u s i n g  

t h e  u n s c a l e d  mean c r o s s - p r o d u c t s .  The f a c t o r s  were r o t a t e d  

o r t h o g o n a l  l y  a c c o r d i n g  t o  t h e  va r imax  c r i t e r i a .  F a c t o r  l o a d i n g s  

f o r  t h e  va r imax  r o t a t i c n  o f  t h e  f i r s t  s i x  f a c t o r s  a r e  shown 

i n  T a b l e  3 .  

It  had been hoped t h a t  one  o r  more f a c t o r s  would 

c o r r e s p o n d  t o  t h e  t y p i c a l  v e c t o r s  f o r  C o n d i t i o n  B ,  t h e  

feedback  c o n d i t i o n ,  a f t e r  t h e  varirnax r o t a t i o n  was done.  So fa: 

a s  t h i s  r o t a t i o n  maximizes s i m p l e  s t r u c t u r e  (Thurs tone  1947) and 

s o  f a r  as  t h e  dLi ta  a r e  g e n e r a l l y  d i f f e r e n t  i n  c o n d i t i o n s  A and B ,  

t h e r e  shou ld  be one  o r  more f a c t o r s  t h a t  had h i g h  l o a d i n g s  on 

C o n d i t i o n  4 v a r i a b l e s  and low l o a d i n g s  on t h e  Condi t ion  B 

v a r i a b l e s ,  o r  v i c e  v e r s a .  Such a l o a d i n g  p a t t e r n  was n o t  

d i s c o v e r e d  ( s e e  T a b l e  3 ) .  The d a t a  v e c t o r s  ( v a r i a b l e s )  a r e  

e: t e r e d  by s u b j e c t ,  f i r s t  f o r  C o n d i t i o n  A ,  t h e n  f o r  Condi t ion  B ,  

s o  t h a t  some f a c t o r s  shou ld  show unifor in ly  h i g h  l o a d i n g s  on 

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

emerged. E i t h e r  t h e  r o t a t i o n  p rocedure  was i n a p p r o p r i a t e  

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

on t h e  two c o n d i t i o n s .  

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

p r o c e d u r e s ,  a n  a 1  t e n l a t e  approach  was t a k e n ,  s u g g e s t e ~ !  

p r e v i o u s l y  by John a_l. (1964)  and Ruchkin g.  (1964) .  

The averaged  s i g n a l  f o r  C o n d i t i o n  A was s u b t r a c t e d  from t h e  s i g n a l  

f o r  Condi t ion  B  f o r  each  s u b j e c t  a s  d e s c r i b e d  e a r l i e r .  These 

t e n  d i f f e r e n c e  v e c t o r s  were c r o s s - m u l t i p l i e d  t o  form a m a t r i x  

o f  mean c r o s s - p r o d u c t s  and f a c t o r e d  a s  d e s c r i b e d  above.  Random 

v a r i a b i l i t y  i s  r e J u c e d  as e f f e c t i v e l y  by s u ? ) t r a c t i n g  t h i s  way 

a s  by a d d i n g  o r  a v e r a g i n g  s i g n a l s  (Plagnussun 1966,  p 9 3 ) .  

A f a c t o r i n g  o f  t h i s  s o r t  c o u l d  be used t c  in< . i cn te  what 

r e s p  -rise t y p e s  w e n t  i n t o  t h e  .nesn d i f f e r e n c e  b.?t ween cond i t ion* ;  

sf,o\;n iil Fig:ire 3 .  



F a c t o r  l o a 2 i q s  f t j r  t h i s  a n a l y s i s  a r e  g iven  i n  Table  4 

and T a 5 l e  5 .  T a b l e  4 s m w s  t h e  u n m t c t e d  pr inc ipa !  cc::ipdnents, 

' ikble  5 t h e  v a r i m a s  r a t a t i o n  o f  t h e  f!.rst t h r e e  f a c t o r s .  T h i s  

number o? f a c ' i o r s  was a r r i v e d  a t  by lool-cing a t  t h e  e i g e n v n l ~ ~ s s  

o f  t h e  f a c t c r s  ( F i g u r e  5 ;  ar,d t h e  l r a r i a n c e s  i n c l u d e d  by d i f f e r e r ~ t  

n u x t e r s  o f  f a c t ~ r s  iFigu-ie 6 ) .  Looking st t h e  Grop i n  e i g e n v a l u e s  

a E t e r  t h e  t h i r d  f a c L o r  and s t n d y i n g  t h c  r o t a t e d  f a c t o r  s c o r e  p l . o t s ,  

t h e  t h r e e - f a c t o r  s o l u t i o r ,  m s  chosen .  The f i r s t  two f a c t o r s  

a c c o u n t  f o r  542 o f  t h e  v a r i a n c e ,  and as will be shown l a t e r ,  

d e m o n s t r a t e  most c f  t h e  a p p a r e n t  f e a t u r e s  i n  t h e  a v e r a g e  over  

s u b j e c t s  ( F i g u r e  3 ) .  To r s t a i r i  952 c f  t h e  v r r i a n c e ,  e i g h t  

f a c t o r s  .;:oulc! have been r e q ~ ~ i r c d ,  b u t  t h i s  i s  c i e a r l y  t o  

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

F a c t c r  s c o r e s  for t h e  t h r e e - f a c t o r  r o t a t i o n  a r e  p l o t t e d  

i n  F i g u r e  7. Thf-s f i g u r e  s'r:o~;s: 

1. A f i r s t  f a c t o r  t h a t  n ~ i g h c  be c o n s t r u e d  a s  a CW f a c t o r ,  

w i t h  a r i s e  from 2600 t o  3200 ms and a d e c l i n e  t o  1500 m.< a - t ~ r  t r i a l  

o n s e t ,  from j u s t  b e f o r e  t h e  o n s e t  o f  t h e  t o n e  t o  a b o u t  h a l f  a 

second a f t e l -  i t ;  

2 .  A second f a c t o r  w i t h  s c o r e s  showing a s h a r p  d i p  

between 3100 and  3600 ms, from t h e  end o f  t h e  evoked response  t o  

t h e  t o n e  u n t i l  s p p r o x i m a t e l y  400 m i l l i s a c o n d s  l a t e r ,  c o r r e s p o n d i n g  

t o  t h e  s low p o s i t i v e  component d i s c u s s e d  e a r l i e r ;  

3 .  A t h i r d  f a c t o r  t y p i f i e d  by a  long  s low i.ave peaking a t  

4000 ms. 

The p l c t  o f  f a c t o r  s c o r ~ s  f o r  F a c t o r  1 i n  F i g u r e  7 s u g g e s t s  

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

n e g a t i v i t y  d u r i n g  t h e  750 m s  p r e c e d i n g  t h e  second t o n e .  T h i s  

u L ~ d o u b t t d l y  c o r r e s p o n d s  w i t h  t h e  o b s e r v a t i o n  mad? p r e v i o u s l y  t h a t  

s i x  o f  t h e  t e n  s u b j e c t s  showed a g r e a t e r  v e r t e x  n e g a t i v i .  p o t e n t i a l  

j u s t  b e f o r e  ti-.e t o n e  under  C o n d i t i o n  B. 



The f a c t o r  s c o r e  p l o t  f o r  t h e  second  f a c t o r  i n d i c a t e s  

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

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

r e c o r d  ( F i g u r e  3  a t  3500 ms.) t h a n  was r e s p o n s i b l e  f o r  t h e  n e g a t i v e  

~ o t e n t i a l  p r e c e d i n g  t h e  t o n e  i n  t h a t  f i g u r e .  I n  o t h e r  words ,  

the s low p o s i t i v e  wave a f t e r  t h e  t o n e  d i d  n b  go w i t h  t h e  

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

was i n v o l v e d .  

The  p l o t  f o r  t h e  t h i r d  f a c t o r  shows a r a t h e r  l o n g  p e r i o d  

o f  r e l a t i v e  p o s i t i v e  p o t e n t i a l  a t  t h e  end  o f  t h e  t a s k ,  maximal 

a b o u t  4000 m s  a f t e r  t r i a l  o n s e t ,  a p p e a r i n g  i n  t h e  a v e r a g e s  o f  

F i g u r e s  2 a n d  3 as  w e l l  a: i n  F i g u r e  7. T h i s  p o s t - f e ( > d b n c k  

p o s i t i v i t y  i s  most  t y p i c a l  o f  y e t  a t h i r d  s u b s e t  o f  s u b j e c t s .  

Though t h e  g r o u p s  o f  s u b j e c t .  c o n t r i b u t i n g  to e a c h  f a c t o r  

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

s u b j e c t s ,  a n d  was domina ted  by t h e  r e c o r d  o f  a s i n g l e  s u b j e c t .  

F i p r e  8 d p  n s t r a t e s  t h e  cx:.>nt tz ~ h L c h  5i~p:e s i r u ~ L u r e  was 

a t t a i n e d  w i t h  t h e  t h r e e  r o t a t e d  f a c t o r s .  

To summarize ,  t h e n ,  i t  was p o s s i b l e  t o  f a c t o r  t h e  s u b j e c t s '  

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

f e a t u r e s  a p p a r e n t  i n  t h e  aver:.ge o f  d i f f e r e n c e s  between t h e  e x p e r -  

i m e n t a l  c o n d i t i o n s .  The f i r s t  f a c t o r  p r o f i l e  showed a rise i n  

n e g a t i v e  p o t e n t i a l  j u s t  b e f o r e  t h e  o n s e t  o f  t h e  f eedback  t o n e .  

T h i s  i s  similar i n  s h a p e  t o  t h e  r e s p o n s e  p r i o r  t o  t h e  second  

t o n e  i n  t h e  e x p e r i m e n t  o f  D e l s e  c t  a l .  (1972) and  t o  t h e  "CNV" of  McAdam 

and  Rubin (1972) as w e l l  a s  t h e  r e a d i n e s s  p o t e n t i a l  o f  Kornhuber and  

Dcfke (1965) .  The o t h e r  two f a c t o r s  showed r e s p e c t i v e l y  a l a t e  

p o s i t i v c  r e s p o n s e  a f t e r  t h e  t o n e  and  a s l o ~  p o s i t i v e  p o t e n t i a l  

o n e  second  a f t e r  t h e  t o n e .  T h i s  f a c t o r i n g  o f  r e s p o n s e  t y p e s  s u g g e s t s  

t h a t  e x t e n s i v e  c o r ~ c l u s i o n s  s h o u l ~  n o t  be based  solely on t h e  

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

d i f f e r e n t l y .  



V a r i a b i l i t y  ! < i t h i n  S u b j e c t s :  The  N o i s e  P rob lem 

To examine  v a r i a b i l i t y  a p p a r e n t  i n  t h e  raw a v e r a g e s ,  t h e  d a t a  

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

d i v i d u a l  s u b j e c t s .  A n o t h e r  s i z a b l e  s o u r c e  o f  v a r i a b i l i t y  was w i t h i n  

t h e  r e c o r d s  o f  i n d i v i d u a l  s u b j e c t s .  T h i s  v a r i a b i l i t y  s h o u l d  n o t  be s u r -  

p r i s i n g  a t  a l l ,  r e a l l y ;  s i g n a l  a v e r a g i n g  was used  t o  r e d u c e  it i n  t h e  

f i r s t  p l a c e .  

Changes i n  t h e  EEG d u e  t o  e x t e r n a l  s t i m u l a t i o n  o f  t h e  o r g a n i s m  

may be  t h o u g h t  o f  as s i g n a l s  supe r imposed  on t h e  o n g o i n g  a c t i v i t y  

which t e n d s  t o  mask t h c  . To t h e  e x t e n t  t h a t  t h i s  a c t i v i t y  is 

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

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

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

A similar s i t u a t i o n  o c c u r s  i n  p s y c h o l o g i c a l  t e s t i n g  where e r r o r  i n  

measurement c o n t r i b u t e s  "no i se"  t o  t h e  s u b j e c t ' s  t r u e  r e s p o n s e  ( t h e  

" s i g n a l " ) .  The r e l a t i o n  be tween r e l i a b i l i t y  i n  psychz!cgics! testing 

and  t h e  s i g n a l - t o - n o i s e  r a t i o  i n  s i g n a l  d e t e c t i o n  t h e o r y  h a s  been 

d i s c u s s e d  by Chronbach and  G l e s e r  ( 1 9 6 4 )  who d e m o n s t r a t e  t h a t  t h e  

s i g n a l - t o - n o i s e  r a t i o  = r / ( l - r ) ,  where  r i s  t h e  s p e c i f i c  r e l i a b i l i t y  

o f  t h e  t e s t .  With t h i s  i n  mind ,  some estimates were made o f  t h e  

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

I t  w i l l  be remembered t h a t  t h e  second  s i x t e e n  t r i a l s  u n d e r  e a c h  

e x p e r i m e n t a l  c o n d i t i o n  were  a n a l y s e d .  F o r  o n e  o f  t h e  s u b j e c t s  

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

The  c o r r e l a t i o n  be tween b l o c k s  o f  t r i a l s  was .51, c o r r e s p o n d i n g  t o  

a s i g n a l - t o - n o i s e  r a t i o  o f  o n e - t o - o n e .  T h i s  i s  p r o b a b l y  a low estimate 

o f  r e l i a b i l i t y  b e c a u s e ,  a s  men t ioned  e a r l i e r ,  p i l o t  work had 

i n d i c a t e d  t h a t  t h e r e  was a n  i n c r e a s e  i n  t h e  s i z e  of t h e  CNV o v e r  t r i a l s .  

F o r  a b e t t e r  e s t i m a t e  o f  r e l i a b i l i t y ,  t h e  d a t a  f o r  t h r e e  s e t s  o f  

t h i r t y - t w o  t r i a l s  were  r e t r i e v e d  f rom t h e  o r i g i n a l  d a t a  t a p e  

and a l t e r n a t e  t r i a l s  a v e r a g e d  f o r  b o t h  odd a n d  even numbered t r i a l s .  



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

odd and even  i t e m s  on  a p s y c h o l o g i c a l  t e s t ,  f rom which s p l i t - h a l f  r e l i -  

a b i l i t i e s  c a n  be computed.  S i n c e  e a c h  a v e r a g e  c o n s i s t e d  o f  

s i x t e e n  t r i a l s ,  however ,  i t  w a s  n o t  n e c e s s a r y  t o  " s t e p  up" t h e  

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

c o e f f i c i e n t s  computed i n  t h i s  way were  .78, . 64 ,  and .62, g i v i n g  

estimates o f  s i g n a l - t o - n o i s e - r a t i o  f rom 1.6 t o  3 . 8  f o r  t h e  s i x t e e n -  

t r ia l  b l o c k s  i n  t h i s  e x p e r i m e n t .  F o r t y  t o  s i x t y  p e r c e n t  of t h e  v a r i a n c e  

i n  t h e  r e c o r d s  was r e l i a b l e .  

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

been o b t a i n e d  i n  t h i s  e x p e r i m e n t  c a n  be found by u s i n g  t h e  v a r i a n c e  

o f  t h e  b a s e l i n e  d a t a  a s  a n  estimate o f  e r r o r  v a r i a n c e  and t h e  mean 

s q u a r e  o f  t h e  f o l l o w i n g  d a t a  as a n  estimate of t r u e  a n d  e r r o r  

v a r i a n c e  lumped t o g e t h e r .  Such r e l i a b i l i t y  e s t i m a t e s  were computed 

f o r  e a c h  s u b j e c t .  The mean e s t i m a t e  was . 8 3 ,  w i t h  a s t a n d a r d  

d e v i a t i o n  of  .15 f o r  t h e  set o f  estimates. The h igh  mean v a l u e  

may r e f l e c t  t h e  a s s u m p t i o n  t h a t  u n r e p l i c a b l e  EEC t r s r l ah i ! i ty  

r e m a i n s  a b o u t  t h e  same t h r o u g h o u t  e a c h  t r i a l .  There  are i n d i c a t i o n s  

t h a t  t h i s  i s  n o t  t r u e .  E l u l  (1968)  shows t h a t  t h e  a m p l i t u d e s  

o f  EEG s i g n a l s  a r e  d i s t r i b u t e d  d i f f e r e n t l y  d u r i n g  p r o b l e m - s o l v i n g  and  

r e s t i n g  p e r i o d s ,  a n d  H o r v a t h  (1969) f i n d s  t h a t  a n  e a r l y  r e s p o n s e  evoked 

i n  t h e  c o r t e x  o f  c a t s  i s  more v a r i a b l e  ne  r i t s  peak t b n  a t  o t h e r  t i m e s .  

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

would be t o  f i n d  t h e  c o r r e l a t i o n s  between C o n d i t i o n  A and  C o n d i t i o n  

B r e c o r d s  f o r  e a c h  s u b j e c t  f rom t h e  end  o f  t h e  b a s e l i n e  p e r i o d  

u n t i l  t h e  o n s e t  o f  t h e  t o n e .  T h i s  i s  d e f e n s i b l e  because  t h e r e  was 

i n  g e n e r a l  l i t t l e  d i f f e r e n c e  be tween r e s p o n s e s  f o r  t h e  two c o n d i t i o n s  

u n t i l  a f t e r  t h e  t o n e  was p r e s e n t e d .  R e l i a b i l i t i e s  c a l c u l a t e d  t h i s  way 

s h o u l d  be good estimates f o r  o t k r  CNV e x p e r i m e n t s  e x c e p t  t h a t  t h e y  

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

h e r e .  The mean o f  t e n  c o e f f i c i e n t s  o b t a i n e d  i n  t h i s  way was .69 

and t h e  s t a n d a r d  d e v i a t i o n  was . 3 1 .  I f  the  o n e  n e g a t i v e  c o e f f i c i e n t  

w a s  ommi t t ed ,  t h e  mean was . 78  and t h e  s t a n d a r d  d e v i a t i o n  was .14. 



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

o f  t h e s e  a \ - e r a g e s .  One o b v i o u s  f a c t o r  i s  s i g n a l  s i z e .  S e v e r a l  

o t h e r  i n v e s t i g a t o r s  ha\.e r e p o r t e a  CNVs o f  t h e  same g e n e r a l  s i z e  

as found i n  t h i s  exper iment .  H i l l y a r d  a n d  Galambos ( 1 9 7 0 )  f o r  example ,  

show CNVs o f  a b o u t  13 m i c r o v o l t s  when eye  novements were w e l l - c o n t r o l l e d  

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

compares w i t h  a b o u t  8 m i c r o v o l t s  p r i o r  t o  t h e  response  cue  

and a b o u t  6 m i c r o v o l t s  p r i o r  t o  t h e  t o n e  i n  t h e  p r e s e n t  exper iment .  

Some i n \ . e s t i g a t o r s  r e p o r t  CNV a m p l i t u d e s  a s  h igh  a s  2 0  m i c r o v o l t s ,  

b u t  i t  i s  n o t  c l e a r  t h a t  t k e s e  are mean v a l u e s  f o r  a n  u n s e l e c t e d  

group o f  s u b j e c t s .  

Another  f a c t o r  a f f e c t i n g  r e l i a b i l i i y  i s  t h e  number o f  t r i a l s .  

While 1 6  t r i a l s  i s  n o t  a low number f o r  CNV work, evoked r e s p o n s e  

s t u d i e s  o f t e n  a v e r a g e  50 t o  150 r e s p o n s e s ,  g r e a t l y  i n c r e a s i n g  s i g n a l -  

t o - n o i s e  r a t i o s  i n  t h e  a v e r a g e s .  Going from 1 6  t o  128 t r i a l s ,  f o r  

example,  would i n c r e a s e  t h e  s i g n a l - t o - n o i s e  r a t i  by a f a c t o r  o f  2 .8 .  

Some e x p e r  mente r s  show r e c o r d s  a!>parent ly  averaged e v e r  -;tr.. J 

few t r i a l s  which seem v e r y  f r e e  o f  "noise" .  T h i s  i s  p a r t l y  due  

t o  t h e  s c a l i n g  o f  f i g u r s s  i n  t h e  j o u r n a l s ,  b u t  a l s o  due i n  c e r t a i n  

c a s e s  to t h e  u s e  o f  smootning p r o c e d u r e s  used i n  t h e  d a t a  a n a l y s i s .  

These p r o c e d u r e s  a r e  o f t e n  q u i t e  d e f e n s i b l e ,  depending on t h e  

f requency  r a n g e  o f  t h e  s i g n a l s  o f  i n t e r e s t  and t h e  bandpass o f  

t h e  amp1 i f  i e r s .  

Smoothing r o u t i n e s  have tht3 same e f f e c t  a s  a n a l o g  f i l t e r i n g  a t  

t h e  p r e a m p l i f i e r s ,  e x c e p t  that t h e y  reduce  machine-generated n o i s e  

as w e l l  a s  unwanted EEG o r  e l e c t r o d e  n o i s e ;  t h e i r  e f f e c t  i s  t o  

lower  t h e  mximum f requency  r e s p o n s e  01 t h e  d a t a  a n a l y s i s  sys tem.  

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

EEG \cork ( s e e  P e r r y  and C h i l d e r s  1 9 6 9 ) .  By reduc ing  t h e  range  of f r e -  

q u e n c i e s  p a s s e d  by :he a m p l i f i e r s ,  one  i s  a b l e  t o  e x c l u d e  a l a r g e  

p r t i o n  of  t h e  "no i se"spec t rum,  t h u s  g r e a t l y  improving t h e  s i g n a l - t d -  

n o i s e  r a t i o .  I n  t h i s  exper iment  t h e  EEG cou ld  have been f i l t e r e d  



t o  e l i m i n a t e  t h e  h i g h  f r e q t ~ c n c i e s ,  down t o  pe rhaps  t e n  c y c l e s  

p e r  second.  S i n c e  most of t h e  e n e r g y  o f  t h e  waking EEG l i e s  betrzeen 

t e n  and f i f t y  c y c l e s  p e r  second ,  t h i s  would g r e a t l y  r educe  t h e  

"no i se"  e n e r g y  i n  t h e  a v e r a g e s .  The same t h i n g  cou ld  be done 

d i g i t a l l y ,  a s  ment ioned above.  The problem i s  t h a t  such d r a s t i c  

low-pass  f i l t e r i n g  cou ld  d e c r e a s e  t h e  ampl i tude  o f  t h e  evoked 

r e s p o n s e ,  i n c r e a s e  i t s  l a t e n c y ,  and a l t e r  i t s  waveform. P o s s i b l e  

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

i n  any f i l t e r i n g  sys tem,  a n a l o g  o r  d i g i t a l ,  

Another  s o u r c e  o f  n o i s e  i n  t h e  EEG i s  muscle p o t e n t i a l s .  

These can be reduced by f i l t e r i n g  and a l s o  b) r educ ing  t h e  

e x t e n t  of c h r o n i c  muscle  t e n s i o n  i n  t h e  s u b j e c t .  I n  t h e  p r e s e n t  

exper iment  a t t e m p t s  were made t o  l i m i t  t h e  e x t e n t  o f  muscle  p o t e n t i a l  

a r t i f a c t s .  I n  a d d i t i o n  t o  c o n t i n u o u s  n lon i to r ing  o f  t h e  EEG, 

c a r e  was t a k e n  t o  s e e  t h a t  t h e  s u b j e c t s  were a b l e  t o  s e e  t h e  s t i m u l i  

w i t h o u t  t e n s i n g  t h e i r  neck musc les .  A p i l l o w  was used t o  s u p p o r t  

t h e  head and t h e  s u b j e c t  was r e - p o s  i t  ioned whf-never exce, 55-:c 

muscle  a c t i v i t y  :?peared i n  t h e  EEC. X t  i s  p o s s i b l e  t h a t  muscle 

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

t h e  EEG, b u t  c a r e  was t a k e n  t o  e l i m i n a t e  them. 

F i n a l l y  t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  AC n o i s e  from t h e  power 

l i n e s  g o t  i n t o  t h e  r e c o r d s .  Much a t t e n t i o n  was given t o  s h i e l d i n g  

t h e  equipment and t h e  s u b j e c t  from s t r a y  f i e l d s  and 60 IIz no tch  

f i l t e r s  were p l a c e d  bett:tizn t h e  a m p l i f i e r s  and t h e  s i g n a l  o v e r a g e r ,  

s o  t h i s  shou ld  n o t  have  been a problem. 

I t  t h e r e f o r e  appea r s  t h a t  w i t h  t h e  p r e s e n t  e l e c t r o d e  and amp1 i f i e r  

sys tem t h e  s i g n a l - t o - n o i s e  r a t i o  c o u l d  have been r c i u c e d  o n l y  by 

a n  i n c r e a s e  i n  t h e  number o f  t r i a l s  p e r  a v e r a g e  o r  by more smoothing 

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



E l e c t r i c a l  S o u r c e s  o f  t h e  CNV 

The CNV, when o b s e r v e d ,  may be t h e  r e s u l t  o f  o n e  o r  more 

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

a n y  o n e  o f  t h e s e  nay be p r i n c i p ? . l l y  r e s p o n s i b l e  f o r  an o b s e r v e d  

n e g a t i v e  s h i f t  a t  t h e  s c a l p .  An a t t e m p t  w i l l  be made h e r e  t o  

enumera t e  t h e  p o s s i b l e  s o u r c e s  and assess t h e i r  impor t ance  i n  t h e  

p r e s e n t  e x p e r i m e n t .  

H i l l y a r d  and  Galambos (1970) and  S u r n i l l o  (1971) h3\ve 

d i s c u s s e d  t h e  e f f e c t s  o f  e y e  movements on  CNV r e c o r d s .  The e y e  f o r m s  

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

t h e  c o r n e a .  T h i s  means t h a t  when a s u b j e c t  l o o k s  down, a n y  s c a l p  

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

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

P o t e n t i a l  c h a n g e s  d u e  t o  e y e  mo.,.- . :~ents a r e  l a r g e s t  a t  l o c a t i o n s  n e a r e s t  

t o  t h e  e y e s ,  w i t h  f r o n t a l  e l e c t r o d e s  showing much l a r g e r  eye-movement 

a r t i f a c t s  t h a n  o c c i p i t a l  e l e c t r o d e s  when m a s t o i d  r e f e r e n c e s  are 

u s e d .  Eye  movements themselves may be mnn+t-nrcd v i t k  e!ectrzc!cs 

p l a c e d  n e a r  t h e  e y e s .  P e t e r s  (1971) has b r i e f l y  r ev iewed  a p p l i c a t i o n s  

o f  t h i s  t e c h n i q u e .  

S e v e r a l  methods  f o r  c o n t r o l l i n g  e y e  movement a r t i f a c t s  

i n  CNV experiments h a v e  been s u g g e s t e d .  One method found 

q u i t e  e f f e c t i v e  by H i l l y a r d  and Galambos (1970) was e y e  f i x a t i o n ,  

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

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

e l e c t r o d e  r e f e r e n c e d  t o  t h e  m a s t o i d s  would have  made i n d e p e n d e n t  

a v e r a g i n g  o f  e y e  movements p o s s i b l e .  T h i s  would have  been 

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

c o r r e l a t e d  w i t h  v e r t e x  s i g n a l s  and  b e c a u s e  Wasman et g . ( 1 9 7 0 )  have 

found e v i d e n c e  o f  i n t e r a c t i o n s  be tween C N V s  and e l e c t r o - o c u l o g r a m s  

i n  s u b j e c L s  who were  supposed  t o  be f i x a t i n g  t h e i r  e y e s .  



I t  i s  g e n e r a l l y  assumed t h a t  e l e c t r i c a l  a c t i v i t y  a t  t h e  s c a l p  

i s  g e n e r a t e d  i n  t h e  c e r e b r a l  c o r t e x .  Vaughan (1969) rev iews  

some of  t h e  e v i d e n c e  f o r  t h i s  a s sumpt ion .  Z t  seems l i k e l y  t h a t  

c o r t i c a l  a c t i v i t y  can be measured a t  t h e  s c a l p ,  but  t h e  more b a s i c  

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

i s  s t i l l  be ing  answered (Landsu 1967, Thompson 1970) .  T h e o r e t i c a l  

models have u s u a l l y  been based on t h e  n o t i o n  o f  a d i p o l e  g e n e r a t o r  

imbedded i n  a u n i f o r m l y  c o n d u c t i n g  msdium (Shaw and Ross 1955) .  A 

r e c e n t  d i s c u s s i o n  by Humphrey (1968)  f o r  example,  d e r i v e s  t h e  

a n t i d r o m i c  evoked response  i n  pyramidal  c e l l s  by c o n s i d e r i n g  a n  

i d e a l i z e d  pyramidal  c e l l  w i t h i n  a  u r ; f o r m l y  conduc t ing  medium. 

Recording e l e c t r o d e s  would d e t e c t  t h e  f i e l d  s e t  up i n  t h i s  conduc to r  

from a f low o f  c u r r e n t  from a p i c a l  d e n d r i t e s  o f  t h e  c e l l s  t o  t h e i r  

somata.  Reduced c u r r e n t  f low from t h e  d e n d r i t e s  d u r i n g  i n h i b i t o r y  

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

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

Another  p o s s i b i l i t v  d iscus .c ,  3 by C r ~ 1 1 t 7 f e l  Clt -- e t  91. ( 1 9 4 6 ~ )  

and Amasc,ian e t  a 1  . (1964)  i s  t h a t  a n e g a t i v e  wave cou ld  be g e n e r a t e d  

by d e n d r i t i c  s p i k e s  t r a v e l l i n g  toward t h e  s u r f a c e .  O t h e r s  (OILeary  

and G o l d r i n g  1964)  have d i s c u s s e d  t h e  p o s s i b i l i t y  t h a t  s u r f a c e  n e g a t i v i t y  

cou ld  r e s u l t  from p r e s y n a p t t c  i n h i b i t i o n ,  presumably n e a r  t h e  c o r t i c a l  

s u r f a c e .  

None o f  t h e s e  t h e o r e t i c a l  s u g g e s t i o n s  ha s  been t o t a l l y  proven.  

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

p o t e n t i a l s  ( C l a r e  and Bishop 1956, Verzeano and Calma 1954) were n o t  

e n t i r e l y  c o n c l u s i v e  a l t h o u g h  t h i s  and some r e c e n t  work ( F r o m  and Bond 

1964, 1967) g e n e r a l l y  Zound s p i k e  a c t i v i t y  t o  be maximal 

n e a r  t h e  p o s i t i v e  peaks  o f  s u r f a c e  r e c o r d s  ( s e e  a l s o  P a t t a n  and Amassian 

1960) .  C r e u t z f e l d t  e t  a l .  (1966a ,b )  found s u r f a c e - n e g a t i v e  p o t e n t i a l s  

and c e l l u l a r  d c p o l a r i z a t i o n  c l o s e l y  r e l a t e d  t o  r esponses  evoked 

by e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  thalamus and t o  spontaneous  s u r f a c e  

waves a s  we1 1 .  



These  r a t h e r  c o n f l i c t i n g  r e s u l t s  are  i n  c o n t r a s t  w i t h  s t r a i g h t -  

f o r e w a r d  f i n d i n g s  o b t a i n e d  more r e c e n t l y  by averaging s i g n a l s  

from metal m i c r o e l e c t r o d e s  i n  t h e  b r a i n s  o f  u n a n e s t h e t i z e d  a n i m a l s .  

T h e r e  seems t o  be  a h i g h  c o r r e l a t i o n  be tween l o c a l  evoked r e s p o n s e s  

r e c o r d e d  by t h e s e  e l e c t r o d e s  and t h e  p r o b a b i l i t y  o f  s p i k e  a c t i v i t y  

r e c o r d e d  by t h e  same e l e c t r o d c s ,  r e g a r d l e s s  o f  t h e i r  d e p t h  o r  

l o c a t i o n  (Fox  and O 'Br i en  1965 ,  J o h n  and biorgades 1969) .  Fiost 

s t u d i e s  f i n d  a s t r o n g  r e l a t i o n  be tween s p i k e  p r o b a b i l i t y  and  t h e  

n e g a t i v e  s l o p e  o f  t h e  evoked r e s p o n s e  ( D i l l  e t  a l .  1968 ,  S e r z e a n o  e t  a l .  -- 
1968,  FOX a n d  N o m n  1968,  Thompson e t  a 1  . 1969 ,  Weinberger  1 9 6 9 ) .  -- 
It  t h e r e f o r e  l o o k s  as  i f  t h e  f i r i n g  o f  n e u r o n s  c a u s e s  e x t r a c e l l u l a r  

r e g i o n s  n e a r  them t o  beccme b r i e f l y  more n e g a t i v e ,  as  migh t  be e x p e c t e d  

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

(Hodgkin 1964 ,  E c c l e s ,  1957) .  However, i t  i s  s t i l l  i m p o s s i b l e  t o  predict 

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

n o t i o n  o f  t h e  number of c e l l s  f i r i n g ,  t h e i r  l o c a t i o n ,  and  t h e i r  

o r i e n t a t i o n  w i t h  r e s p e c t  t o  t h e  e l e c t r o d e .  

I t  i s  alto becoming i n c r e a s i n g l y  a p p c r e n t  tha t  a n y  comple t e  

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

must  i n c l u d e  a d e s c r i p t i o n  o f  g l i a l  c e l l  a c t i v i t y .  I t  was p o i n t e d  

o u t  s e v e r a l  y e a r s  a g o  (Galombos 1961)  t h a t  a comple t e  t h e o r y  o f  b r a i n  

f u n c t i o n  would h a v e  t o  i n c l u d e  g l i a l  a c t i v i t y .  Recent  r e v i e w s  

( K u f f l e r  1967 ,  L a s a n s k i  1971)  i n d i c a t e  t h e  e x t e n t  of c u r r e n t  r e s e a r c h  

on  t h e  f u n c t i o n s  o f  g l i a l  c e l l s .  Kork w i t h  t i s s u e  c u l t u r e s  

( H i l d  and  T a s a k i  1962)  a n d  a m p h i b i a n s  ( K u f f l e r s  G. 1966,  

Orkand et 2. 1966)  h a v e  shown t h a t  g f i a l  c e l l s  a r e  p a s s i v e l y  r e s p o n -  

s i v e  t o  e x t e r n a l  f l u i d  c o m p o s i t i o n ,  p a r t i c u l a r l y  p o t a s s i u m  i o n  concen-  

t r a t i o n ,  which r e c e n t  work i n d i c a t e s  may i n  t u r n  c o n t r o l  t h e  r a t e  

o f  g l i a l  p r o t e i n  s y n t h e s i s  ( T a k a h a s h i  e t  a l .  1970) .  O t h e r  w o r k e r s  -- 
(Henn and  Hamburger 1971)  f i n d  a p o s s i b l e  r o l e  f o r  g l i a l  c e l l s  

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



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

s u s t a i n e d  p o t e n t i a l  s h i f t s  have  been  a n a l y s e d  by s e v e r a l  w o r k e r s .  

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

as  opposed  t o  t h e  n e u r o n s  which a r e  e l e c t r i c a l l y  i s o l a t e d .  The 

a f f i n i t y  o f  t h e  g l i a l  "compartment" (Adey 1970)  f o r  p o t a s s i u m  i o n s  
+ 

h a s  l e d  t o  t h e  s u g ~ e s t i o n  t h a t  u p t "  2 o f  K by g l i a  nay be r e s p o n s i b l e  

f o r  t h e  be t a -wave  o f  t h e  e l e c t r o z  ogram ( M i l l e r  and  Dowling 1 9 7 0 ) ,  

t h e  s low p o s i t i v e  wave o f  t : , e  c e r e b e l l a r  evoked r e s p o n s e  ( E c c l e s  

a aJ.19691, p a r t  o f  t h e  e x c i t a b i l i t y  c y c l e  i n  s e i z u r e  a c t i v i t y  

( S y p e r t  and  Vard 19711,  and  s l o w  p o t e n t i l l  s h i f t s ,  Some w o r k e r s  f i n d  

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

p o t e n t i a l s  ( C a s t e l l u c h i  and  G o l d r i n g  1970,  Cohen 1970,  Somjen 19701,  

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

s l o w  p o t e n t i a l  s u r f a c e  r e c o r d s  (Grossman e t  a l .  1969) .  -- 
A n o t h e r  l i n e  o f  e v i d e n c e  i s  p r o v i d e d  by r e c e n t  s t u d i e s  o f  p y r a m i d a l  

t r a c t  n e u r o n s  a n d  c o n d i t i o n e d  movement i n  a n i m a l s  ( E v a r t s  1966,  1968 ,  

Hump:;rey e t  a l .  1970)  which h . 1 ~ ~  shown t b t  pyrzmir)~!  n o t s r  

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

i n  monkeys. When f o r c e f u l  r e s p o n s e s  were  r e q u i r e d  of t h e  monkeys, 

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

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

e . e r t e d  ( E v a r t s  1 9 6 8 ) .  The e a s e  w i t h  which u n i t s  may be found whose 

f i r i n g  i s  r e l a t e d  t o  movetnents (I lunphrev e t  a1 1970) s u g g e s t s  t h a t  a 

v e r y  l a r g e  number o f  c e l l s  i n  t h e  : ) t o r  c o r t e x  a r e  i n v o l v e d  

i n  any  g r o s s  movement. S i n c e  a n  a v e r a g e  n e g a t i v e  p o t e n t i a l  

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

(Kornhuber  a n d  Deeke 1965, G i l d e n  -- e t  a l .  1966)  i t  seems v e r y  l i k e l y  

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

i n  t h e  a v e r a g e d  LEG.  One c o u l d  t e s t  t h i s  h y p o t h e s i s  i n d i r e c t l y  by 

l o o k i n g  a t  t h e  moto r  p o t e n t i a l  (Dereitschaftspotential) when r e s p o n s e s  

o f  v a r i o u s  s t r en : ; t h s  a r e  r e q u i r e d .  The l a r g e r  t h e  f o r c e  e x e r t e d ,  

t h e  g r e a t e r  t h e  a m p l i t u d e  o f  t h e  moto r  p o t . * n t i a l  s h o u l d  be i f  

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



I t  i s  i m p o r t a n t  t o  remember, however,  t h a t  c o r t i c a l  u n i t  

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

o f  p o t e n t i a l  changes  a t  t h e  s c a l p .  O t h e r  p h y s i o l o g i c a l  p r o c e s s e s ,  

p a r t i c u l a r l y  muscle  a c t i v i t y ,  might  be invo lved .  Some evoked 

r e s p o n s e s  o r  components o f  evoked r e s p o n s e s  are caused  by c o n t r a c t i o n s  

o f  e i t h e r  c r a n i a l  o r  neck musc les  a c c o r d i n g  t o  t h e  r e p o r t s  o f  

B i c k f o r d  -- e t  a l .  ( 1 9 6 4 ) ,  Davis -- e t  a l .  (19641 ,  Nas t  (19651, and Kern 

e t  21. ( 1 9 6 9 ) .  Muscle a c t i v i t y  c a n  be  recorded i n  t h e  absence  of -- 
o v e r t  movement (Watson 1930, McGuigan l 9 7 0 j ,  as when s u b j e c t s  a r e  

" t h i n k i n g "  o r  r e a d i n g  t o  themse lves .  Although muscle a c t i v i t y  

h a s  r a r e l y  been c o n s i d e r e d  as a p o s s i b l e  cont : ibutor  t o  s low 

p o t e n t i a l  changes ,  s e v e r a l  musc les  ( f o r  example t h e  temporal  musc le ,  

t h e  s t e r n o r x  Loid ,  nsssctcr, and tongue)  l i e  n e a r  o r  benea th  e l e c t r o d e  

p lacements  o f t e n  used i n  electroencephalography. The n a t u r e  o f  muscle  

t i s s u e  and t h e  p o t e n t i z l  changes  i n  muscle  u n i t s  d u r i n g  c o n t r a c t i o n  

( . \ id ley  1971) s u g g e s t s  t h a t  slow p o t e n t i a l  s h i f t s  cou ld  o c c u r  i n  

musc les  d u r i n g  c o n t r a c t i o n .  I f  t h e y  do o c c u r ,  t h e v  cou ld  bc v e r y  

i m p o r t a n t  t o  tk i n t e r p r e t a t i  n o f  CKV d a t a .  



CONCLUSIONS 

The res~l! t s  o f  t h i s  e x p e r i m e n t  do  n o t  show t h e  p r o l o n g a t i o n  

o f  t h e  C N ~  t h a t  was p r c d i c t e d .  C e r t a t n  s u b j e c t s  g ~ v e  t h e  e x p e c t e d  

r e s u l t s ,  b u t  t h e i r  d a t a  was n o t  t y p i c a l .  The  mean o f  a l l  s u b j e c t s '  

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

i n  h t h  c o n d i t i o n s ,  b u t  t h e  Q - a ~ : ? l y s i s  o f  r e s p o n s e  t y p e s  i n d i c a t e d  

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

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

whole  g r o u p .  The f a c t  t h a t  t h e r e  a p p e a r  t o  be s e v e r a l  t y p e s  o f  

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

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

i l l u s t r a t e  t h e  e x t e n t  o f  v a r i a b i l i t y  i n  a-I r a g e d  EEG s i g n a l s  t h a t  

h a s  y e t  t o  be e x p l a i n e d .  

A l t h o g g h  t h e r e  1. c e r t a i n l y  no s u p p o r t  f rom t h i s  d a t a  

f o r  t h e  c o  ,elusion t h a t  norr ia l  s u b j e c t s  do n c t  show p r o l o n g e d  

C N V s  , n e i t h e d d o e s  i t  a p T e a r  t h a t  t h i s  e x q e r i n e n t  P F  f ~ c t i v e l y  

m a n i p u l a t e d  t h e  l e n g t h  o '  t h e  C N V .  It d o e s - s e e m  t h a t  j u s t  p r i o r  

t o  t he  t o n e  t h e  v e r t e x  ~<- . s  likely t o  be more n e g a t i v e  t h a n  s a y ,  

h a l f  a s e c ~ n d  l z t e r .  The p r e v i o u s l y  c i t e d  e x p e r i m e n t  bv Delqe e t  a l .  

(1972)  a l s o  d e m o n s t r a t e d  t h e  same e f f e c t .  

Changing t h e  s i g n i f i c a n c e  n f  t h e  t o n e  seems t o  have  

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

T h i s  i s  a v e r y  i n t e r e s t i n g  d e m o n s t r a t i ~ n  o f  t h e  a l r e a d y  wel l -documented  

f a c t  t h a t  i n s t r u c t i o n s  can  g r e a t l v  i n f l u e n c e  t h e  s i z e  and  form 

o f  evoked EEG a c t i v i t y  i n  h ~ m a n s .  J u s t  what  c a u s e s  t h i s  a c t i v i t y  

nohcdy knows; and  i t  w i l l  be v e r y  i n t e r e s t i n g  t o  see what f u t u r e  

r e s e a r c h  r e v e a l s  abotl t  i t .  

P r o b a b l y  t h e  most i m p o r t a n t  c o n c l u ~ i o n s  o f  t h i s  e x p e r i m e n t  

are  t h o s e  conce rn in t :  t h e  v a r i a b i !  i t y  o f  CNV r e c o r d s  and  methods o f  

e v a l u a t i n g  a v e r a g e d  EEG d a t a .  The r e l j a b i l i t y  e s t i m a t e s  t h a t  

were  d e r i v e d  on  t h e  b a s i s  o f  w i t h i n -  s u b j e c t  v a r i a b i l i t y  were  



f a i r l y  l a r g e ,  s u g g e s t i n g  q u i t e  r e p 1  i c s b !  e  p a t t e r n s  o f  r e s p o n s e  

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

was v e r y  g r e a t .  Ho\i p e o p l e  c o u l d  show s u c h  r e l i a b l e  i n d i v i d u a l  

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

some d e t a i l .  One p o s s i b i l e  way o f  c o n s i d e r i n g  t h e  ~ r o b l e l n  i s  i n  t e r m s  

o f  i n d i v i d u a l  m e d i a t i n g  r e s p o n s e s .  P e r h a p s  t:ie v a r i a t i o n  amnng sub-  

j e c t s  i s  d u e  t o  d i f f e r e n t  p o s t u r e s  and  a c t i o n s  r e g u l a r l y  t a k e n  by 

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

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

d i s c r i m i n a t i o n s ,  and  may w e l l  a l s o  be c h a r a c t e r i s t i c .  o f  p e o p l e .  

I f  i t  o c c u r s ,  i t  would i n G i c a t e  t h a t  mo to r  a c t i v i t y ,  r e p r e s e n t e d  

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

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



SUPNARY 

The  EEG r e c o r d s  o f  t e n  s u b j e c t s  were a v e r a g d  o v e r  t h e  t r ia l s  

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

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

t h e  d u r a t i o n  o f  t h e  v e r t e x  n e g a t i v e  s l o w - p o t e n t i a l ,  a l t h o u g h  six o f  

t h e  t e n  s u b j e c t s  showed a l a r g e r  n e ~ a t i v e  p o t e n t i a l  j u s t  

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

Most s u b j e c t s  showed n e g a t i v e  s h i f t s  a t  some t i m e  a f t e r  

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

d u r a t i o n s  o f  t h e  s h i f t s  we re  h i g h l y  v a r i a b l e .  Each s u b j e c t  

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

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

s u b j e c t s .  

The mos t  n o t i c a b l e  change  r e s u l t i n g  f r o : .  t h e  i n t r o d u c t i o n  

o f  f e e d b a c k  was a v e r y  l a r g e  evoked r e s p o n s e  to t h e  fL edback  t o n e .  

The r e s p o n s e  when t h e  t o n e  d i d  n o t  c a r r y  i n f o r m a t i o n  was v e r y  

s m a l l  by c o n t r a s t .  Evoked r e s F o n s & s  t o  t h e  f i r s t  t w n  s t i n f " ! i  

we re  a p p a r e n t  i a l l  s u b j c c t s ;  a l a t e  p o s i t i v e  component was 

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

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

i n  t h e  f r e q u e n c y  r a n g e  o f  t h e  a m p l i f i e r s  would have  r educed  w i t h i n -  

s u b j e c t  v a r i a b i l i t y .  A v e r a g e s  o v e r  s u b j e c t % ,  e i t h e r  e q u a l l y  w e i g h t e d  

as i n  F i g u r e s  1-3, o r  d i f f e r e n t i a l l y  w e i g h t e d  as  i n  F i g u r e  7 ,  a p p e a r  

t o  make t h e  data  more i n t e r p r e t a b l e ,  t hough  t h e  s i m p l e  a v e r a g e  

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

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

t o  t h e  a v e r a g e  m o t o r  p o t e n t i a l  p t i o r  t o  v o l u n t a r y  movements which  

o t h e r  w o r k e r s  r e p o r t .  The m o t o r  p o t e n t i a l s  a p p e a r  t o  i n d i c a t e  

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

i n  o t h e r  c o r t i c a l  a r e a s  msy be i n v o l v e d  i n  t h e  CNV. I t  i s  a l s o  

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

a l t h o v g h  no e v i d e n c e  i s  c u r r e n t l y  a v a i l a b l e  on  t h i s  p o i n t .  
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Appendix X 

S i x t e e n - t r i a l  a v e r a g e s  f o r  e a c h  c o n d i t i o n  performed by e a c h  s u b j e c t .  

The f i r s t  f i v e  s u b j e c t s  p e r f o m e d  under  C o n d i t i o n  :I, i n  which t o n e s  

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

(Pp.  5 0 - 5 4 ) .  The second f i v e  s u b j e c t s  performed under  Condi t ion  A ' ,  i n  

which t o n e s  c a r r y i n g  i n f o r m a t i o n  fo l lowed  t h e  r e s p o n s e s  (Pp. 55-59). 























Append ix  B 

D i f f e r e n c e s  be tween C o n d i t i o n  :I ( o r  A ' )  and C o n d i t i o n  B r e c o r d s  
f o r  each subject. 
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