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ABSTRACT

EXPLORING CHILDHOOD AUTISM:

AN ELECTROPHYSIOLOGIC APPROACH 

by

B arb a ra  N ov ic k

A d v is o r:  P r o f e s s o r  S t a n l e y  Novak

E v e n t - r e l a t e d  p o t e n t i a l s  were re corded f rom a u t i s t i c  c h i l d r e n  

and normal c h i l d r e n  o f  the  same age in a s s o c i a t i o n  w i t h  a u d i t o r y  and 

v i s u a l  s t i m u l a t i o n .  In the  p r e s e n t  i n v e s t i g a t i o n ,  both t r a n s m is s io n  

through the  b r a i n  o f  a u d i t o r y  and v i s u a l  i n f o r m a t i o n  and s h o r t - t e r m  

s to r a g e  o f  t h i s  i n f o r m a t i o n  were examined in a range o f  e x p e r im e n ta l  

c o n d i t i o n s .  The i n v e s t i g a t i o n  t e s t e d  t h e  h ypothes is  t h a t  b e h a v i o r a l  

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

p r o c e s s e s .

S c a l p - r e c o r d e d  p o t e n t i a l s  in t h e  a u t i s t i c  c h i l d r e n  were d i f f e r e n t  

from those  o f  normal c h i l d r e n  in  the  f o l l o w i n g  ways: 1.  C o r t i c a l

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

and by t a s k  r e q u i r e m e n ts ;  2 .  L a t e  p o s i t i v e  p a r i e t a l  p o t e n t i a l s  

a s s o c ia te d  w i t h  s i g n a l  s t i m u l i  in an a u d i t o r y  d i s c r i m i n a t i o n  t a s k  were  

m arked ly  v a r i a b l e ;  3 .  L a te  p o s i t i v i t y  was seen in p a r i e t a l  waveforms  

a s s o c i a t e d  w i t h  nonsigna l  s t i m u l i ,  as w e l l  as w i t h  the  s i g n a l  s t i m u l i ,  

in the  a u d i t o r y  d i s c r i m i n a t i o n  t a s k ;  k .  P o t e n t i a l s  a s s o c i a t e d  w i t h  

d e l e t i o n  o f  expec ted  a u d i t o r y  s t i m u l i  and p o t e n t i a l s  a s s o c ia te d  w i t h



d e l e t i o n  o f  expected  v i s u a l  s t i m u l i  were i n f r e q u e n t  o r  a b s e n t .

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

were r e l a t e d  t o  impairments in p a r t i c u l a r  s tag es o f  sensory i n f o r m a t i o n  

pro ce ss in g  t h a t  were d e f i n e d  b e h a v i o r a l l y .  I t  was proposed t h a t  in 

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

pro ce ss in g  o f  sensory  i n f o r m a t i o n  a t  one o r  s e v e r a l  l e v e l s  w i t h i n  

the  nervous system h i e r a r c h y .  F u r t h e r ,  i t  was proposed t h a t  impa ired  

processes a r e  re f l e c te d  in a range o f  a b e r r a n t  b eh av io r s  t h a t  depend 

upon p e r c e p t u a l  s k i l l s .

I t  was concluded t h a t  the  e x p e r im e n t a l  fo rm at  developed would  

be u s e f u l  f o r  o b t a i n i n g  o b j e c t i v e  p h y s i o l o g i c  measures o f  abnormal  

b r a i n  processes and in t u r n ,  f o r  p r o v i d i n g  i n s i g h t  i n t o  a b e r r a n t  forms 

o f  human b e h a v i o r  in mental  i l l n e s s .
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CHAPTER 1

INTRODUCTION

C l i n i c a l  f e a t u r e s  o f  Chi ldhood Aut ism were f i r s t  d es c r ib e d  by 

Kanner in 19^3.  Exp er i m en ta l  i n v e s t i g a t i o n s  o f  the  d i s o r d e r  have  

m a in ly  u t i l i z e d  one o f  two d i s t i n c t  approaches,  employing e i t h e r  

p s y c h o lo g ic a l  o r  p h y s i o l o g i c a l  methods.  P s y c h o lo g is ts  have depended 

s o l e y  upon b e h a v i o r a l  d a t a ,  making i t  d i f f i c u l t  to  i n f e r  the n a t u r e  

o f  a b e r r a n t  i n t r a c e r e b r a l  processes a s s o c i a te d  w i t h  the d e v i a n t  b e h a v i o r .  

The p h y s i o l o g i c a l  approach,  on t h e  o t h e r  hand,  r e l i e s  upon a p p l i c a t i o n  

o f  s p e c i f i c  b i o l o g i c  techniques  such as the  e l e c t r o e n c e p h a lo g r a m  (EEG) 

to  the  stu dy o f  c e r t a i n  n e u r o p h y s i o l o g i c  processes w i t h i n  the  o rg an ism .  

T h is  e x p e r im e n ta l  approach u s u a l l y  o b t a i n s  no b e h a v i o r a l  d a t a ,  thus  

l i m i t i n g  the  in f e r e n c e s  t h a t  can be made on t h e  n a t u r e  o f  the r e l a t i o n s  

between the  observed processes w i t h i n  the  organism and the  c h a r a c t e r i s t i c  

b e h a v i o r a l  d is tu r b a n c e s  o f  Ch i ldhood A u t is m .  A p p a r e n t l y  what is needed 

is a way o f  combining the  p s y c h o lo g ic a l  and p h y s i o l o g i c a l  approaches.

Dur ing  the  past f i f t e e n  years  an a re a  o f  re searc h  has developed  

t h a t  p rovides  the  fo r m at  f o r  t h i s  c o m b i n a t i o n ,  namely the  stu dy  o f  

human s c a l p - r e c o r d e d ,  e v e n t - r e l a t e d  p o t e n t i a l s  (ERP) .  The c u r r e n t  

i n v e s t i g a t i o n  is intended  t o  assess the  p sy ch o lo g ic  r e l e v a n c e  o f  human 

b r a i n  p o t e n t i a l  s t u d i e s  to  foc a l  areas o f  researc h  on Ch i ldhood Aut ism .  

S p e c i f i c a l l y ,  an e x p e r i m e n t a l  approach t o  the  stu dy o f  a r e l a t i o n  

between concom it an t  v a r i a t i o n  o f  b r a i n  a c t i v i t y  and s p e c i f i c  p sych o lo g ic  

parameters  in a u t i s t i c  c h i l d r e n  is sug g ested ,  employing r e c o r d i n g  o f



ERP c o n c u r r e n t  w i t h  the performance  o f  tasks  r e q u i r i n g  the  proce ss ing  

o f  sensory  i n f o r m a t i o n .

A . Ch i ldhood Aut ism:  Problems o f  D e f i n i t i o n ,

C l a s s i f i c a t i o n ,  and E t i o l o g y  

A t y p i c a l  b eh a v i o r s  t h a t  a re  c o n s id er ed  to  be c h a r a c t e r i s t i c  o f  

c h i l d r e n  g iv en  the  d i a g n o s t i c  la be l  Chi ldhood Aut ism in c lu d e :  poor

eye c o n t a c t ;  o b sess iv e  b e h a v i o r s ;  i n a t t e n t i o n ;  f a i l u r e  to  dev e lop  

speech or development o f  o n ly  l i m i t e d  speech;  b i z a r r e  b eh av io r s  such 

as r o c k i n g ,  s p i n n i n g  o r  h a n d f I a p p i n g ; f u n c t i o n a l  r e t a r d a t i o n  w i t h  

i s l e t s  o f  normal f u n c t i o n i n g ;  and unusual responses to  s t i m u l a t i o n .

A v a r i e t y  o f  b e h a v i o r a l  d e f i n i t i o n s  o f  Ch i ldhood Aut ism e x i s t  and each 

c on s id er s  the  presence  o f  a p a r t i c u l a r  subgroup o f  the b eh av io r s  

s u f f i c i e n t  t o  e s t a b l i s h  the presence o f  the  d i s o r d e r .  In t h i s  review

I have chosen t o  d e f i n e  Chi ldhood Aut ism as a d i s o r d e r  o f  e a r l y  c h i l d ­

hood in which a l l  o f  the  above b eh a v io r s  a re  p r e s e n t .

There  is w id espre ad  d isagre em entas  to  whether  o r  not  Chi ldhood

Autism is a d i s t i n c t  d i a g n o s t i c  c a t e g o r y .  Three n o s o lo g ic  views o f  

Chi ldhood Autism have been espoused.  Some i n v e s t i g a t o r s  contend t h a t  

Chi ldhood Aut ism and Ch i ldhood S c h i z o p h r e n i a  form a u n i t a r y  d i a g n o s t i c  

c a t e g o r y  o f  Chi ldhood f t y c h o s is  (O'Gorman, 1967;  O r n i t z  and R i t v o ,  

196 8b );  o th e r s  v iew Ch i ldhood Autism as one o f  s e v e r a l  types o f  

Chi ldhood S c h iz o p h r e n ia  ( F i s h  and S h a p i r o ,  1965; S c h o p l e r ,  1965;  

B e t t l e h e i m ,  1 96 7 ) ;  and y e t  a n o th er  group o f  i n v e s t i g a t o r s  regards  

Chi ldhood Autism as a syndrome d i s t i n c t  f rom Chi ldhood S c h iz o p h r e n ia
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(R im la nd ,  196*+; E i s e n b e r g ,  1 9 6 6 ) .

At tempts to  d e f i n e  e t i o l o g i c  f a c t o r s  have r e s u l t e d  in t h r e e  types  

o f  t h e o r i e s  o f  Ch i ldhood Aut ism;  n o n - o r g a n i c ,  o r g a n i c - e x p e r i e n t i a l ,  

and o r g a n i c .  N on-org an ic  t h e o r i e s  in c lu d e  both psychodynamic ( B e t t l e h e i m ,  

1967) and b e h a v i o r a l  ( F e r s t e r ,  19 6 1) e x p l a n a t i o n s .  The psychodynamic  

view suggests t h a t  Ch i ldhood Autism is the  r e s u l t  o f  d e n i a l  o f  s e l f  in 

defense  a g a i n s t  t h r e a t s  from a w or ld  p e r c e iv e d  as h o s t i l e .  B eh a v io ra l  

t h e o r i s t s  e x p l a i n  the d i s o r d e r  as the  r e s u l t  o f  p a r e n t s '  f a i l u r e  t o  

p a i r  pr im ary  r e i n f o r c e m e n t  w i t h  a wide  v a r i e t y  o f  b e h a v i o r s .  O r g a n i c -  

e x p e r i e n t i a l  t h e o r i e s  p o s t u l a t e  t h a t  Childhood Aut ism is the  r e s u l t  o f  

a com bina t io n  o f  o r g a n ic  d e f e c t s  or p r e d i s p o s i t i o n s  and mate rn a l  

d e f i c i e n c y  ( G o l d f a r b ,  1961;  O'Gorman, 196 7 ) -  Organic  t h e o r i e s  p o s t u l a t e  

t h a t  Ch i ldhood Aut ism is the  r e s u l t  o f  a c e n t r a l  nervous system d e f e c t ,  

d i f f u s e  s i t e s  o f  impairment ( H u t t ,  H u t t ,  Lee ,  and Ounsted,  196*+; Bender ,  

1966;  O r n i t z ,  R i t v o ,  Brown, L a F r a n c h i ,  Parmelee ,  and W a l t e r ,  1969;

R u t t e r ,  B a r t o k ,  and Newman, 1971) as w e l l  as s p e c i f i c  s i t e s  o f  i m p a i r ­

ment (R im la nd ,  196*+) have been sug gested .  None o f  these  e t i o l o g i c  

t h e o r i e s  has been e i t h e r  v a l i d a t e d  o r  d e f i n i t i v e l y  i n v a l i d a t e d .

A genera l  impediment t o  t h e  d e f i n i t i o n  o f  e t i o l o g i c  f a c t o r s  in 

psychopatho logy d e r i v e s  from a f e a t u r e  o f  t h e  e x p e r im e n t a l  des ign  

commonly used in t h i s  r e s e a r c h :  a d ichotomy between normal and abnormal

is assumed, im p ly in g  q u a l i t a t i v e l y  d i f f e r e n t  u n d e r l y i n g  p h y s i o l o g i c  

and p sy ch o lo g ic  mechanisms. Because p s y c h o p a th o lo g ic  e n t i t i e s  a re  

o f t e n  p o o r l y  d e f i n e d ,  the  e x p e c t a t i o n  o f  fu n d a m e n t a l l y  d i f f e r e n t  

pathogen ic  mechanisms is u n l i k e l y  t o  be r e a l i z e d .  I n d i v i d u a l  d i f f e r e n c e s

-  3 -



w i t h i n  c a t e g o r i e s  a re  u s u a l l y  ig n o red ,  impeding e f f o r t s  to  improve 

the  d e f i n i t i o n  o f  abnormal proce ss es.  F u r th e r m o r e ,  the  la c k  o f  

adequate  c r i t e r i a  f o r  d e f i n i n g  p sy ch o p a th o lo g ic  c o n d i t i o n s  may r e s u l t  

in an emphasis on e n t i t i e s  t h a t  a re  in f a c t  e x t r e m e l y  v a r i e d  in t h e i r  

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

c h a r a c t e r i s t i c s  a re  used t o  d e f i n e  casual  f a c t o r s  in psy ch opa th o lo gy .

I t  a pp e ars ,  t h e n ,  t h a t  a t t em p ts  t o  d e f i n e  e t i o l o g i c  f a c t o r s  in mental  

i l l n e s s  on the  assumpt ion t h a t  d i f f e r e n t  d i a g n o s t i c  groupings w i l l  

m a n i f e s t  q u a l i t a t  i v e l y  d i f f e r e n t  i n t r a c e r e b r a l  d e f e c t s  a re  premature  

a t  b e s t .  At  p r e s e n t ,  i n v e s t i g a t i o n s  a re  l i k e l y  t o  be most f r u i t f u l  

i f  focused on quant  i t a t  i ve d i s t i n c t i o n s  between normal and abnormal  

processes in i n d i v i d u a l  s u b je c ts  whose b e h a v i o r a l  c h a r a c t e r i s t i c s  a re  

w e l 1 d e f  i n e d .

B. B e h a v io r a l  S tu d ie s  o f  Ch i ldhood Autism

1. Impairment  o f  Sensory Processes

a .  I n t r a - m o d a l  sensory  p r o c e s s i n g . The s tu dy  o f  sensory processes  

in Ch i ldhood Aut ism c o n s t i t u t e s  a ma jor  and perhaps the  most p r o d u c t i v e  

a r e a  o f  researc h  t o  d a t e .  S t r i k i n g  s i m i l a r i t i e s  e x i s t  between a u t i s t i c  

c h i l d r e n  and some c h i l d r e n  w i t h  s ev ere  a u d i t o r y  o r  v i s u a l  d e f i c i t s .

A u t i s t i c  c h i l d r e n  a re  c h a r a c t e r i s t i c a l l y  i n a t t e n t i v e  t o  a u d i t o r y  or  

v i s u a l  s t i m u l a t i o n  and f o r  t h i s  reason a r e  o f t e n  c o n s id er ed  t o  have  

impa ired h e a r i n g  o r  v i s i o n .  However ,  t h i s  impairment  has not  been t r a c e d  

to  d y s f u n c t i o n  a t  the  r e c e p t o r  l e v e l  o r  t o  d y s f u n c t i o n  o f  neu ra l  e lements  

o f  e i t h e r  the  a u d i t o r y  o r  v i s u a l  system.  One e x p l a n a t i o n  f o r  i n a t t e n t i v e n e s s
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is t h a t  a u t i s t i c  c h i l d r e n  have e l e v a t e d  sensory  t h r e s h o l d s ,  but  the  

small  amount o f  a v a i l a b l e  da ta  does not sup port  t h i s  e x p l a n a t i o n .  For  

example,  G o ld f a r b  (1961)  was unab le  t o  dem onstr at e  any d i f f e r e n c e  in 

a u d i t o r y ,  v i s u a l ,  o r  t a c t i l e  t h r e s h o l d s  between normal and a u t i s t i c  

ch i 1d r e n .

O r n i t z  and R i t v o  ( 1 9 6 8 a ,  1968b) and O r n i t z  e t  al  ( 1969 )  suggested  

t h a t  some o f  th e  symptoms o f  Ch i ldhood Aut ism r e f l e c t  f a u l t y  modu la t io n  

o f  sensory i n p u t .  They s t u d i e d  a u d i t o r y  evoked p o t e n t i a l s  in normal  

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

response a m p l i t u d e  d u r in g  the  Rapid Eye Movement (REM) s ta g e  o f  s l e e p  

in normal as compared t o  a u t i s t i c  c h i l d r e n .  They conc luded t h a t  the  

phasic  i n h i b i t i o n  d u r in g  REM s l e e p ,  which is media ted  by v e s t i b u l a r  

n u c l e i ,  is impa ire d  in Ch i ldhood A u t is m .  They suggested t h a t  t h i s  

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

and the  a t t e n t i o n a l  d e f e c t s  t h a t  a re  c h a r a c t e r i s t i c  o f  Childhood A ut ism.

V i s u a l  d i s c r i m i n a t i o n  has a l s o  been i n v e s t i g a t e d  in Ch i ldhood  

A u t is m .  I n t e r p r e t a t i o n  o f  th e  r e s u l t s  is d i f f i c u l t ,  however ,  s in c e  

th e y  seem to  be l a r g e l y  dependent  upon t h e  t e s t  p ro ce d u res .  H erm el i n  

and O'Connor (19 65 )  r e p o r t e d  t h a t  a u t i s t i c  c h i l d r e n  per form  less w e l l  

than  r e t a r d e d  c h i l d r e n  on t w o -c h o i c e  v i s u a l  d i s c r i m i n a t i o n  t a s k s .  On 

the  o th e r  hand,  Bryson (1 970a )  r e p o r t e d  t h a t  a u t i s t i c  c h i l d r e n  per form  

w i t h i n  normal l i m i t s  on a v i s u a l  match ing  t e s t  and suggested t h a t  i t  is 

the  memory f a c t o r y  i n h e r e n t  in s ta n da rd  d i s c r i m i n a t i o n  t r a i n i n g  procedures  

t h a t  is r e s p o n s i b l e  f o r  t h e  poor v i s u a l  d i s c r i m i n a t i o n  per formance  o f
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a u t i s t i c  c h i l d r e n .  Using a somewhat d i f f e r e n t  approach t o  the  a n a l y s i s  

o f  sensory p ro ce ss in g  in a u t i s t i c  c h i l d r e n ,  H erm el i n  and O'Connor  

( 19 67 a)  found a d i s t i n c t  impairment in per formance  on v i s u a l  1enqth  

d i s c r i m i n a t i o n  tas ks  but no impairment  in a b i l i t y  to  l e a r n  pos i t  ion 

d i s c r i m i n a t i o n s .  F o l lo w in g  up t h i s  o b s e r v a t i o n ,  they  showed t h a t  

when v i s u a l  d i s c r i m i n a t i o n  tasks  a re  a rr an ged  such t h a t  movement 

response cues a r e  a v a i l a b l e ,  a u t i s t i c  c h i l d r e n  per form  as w e l l  as 

normals  o f  t h e  same mental  age .  They conc luded t h a t  p e r c e p t u a l  a b i l i t y  

o f  a u t i s t i c  c h i l d r e n  is enhanced by s p e c i f i c  m o tor -r esp o n se  cues.

I t  has been noted t h a t  a u t i s t i c  c h i l d r e n  do not  r e l a t e  a p p r o p r i ­

a t e l y  t o  p eop le  o r  o b j e c t s .  S m a l l ,  De Meyer ,  and M i l s t e i n  (1971)  

e v a l u a t e d  t h i s  impression by measur ing C o nt in g e nt  N e g a t i v e  V a r i a t i o n  

(CNV) a c t i v i t y  re corded w i t h  s c a l p  e l e c t r o d e s  f rom a u t i s t i c  c h i l d r e n  

and normal c h i l d r e n .  The C o n t in g e n t  N e g a t i v e  V a r i a t i o n  was i n i t i a l l y  

d e s c r ib e d  by W a l t e r  (19 64 a)  as a s low n e g a t i v e  s h i f t  in c o r t i c a l  p o t e n t i a l s  

c o r r e l a t e d  w i t h  expec tancy  o r  p r e p a r a t o r y  s e t .  The n e g a t i v e  s low  

p o t e n t i a l s  d ev e l o p  in the  i n t e r v a l  between two s uc ce s s iv e  s t i m u l i  th e  

second o f  which r e q u i r e s  c o g n i t i v e  p ro ce ss in g  o r  a motor response .

Small  e t  al  (19 71 )  recorded  th e  CNV ( i n  a s s o c i a t i o n  w i t h  photos o f  

f a m i l i a r  faces  and s t r a n g e  fac es  t h a t  f o l l o w e d  p r e s e n t a t i o n  o f  a c l i c k  

o r  f l a s h )  from a u t i s t i c  c h i l d r e n  and f rom normal c h i l d r e n .  The a u t i s t i c  

c h i l d r e n ,  however ,  u n l i k e  t h e  n o rm a ls ,  d id  not  show a d i f f e r e n t i a l  

response t o  photos o f  f a m i l i a r  and u n f a m i l i a r  f a c e s .  These i n v e s t i g a t o r s  

concluded t h a t  t h e  r e s u l t s  support  th e  acc ep ted  c l i n i c a l  v iew  t h a t  

a u t i s t i c  c h i l d r e n  do not  show d i f f e r e n t i a l  responses to  f a m i l i a r  and 

u n f a m i l i a r  peo p le  -  o r ,  in o t h e r  words,  t h a t  a u t i s t i c  c h i l d r e n  do not  

p a r t i c i p a t e  a p p r o p r i a t e l y  in s o c i a l  i n t e r a c t i o n .
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b.  Development  o f  sensory dominance. Se vera l  i n v e s t i g a t o r s  have  

suggested t h a t  the  d i s t u r b a n c e  in Chi ldhood Aut ism in v o l ve s  an a r r e s t  

o f  sensory  d ev elopm en t .  Sc hopler  ( 1965 )  suggested t h a t  in l i g h t  o f  

p h y l o g e n e t i c  and o n t o g e n e t i c  t r e n d s  in normal development  from near  

t o  d i s t a n t  r e c e p t o r  usage,  the  a d a p t a t i o n a l  problems o f  a u t i s t i c  

c h i l d r e n  be c on s id ered  due t o  a f a i l u r e  in t h e  normal m a t u r a t i o n  o f  

sensory  i n t e g r a t i v e  mechanisms. In support  o f  t h i s  o n t o g e n t i c  sensory  

r e t a r d a t i o n  v ie w ,  he r e p o r te d  p r e f e r e n c e  o f  t a c t u a l  o ver  v i s u a l  r e c e p to r s  

in a u t i s t i c  c h i l d r e n  and suggested t h a t  the  developm ental  d y s f u n c t i o n  

is a t  the r e c e p t o r  l e v e l .  As p r e v i o u s l y  n o te d ,  however ,  t h e r e  is no 

e v id e n c e  to  i n d i c a t e  t h a t  b a s ic  sensory  r e c e p t i o n  is d e f e c t i v e  in 

Chi ldhood A u t is m .  In t h i s  c o n n e c t i o n ,  G o ld f a r b  (1961)  suggested t h a t  

unusual response p a t t e r n s  in a u t i s t i c  c h i l d r e n  r e f l e c t  d is tu r b a n c e s  in 

th e  development o f  sensory dominance r a t h e r  than  d e f e c t s  in t h e  m o d a l i t y -  

s p e c i f i c  sensory  mechanisms the m s e lv e s .  G o l d f a r b  (1956 )  a l s o  observed  

an in c re ased  use o f  a u d i t o r y  and v i s u a l  systems by a u t i s t i c  c h i l d r e n  

who show improvement .  He con s id er ed  t h i s  change t o  be an e s s e n t i a l  

p r e c o n d i t i o n  f o r  the  development  o f  t h e  a n t i c i p a t o r y  b eh a v i o r s  t h a t  a re  

c h a r a c t e r i s t i c a l l y  l a c k i n g  in t h e s e  c h i l d r e n .

A few s t u d i e s  have r e p o r te d  d a t a  comparing a u t i s t i c  and normal  

c h i l d r e n  w i t h  r e sp e c t  t o  u t i l i z a t i o n  and e f f e c t i v e n e s s  o f  v a r io u s  

sensory  m o d a l i t i e s .  The f i n d i n g s  a r e  in gen e ra l  c o n s i s t e n t  w i t h  the  

view t h a t  sensory  p r e fe r e n c e s  o f  a u t i s t i c  c h i l d r e n  d i f f e r  from those  

o f  normal c h i l d r e n .  For example ,  H erm e l i n  and O'Connor ( 1964 )  s tu d i e d
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sensory  dominance in a u t i s t i c  c h i l d r e n  and r e ta r d e d  c h i l d r e n  w i t h  

the  same Performance I .Q. A l l  o f  t h e  c h i l d r e n  responded most r e a d i l y  

t o  l i g h t  g iv en  a c ho ic e  between l i g h t  and touch o r  l i g h t  and sound.

The usual p r e fe r e n c e  f o r  a u d i t o r y  o ver  t a c t i l e  s t i m u l i  seen in normal  

c h i l d r e n  was observed o n ly  in th e  subnormal c o n t r o l s ;  the  a u t i s t i c  

c h i l d r e n  responded more r e a d i l y  t o  t a c t i l e  s t i m u l i .  G o ld f a r b  (19 56 )  

a l s o  r e p o r t e d  t h a t  a u t i s t i c  c h i l d r e n  use t a c t i l e  r e c e p to r s  more than  

t e l e r e c e p t o r s .  C o n t r a s t i n g  w i t h  the  o b s e r v a t i o n  is a n o th er  r e p o r t  

by P o l l a c k  and G o ld fa rb  (1957 )  t h a t  a u t i s t i c  c h i l d r e n  per form  p o o r ly  

in l o c a l i z i n g  t a c t i l e  s t i m u l i .  Thus,  a u t i s t i c  c h i l d r e n  may m a n i fe s t  

impa ired f u n c t i o n  even in a p r e f e r r e d  sensory  m o d a l i t y .

c .  Senso r im oto r  and in t e r s e n s o r y  p r o c e s s i n g . A s s o c i a t i v e  pro ­

c e s s in g  has been the  p r im a ry  focus o f  a few b e h a v i o r a l  i n v e s t i g a t i o n s .  

A lthough a u t i s t i c  c h i l d r e n  per fo rm  n o r m a l l y  on c e r t a i n  a u d i t o r y - v o c a l  

tasks  such as r e p e t i t i o n  o f  word l i s t s  (O'Connor  and H e r m e l i n ,  1967b)  

and r e p e t i t i o n  o f  s i n g l e  words (Bryson,  1 970b ) ,  they  seem t o  do p o o r ly  

on o th e r s  such as a u d i t o r y - f i n e  motor a s s o c i a t i o n s  (Brys on ,  1970b)  

and a u d i t o r y - v i s u a l  a s s o c i a t i o n s  (Wa lker  and B i r c h ,  1970; Cowan, 

H o d d i n o t t ,  and W r i g h t ,  1 9 6 5 ) .  Wa lk er  and B i r c h  (1970)  used a t a s k  

t h a t  r e q u i r e d  e q u a t i o n  o f  temporal  a u d i t o r y  p a t t e r n s  and v i s u a l  dot  

p a t t e r n s .  They found s i g n i f i c a n t  d i f f e r e n c e s  between a u t i s t i c  c h i l d r e n  

and normal c h i l d r e n  matched f o r  mental  age .  The a u t i s t i c  c h i l d r e n  were  

i n f e r i o r  to  the  normal c h i l d r e n  a t  each mental  age in t h e i r  a b i l i t y  t o  

per form  the  r e q u i r e d  t a s k .  F u r th e r m o r e ,  in the  normal c h i l d r e n ,
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i n t e r s e n s o r y  i n t e g r a t i v e  a b i l i t y  improved w i t h  age.  T h is  developm ental  

t ren d  was m a n i f e s te d  much more w eak ly  in the  a u t i s t i c  c h i l d r e n .  The 

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

a p r im ary  d i s o r d e r  o f  i n t e r s e n s o r y  i n t e g r a t i o n  u n d e r l i e s  Ch i ldhood  

Aut ism.  Cowan e t  al  (19 65 )  a l s o  r e p o r te d  s ev ere  d i f f i c u l t i e s  o f  

a u t i s t i c  c h i l d r e n  in t h i s  c la s s  o f  a s s o c i a t i v e  p ro ce ss in g  t a s k s .  In 

c o n t r a s t  t o  the f o r e g o i n g ,  O'Connor and H erm e l i n  (1 9 6^ a ,  1967a) found  

no d i f f e r e n c e  in performance among groups o f  n o rm a l ,  r e t a r d e d ,  and 

a u t i s t i c  c h i l d r e n  in performance  o f  c r o s s -m o d a l ,  v i s u a l - t a c t i 1e matching  

tas  ks .

d .  A r o u s a l . Both t o n i c  a ro usal  l e v e l  and a ro usa l  responses t o  

s t i m u l a t i o n  have been e x t e n s i v e l y  s t u d i e d  in Ch i ldhood A u t is m .  I 

have chosen t o  c o n s id e r  o n l y  tho se  aspec ts  o f  a ro usa l  t h a t  a re  r e l a t e d  

t o  sensory p ro ce ss in g ;  parame ters  t h a t  i n f l u e n c e  t h e  t r a n s m i s s i o n  o f  

sensory i n f o r m a t i o n ,  and th e r e b y  a f f e c t  th e  r e l a t i o n  between sensory  

input  and b e h a v i o r a l  o u t p u t .

S tu d y in g  a rousa l  in a u t i s t i c  c h i l d r e n ,  H erm el i n  and O'Connor (19 6 8 ) 

used a lp ha  rhythm as an i n d i c a t o r  o f  a ro us al  s t a t e  in d a r k n e s s .  This  

is based on t h e  f a c t  t h a t  a lp h a  waves a re  most e v i d e n t  when s u b j e c ts  

are  r e l a x e d  w i t h  c lo sed  e y e l i d s .  Alpha waves a re  o r d i n a r i l y  d im in ish ed  

or a b o l i s h e d  by opening th e  eyes o r  by i n t r o d u c i n g  v i s u a l  s t i m u l a t i o n .

The i n v e s t i g a t o r s  r e p o r te d  no d i f f e r e n c e  between a u t i s t i c  and normal  

c h i l d r e n  in darkness o r  as a consequence o f  v i s u a l  s t i m u l a t i o n .

However ,  a u d i t o r y  s t i m u l a t i o n  under these  c o n d i t i o n s  r e s u l t e d  in a 

g r e a t e r  degree o f  a ro usa l  ( i . e . ,  a lp ha  r e d u c t i o n )  in the  a u t i s t i c  

c h i l d r e n .  In support  o f  t h i s  f i n d i n g ,  W a l t e r ,  A l d r i d g e ,  Cooper,  O'Gorman,
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McCal lum,  and W i n te r  ( 1 9 6 * 0 .  us ing  average  amount o f  a lp h a  rhythym 

as a measure o f  a r o u s a l ,  r e p o r te d  g r e a t e r  a rousa l  in response to  

a u d i t o r y  than  to  v i s u a l  s t i m u l a t i o n  in a u t i s t i c  c h i l d r e n  compared 

w i t h  i n s t i t u t i o n a l i z e d  c o n t r o l s .

H u t t  e t  al  (196*+) and H u t t ,  H u t t ,  Lee ,  and Ounsted (1965)  

h yp o th es iz ed  t h a t  a u t i s t i c  c h i l d r e n  a re  in a c h r o n i c a l l y  h ig h  s t a t e  

of  a r o u s a l .  T h is  is m a n i fe s te d  by the  desynchro n ized  or  h i g h e r  

f req u ency  EEG o f  a u t i s t i c  c h i l d r e n  compared t o  normal c h i l d r e n  o f  

the  same c h r o n o l o g i c a l  age .  Acc ord ing  t o  t h i s  v i e w ,  t h e  a b e r r a n t  

responsive ness  t o  sensory s t i m u l a t i o n  in Chi ldhood Aut ism is due t o  

b l o c k i n g  o f  the normal sensory  pathways and c a t a s t r o p h i c  r e a c t i o n  to  

novel s t i m u l a t i o n  is due t o  o v e r a c t i v a t i o n  o f  the t o n i c a l l y  e x c i t e d  

r e t i c u l a r  sys tem.  Rimland (19 64 )  d iscusse d  t h e  f a c t  t h a t  these  c h i l d ­

ren sometimes appear  underaroused  and o t h e r  t imes o v e r a r o u s e d .  However,  

these views a re  not  based on e x p e r im e n t a l  d a t a .  A l though i n v e s t i g a t o r s  

seem t o  agr ee  t h a t  a u t i s t i c  c h i l d r e n  appear  d i f f e r e n t  than normal  

c h i l d r e n  in a ro usa l  s t a t e  and in t h e i r  re sp onse st o  s p e c i f i c  types  o f  

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

as a b a s ic  d e f e c t  in t h i s  d i s o r d e r .

e .  S e l e c t i v e  a t t e n t i o n . Another  commonly h e ld  v ie w  is t h a t  the  

d i s t u r b a n c e  in Ch i ldhood Autism in v o l ve s  impa ired a b i l i t y  t o  s e l e c t i v e l y  

a t t e n d .  Once a g a i n ,  as t h e  f o l l o w i n g  examples w i l l  show, i n v e s t i g a t i o n s  

do not c o n c l u s i v e l y  sup p o r t  t h i s  v i e w .  L ovaas , Schreibman,  K o e g e l , and 

Rehm (19 70 )  used the  m u l t i c u e d  s t im u l u s  complex as a d i s c r i m i n a t i v e
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s t i m u l u s .  They r e p o r te d  t h a t  when a u t i s t i c  c h i l d r e n  a re  p rese nted  

w i t h  a m u l t i c u e d  c ross-m odal  s t i m u l u s ,  the  c h i l d r e n  s e l e c t i v e l y  a t t e n d  

to  a s i n g l e  cue whereas r e t a r d e d  and normal c h i l d r e n  a t t e n d  t o  two o r  

t h r e e .  These i n v e s t i g a t o r s  concluded t h a t  in a u t i s t i c  c h i l d r e n ,  c o n t r o l  

o f  a t t e n t i o n  t r a n s f e r  from one asp ec t  o f  a s i t u a t i o n  t o  a n o th er  is 

in a de q u a te .  A s tu dy  t h a t  does not support  t h i s  v ie w  was r e p o r te d  

by H erm e l i n  and O'Connor ( 1 9 6 3 ) .  They compared s e l e c t i v e  a t t e n t i o n  

in a u t i s t i c  c h i l d r e n  and subnormal c h i l d r e n  in the  presence  o f  v a r io u s  

s im p le  v i s u a l  s t i m u l i  and in an empty room. These i n v e s t i g a t o r s  

r e p o r te d  t h a t  t h e r e  was no d i f f e r e n c e  between the  groups in amount  

o f  a t t e n t i o n  paid  t o  e n v ir o n m e n ta l  s t i m u l i ,  and concluded t h a t  the  

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

and d i r e c t  responses a t  l e a s t  as w e l l  as subnormal c o n t r o l s .  Thus,  as 

in a l l  o f  the  areas o f  sensory p r o ce ss in g  p r e v i o u s l y  r e v ie w e d ,  the  

d e m o n s t r a t io n  o f  a t t e n t i o n a l  d e f i c i t s  in a u t i s t i c  c h i l d r e n  is dependent  

upon s p e c i f i c  e x p e r im e n t a l  c o n d i t i o n s .  For t h i s  reas on,  h y p o t h e t i c a l  

c o n s t r u c t s  such as s e l e c t i v e  a t t e n t i o n ,  a r o u s a l ,  and a s s o c i a t i o n a l  

process in g  a r e  o f  q u e s t i o n a b l e  v a l u e  in i d e n t i f y i n g  fundamental  d e f i c i t s  

in Ch i ld hood  A u t is m .  At p r e s e n t ,  o p e r a t i o n a l  r a t h e r  than a b s t r a c t  

d e f i n i t i o n s  o f  t h e s e  processes would seem t o  be e s s e n t i a l .

2 .  Impairment o f  Language

Language d is tu r b a n c e s  a re  th e  most s t r i k i n g  and u b i q u i t o u s  impairment  

in Ch i ld hood  A u t is m .  The o r i g i n  o f  the  language d e f i c i t  remains a 

s u b j e c t  o f  c o n t r o v e r s y .  Among the  v a r io u s  c u r r e n t l y  h e l d  views a r e ;
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abnormal language development  (Wing, 1 969 ) ;  absence o f  m a te rn a l  speech  

model ( G o l d f a r b ,  196 1) ;  c e n t r a l  nervous system d y s f u n c t i o n  (De M e y e r ,  

1975;  P r onovos t ,  W a k s t e i n ,  and W a k s t e i n ,  1966;  R u t t e r ,  196 6 ) ;  poor  

d i s c r i m i n a t i o n  o f  s o c i a l  r e i n f o r c e r s  (Cunningham, 1 96 8 ) ;  psychopatho logy  

(De H i r s c h ,  1 96 7 ) ;  o r g a n i c  b r a i n  d e f e c t s  ( C h u r c h i l l ,  1 9 7 2 ) .  None o f  

t hese  v ie w s ,  however ,  a re  supported  by e x p e r i m e n t a l  d a t a .

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

p e r c e p t u a l  f u n c t i o n s  have y i e l d e d  e v id e n ce  s u g g e s t in g  d i s c r i m i n a t i v e  

and a s s o c i a t i v e  impairments t h a t  might  i n t e r f e r e  w i t h  language d e v e l o p ­

ment i n c l u d i n g  impa ired a u d i t o r y  and v i s u a l  d i s c r i m i n a t i o n ;  impa ired  

v i s u a l - m o t o r , a u d i t o r y - m o t o r ,  and a u d i t o r y - v i s u a l  a s s o c i a t i o n s .  Cowan 

e t  al  ( 1965 ) r e p o r t e d  poor performance  o f  a u t i s t i c  c h i l d r e n  on a t a s k  

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

s t i m u l u s .  Bryson (1970b)  r e p o r te d  g r e a t e r  d i f f i c u l t y  o f  a u t i s t i c  

c h i l d r e n  in an a u d i t o r y - v i s u a l  t a s k  than a v i s u a l - v i s u a l  match ing  t a s k  

w i t h  th e  same v i s u a l  s t i m u l i  and concluded t h a t  th e  p r im a r y  d i s a b i l i t y  

is in s h o r t - t e r m  memory r a t h e r  than i n t r a - s e n s o r y  p r o c e s s i n g .  The 

reaso n in g  beh ind t h i s  c o n c l u s i o n  is t h a t  in t h e  v i s u a l - v i s u a l  t a s k ,  

both s t i m u l i  a r e  p resen ted  s p a t i a l l y  and s i m u l t a n e o u s l y .  On t h e  o t h e r  

hand,  in the  a u d i t o r y - v i s u a l  t a s k ,  t h e  two s t i m u l i  a re  p rese nted  

s e q u e n t i a l l y ,  t h e r e b y  i n t r o d u c i n g  memory as a f a c t o r  in c o r r e c t  response  

c h o i c e .  H erm e l i n  and O'Connor (1967b)  compared a u d i t o r y - v o c a l  memory 

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

namely no d i f f e r e n c e  in t h e  number o f  words r e c a l l e d ,  s u g g e s t in g  t h a t
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s im p le  s h o r t - t e r m  memory per se was not i m p a i r e d .  I t  is e v i d e n t ,  however ,  

t h a t  s h o r t - t e r m  memory is not  the  o n ly  process in v o lve d  in in t e r s e n s o r y  

a s s o c i a t i o n  t a s k s .  W a lk er  and B i r c h ' s  (19 70 )  stu dy  o f  i n t e r s e n s o r y  

p a t t e r n  matching has a l r e a d y  been m ent ioned.  T h e i r  r e s u l t s  support  

the  v iew t h a t  a u t i s t i c  c h i l d r e n  have severe a u d i t o r y - v i s u a l  a s s o c i a t i v e  

process in g  im pa irm ents .

Se vera l  i n v e s t i g a t o r s  have d es c r ib e d  v a r io u s  aspec ts  o f  communi­

c a t i v e  impairments in a u t i s t i c  c h i l d r e n .  Pronovost  e t  al  (19 6 6 ) 

ana ly zed  speech p a t t e r n s  o f  a u t i s t i c  c h i l d r e n  and compared them to  

those  o f  aph as ic  c h i l d r e n ;  Ricks and Wing (1975 )  compared c h a r a c t e r i s t i c s  

o f  v e r b a l  language and o t h e r  forms o f  communicat ion in normal and 

a u t i s t i c  c h i l d r e n  and suggested t h a t  th e  c e n t r a l  problem in Childhood  

Aut ism is impairment o f  complex symbol ic  f u n c t i o n i n g .  Once a g a i n ,  

none o f  the  f o r e g o i n g  r e p o r t s  p r o v i d e  e x p e r im e n t a l  d a t a .

D e s p i t e  some a p p a r e n t l y  c o n t r a d i c t o r y  hypotheses about  the  b as ic  

n a t u r e  o f  t h e  language impairment in Ch i ldhood Aut ism and a p a u c i t y  

o f  e x p e r im e n ta l  d a t a  in support  o f  any v iew o r  d e f i n i t i o n  o f  t h e  

im pa irm ent ,  i t  seems c l e a r  t h a t  a u t i s t i c  c h i l d r e n  have s e v e r e  d e f i c i t s  

a f f e c t i n g  a l l  aspec ts  o f  communica t ion ,  not m e re ly  speech o r  v e rb a l  

language.

C . C r i t i q u e  o f  B eh a v io r a l  Approaches  

t o  t h e  Study o f  Ch i ldhood Autism  

B e h a v io r a l  s t u d i e s  o f  Ch i ldhood Aut ism have o f t e n  been f la w ed  by 

u n s a t i s f a c t o r y  c o n t r o l s ,  p o o r l y  d e f i n e d  response measures,  and by the  

genera l  presump t ion  t h a t  th e s e  c h i l d r e n  both understand  t a s k  r e q u i r e -
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ments and have normal p e r c e p t i o n .  Even the  most e l e g a n t  s t u d i e s  o f  

sensory  i n f o r m a t i o n  pro cess in g  in Ch i ldhood Aut ism have o f t e n  ignored  

the  r o l e  o f  t h e  c h i l d r e n s '  c h a r a c t e r i s t i c a l l y  low l e v e l  o f  a t t e n t i v e n e s s  

in m o d u la t io n  o f  sensory i n p u t .  Indeed,  g iv en  the  c u r r e n t  poor d e f i n i t i o n  

o f  a r e l a t i o n  between a t t e n t i o n  and per formance o f  tasks r e q u i r i n g  

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

d i f f e r e n t  s tag es  of  i n f o r m a t i o n  pro cess in g  can e a s i l y  be e x p l a i n e d  

as a t t e n t i o n a l  e f f e c t s  r a t h e r  than d e f e c t s  in th e  p rocess in g  o f  s t i m u l u s  

i n f o r m a t i o n  per  s e . F a i l u r e  t o  d i scuss th e  r o l e  o f  a t t e n t i o n a l  e f f e c t s  

on the  e x t e n t  to  which s t i m u l u s  i n f o r m a t i o n  reaches a s p e c i f i c  l e v e l  

in t h e  nervous system is t o  be d i s t i n g u i s h e d  c a r e f u l l y  from f a i l u r e  t o  

c o n t r o l  a t t e n t i o n a l  e f f e c t s .  The l a t t e r  c o n s t i t u t e s  an e x t r e m e l y  s e r io u s  

and as y e t  un res o lv ed  e x p e r im e n t a l  sho rtcom ing  o f  p h y s i o l o g i c  as w e l l  

as b e h a v i o r a l  s t u d i e s  o f  sensory p r o c e s s in g .  I w i l l  comment f u r t h e r  on 

t h i s  problem in the  d is c u s s io n  s e c t i o n .

A c r u c i a l  f a c t o r  t h a t  has c o n t r i b u t e d  t o  the  g enera l  f a i l u r e  t o  

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

d e r i v e s  from a l i m i t a t i o n  o f  the  b e h a v i o r a l  method i t s e l f .  The b e h a v i o r a l  

method a lo n e  can not p r o v i d e  s p e c i f i c  i n f o r m a t i o n  on b r a i n  processes  

t h a t  a r e  r e l a t e d  t o  d y s f u n c t i o n a l  b e h a v i o r .  There  is a need in re searc h  

on sensory  processes in a u t i s t i c  c h i l d r e n  f o r  q u a n t i t a t i v e  i d e n t i f i c a t i o n  

o f  p h y s i o l o g i c  a b n o r m a l i t i e s  s p e c i f i c  t o  s tag es o f  i n f o r m a t i o n  pro cess in g  

i n c l u d i n g  s en so r im o to r  sequences.

In c o n c l u s i o n ,  Chi ldhood Aut ism is a c o n d i t i o n  c h a r a c t e r i z e d  

c l i n i c a l l y  by a number o f  s p e c i f i c  impairments o c c u r r i n g  in a v a r i e t y
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o f  com bina t ions and g i v i n g  r i s e  to  a p a t t e r n  o f  a b e r r a n t  b e h a v i o r .  

Although b e h a v i o r a l  i n v e s t i g a t o r s  have f a i l e d  to  e s t a b l i s h  e i t h e r  

th e  e x i s t e n c e  o f  a s i n g l e  d e f i n a b l e  p a t h o p h y s i o l o g i c  process or  to  

i d e n t i f y  p a t h o l o g i c  mechanisms u n d e r l y i n g  t h i s  d i s o r d e r ,  they  have 

o b ta in e d  e v id ence  o f  abnormal sensory  processes and la nguage.  Given  

th e  aim o f  i d e n t i f y i n g  s p e c i f i c  i n f o r m a t i o n  p roce ss ing  d e f e c t s  in 

a u t i s t i c  c h i l d r e n  and examin ing  th e  r e l a t i o n  between b e h a v i o r a l l y  

d e f i n e d  d e f e c t s  and p h y s i o l o g i c a l l y  d e f i n e d  d e f e c t s ,  t h e  use fu lne s s  

o f  a b e h a v i o r a l  method used in com bina t io n  w i t h  a p a r t i c u l a r  

e l e c t r o p h y s i o l o g i c  method is sug gested .

D . E v e n t - R e l a t e d  P o t e n t i a l s :  S tu d ies  o f

Sensory Processes and Language

1. Background

Ideas about  the  f u n c t i o n a l  r e l a t i o n  o f  b r a i n  processes and b e h a v i o r  

were f i r s t  f o r m u la t e d  o ver  100 yea rs  ago. In 1868 Donders proposed an 

e x p e r im e n t a l  method f o r  d e l i n e a t i n g  the t i m i n g  o f  b r a i n  processes  

a s s o c i a t e d  w i t h  s im p le  sensory d i s c r i m i n a t i o n  and w i t h  o r g a n i z a t i o n  o f  

a motor response .  He u t i l i z e d  a b e h a v i o r a l  method t h a t  compared r e a c t i o n  

t im e  (RT) t o  a known s t im u l u s  w i t h  t im e  r e q u i r e d  to  respond t o  a 

d i s c r i m i n a t i v e  s t i m u l u s .  D i s t i n c t  b r a i n  processes were i n f e r r e d  from 

the  b e h a v i o r a l  d a t a .  A d i r e c t  t e s t  o f  Donder 's  ideas about  the  r e l a t i o n  

o f  d i s t i n c t  c e n t r a l  processes and s p e c i f i c  s tag es  o f  sensory i n f o r m a t i o n  

p ro ce ss in g  depended upon the  development  o f  a p p r o p r i a t e  p h y s i o l o g i c  

t e c h n i q u e s .  These were fo r th c o m in g  but  a s h o r t  t im e  l a t e r  and in 1875
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Caton r e p o r te d  the  f i r s t  r e c o rd in g s  o f  e l e c t r i c a l  f l u c t u a t i o n s  f o l l o w i n g  

p e r i p h e r a l  s t i m u l a t i o n  and a s s o c i a te d  w i t h  motor a c t i v i t y  f rom the  

exposed s u r f a c e  o f  a r a b b i t ' s  b r a i n .  A v a i l a b i l i t y  o f  e l e c t r o n i c  

a m p l i f i c a t i o n  made p o s s i b l e  the subsequent f i n d i n g s  o f  Berger  (1929)  

who d e s c r ib e d  b r a i n  rhythyms (EEG) recorded f rom the  human s c a l p .

Some t h i r t y  yea rs  l a t e r ,  commercial  a v a i l a b i l i t y  o f  computers and 

a p p l i c a t i o n  o f  e l e c t r o n i c  a v e r a g in g  techn iques  to  a n a l y s i s  o f  the  

EEG p rov ided  the  c a p a c i t y  f o r  d e t e c t i n g  even s m a l l e r  b r a i n  p o t e n t i a l s .  

The e l e c t r o n i c  t echn iques  were employed t o  enhance b r a i n  s i g n a l s  t h a t  

a r e  r e l a t e d  c o n s i s t e n t l y  in t ime  t o  o b s e r v a b l e  r e f e r e n c e  events  and 

t o  cancel  spontaneous b r a i n  a c t i v i t y  o r  EEG. Th is  was accompl ished  

by a v e r a g in g  re pea te d  samples o f  n e u r o e l e c t r i c  a c t i v i t y  w i t h  r e s p e c t  

t o  a s p e c i f i e d  t im e  r e f e r e n c e .  At  f i r s t ,  most a p p l i c a t i o n s  o f  the  

a v e r a g in g  te c h n i q u e  t o  b r a i n  a c t i v i t y  in v o lve d  a n a l y s i s  o f  responses  

e l i c i t e d  by a s t im u l u s  o r  "evoked p o t e n t i a l s "  ( E P ) .  The method o f  

r e p ea te d  measurements,  however ,  can a l s o  be used to  enhance b r a i n  

s i g n a l s  t h a t  a re  t i m e - l o c k e d  t o  ano th er  t y p e  o f  o b j e c t i v e  r e f e r r e n t ,  

namely a motor  re sp onse .  For t h i s  reason the  term e v e n t - r e l a t e d  

p o t e n t i a l  (ERP) was soon in t ro duced  (Vaughan,  1969) t o  app ly  t o  a l l  

b r a i n  p o t e n t i a l s  t h a t  can be s u b j e c t  t o  t h e  a v e r a g in g  t e c h n i q u e ,  not  

m e re ly  t o  s t im u l u s  evoked p o t e n t i a l s .

I n t r o d u c t i o n  o f  the  more i n c l u s i v e  a p p e l a t i o n ,  ERP, widens the  

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

s tu dy  o f  s e n so r im o to r  p ro ce ss e s .  In e f f e c t ,  i t  p e r m it s  the  p h y s i o l o g i c  

a n a l y s i s  o f  b r a i n  processes and t h e  b e h a v i o r a l  a n a l y s i s  o f  sensory
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i n f  orrr.at ion t r a n s m i s s i o n  t o  be c a r r i e d  out w i t h i n  the  same e x p e r im e n ta l  

f ramework through use o f  the i n f o r m a t i o n  pro cess in g  model .  In genera l  

t e rm s ,  t h i s  model d e s c r ib e s  passage o f  i n f o r m a t i o n  f rom one l o c a t i o n  

to  ano ther  in space and t im e  w i t h i n  t h e  nervous system.  Given a v a i l ­

a b i l i t y  o f  the  neces sary  p h y s i o l o g i c  t e c h n i q u e ,  the  RT method provides  

th e  e x p e r im e n t a l  paradigm t h a t  is e s s e n t i a l  f o r  stu dy  o f  r e l a t i o n s  

between b r a i n  and b e h a v i o r  processes .  F i n a l l y ,  c o u p l i n g  o f  the  ERP 

and RT methods w i t h i n  a u n i t a r y  concep tual  f ramework and in a range o f  

e x p e r im e n ta l  c o n d i t i o n s  p er m it s  e x a m in a t io n  o f  the  r e l a t i o n  between  

p h y s i o l o g i c  events  s p e c i f i c  t o  stages  o f  i n f o r m a t i o n  p ro cess in g  and 

b e h a v i o r a l  events  t h a t  d e f i n e  d i f f e r e n t  s tag es o f  i n f o r m a t i o n  

process i n g .

2 .  E v e n t - r e l a t e d  p o t e n t i a l  c h a r a c t e r i s t i c s

There  a re  f o u r  p r i n i c i p a l  types o f  e v e n t - r e l a t e d  p o t e n t i a l s ;  

sensory evoked p o t e n t i a l s ,  t a s k - r e l a t e d  (or  a s s o c i a t i o n )  p o t e n t i a l s ,  

motor p o t e n t i a l s ,  and s te ad y  p o t e n t i a l  s h i f t s .  Sensory evoked p o t e n t i a l s  

a r e  o b l i g a t o r y  b r a i n  respones ,  the  r e c o r d in g  o f  which r e q u i r e s  a s e r i e s  

o f  b r i e f  s t i m u l i .  P r o p e r t i e s  o f  the responses depend upon s t i m u l u s  

parameters  and the s t a t e  o f  the  organism when i t  is s t i m u l a t e d .  Task -  

r e l a t e d  p o t e n t i a l s  a re  b r a i n  responses t h a t  a r e  a s s o c i a te d  w i t h  an 

i n d i v i d u a l ' s  judgment t h a t  a g iv en  s t im u l u s  e v e n t ,  w i t h i n  a s e t  o f  

e v e n t s ,  is s i g n i f i c a n t  o r  d i f f e r e n t .  P r o p e r t i e s  o f  t h i s  response a re  

p r i m a r i l y  d e f i n e d  by t a s k  v a r i a b l e s  r a t h e r  than s t im u l u s  v a r i a b l e s .

Motor p o t e n t i a l s  a r e  averaged responses t h a t  d i r e c t l y  precede and
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accompany muscle c o n t r a c t i o n s .  Steady p o t e n t i a l  s h i f t s  a re  slow  

s h i f t s  in c o r t i c a l  p o t e n t i a l s  t h a t  a re  a s s o c ia te d  w i t h  a n t i c i p a t o r y  

processes and w i t h  sensory  s t i m u l a t i o n .

I w i l l  d iscuss o n ly  s t u d i e s  o f  c e r t a i n  sensory evoked p o t e n t i a l s  

(namely ,  a u d i t o r y  and v i s u a l  evoked p o t e n t i a l s )  and t a s k - r e l a t e d  

p o t e n t i a l s  because t h i s  is th e  type  o f  n e u r o e l e c t r i c  d a ta  t h a t  w i l l  

be o b ta i n e d  in the  p re se n t  i n v e s t i g a t i o n .

3 .  Sensory Evoked P o t e n t i a l s

a.  I n t r o d u c t  i o n . P r o p e r t i e s  o f  sensory  evoked p o t e n t i a l s  have  

been examined in some d e t a i l .  Reports  i n d i c a t e  t h a t  waveforms a re  

more r e p r o d u c i b l e  w i t h i n  s u b j e c t s  than between s u b j e c ts  and t h a t  a 

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

The f o l l o w i n g  examples w i l l  i l l u s t r a t e  the  e f f e c t  o f  some e x p e r im e n t a l  

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

response and the  v i s u a l  evoked resp onse .

b .  A u d i t o r y  evoked p o t e n t i a l s . A l though responses evoked by 

a u d i t o r y  s t i m u l a t i o n  were f i r s t  d e s c r ib e d  by Davis  ( 1 9 3 9 ) ,  they  have  

not  been s y s t e m a t i c a l l y  s t u d i e d  u n t i l  q u i t e  r e c e n t l y .  D ur ing  the  past  

s e v e r a l  y e a r s ,  s y s t e m a t i c  i n v e s t i g a t i o n s  have e s t a b l i s h e d  t h e  b a s ic  

p a t t e r n  o f  a l a r g e  number o f  components in the  ave rage  p o t e n t i a l  evoked  

by aud i t o r y  s t i m u l i .

i .  Subcort  i c a l ; A v ery  e a r l y  s e r i e s  o f  waves ( t h e  a u d i t o r y  b r a in s t e m  

response)  is recorded in the  i n i t i a l  8msec a f t e r  a u d i t o r y  s t i m u l a t i o n .

A c o n s i s t e n t l y  observed lo nger  l a t e n c y  p o t e n t i a l  ( th e  a u d i t o r y  c o r t i c a l
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response)  is recorded a p p r o x i m a te l y  50-250msec a f t e r  a u d i t o r y  s t im u ­

l a t i o n .

J e w e t t ,  Romano, and W i l l i s t o n  ( 1 9 7 0 ) ,  Hecox and Galambos (197*0 » 

and Salamy and McKean (1976 )  have e s t a b l i s h e d  the g en e ra l  and age -  

r e l a t e d  p r o p e r t i e s  o f  the a u d i t o r y  b r a in s t e m  response .  In p a r t i c u l a r ,  

Jew ett  e t  a l  (1970)  observed a s e r i e s  o f  f i v e  to  seven p o s i t i v e  waves 

t h a t  a re  r e l i a b l y  recorded  w i t h i n  t h e  f i r s t  8msec a f t e r  a u d i t o r y  

s t i m u l a t i o n  and suggested t h a t  these  waves r e f l e c t  s e q u e n t i a l  a c t i ­

v a t i o n  o f  a u d i t o r y  b r a in s te m  n u c l e i  and pathways.  Hecox and Galambox 

(197*+) r e p o r te d  a p r o g r e s s i v e  d e c l i n e  in the  l a t e n c y  o f  wave number 

f i v e  from t h r e e  weeks to  two years  o f  age and suggested t h a t  t h i s  

l a te n c y  measure be used as an index o f  c e r e b r a l  m a t u r a t i o n .  Salamy  

and McKean (1976 )  showed t h a t  the  b r a in s t e m  evoked p o t e n t i a l  waveform  

in i n f a n t s  shows a d u l t  p a t t e r n s  by t h r e e  t o  s i x  months and t h a t  the  

b r a in s te m  evoked response is q u i t e  r e s i s t a n t  t o  h a b i t u a t i o n  as a 

consequence o f  c ont in ued  s t i m u l a t i o n .  Because r e c o r d i n g  o f  the  

a u d i t o r y  b r a in s te m  response does not  r e q u i r e  c o o p e r a t i o n  on the p a r t  

o f  a s u b j e c t ,  the  response is a u s e fu l  p h y s i o l o g i c  measure o f  h e a r in g  

in i n f a n t s ,  m u l t i p l y  handicapped c h i I d r e n , , a n d /o r  i n a t t e n t i v e  s u b j e c t s .  

Although the  e I e c t r o p h y s i o l o g i c  response g iv es  no i n f o r m a t i o n  about  

a b i l i t y  t o  process a u d i t o r y  i n f o r m a t i o n  and use i t  in the  p ro d u c t io n  

o f  a s p e c i f i e d  b e h a v i o r a l  response ,  b r a i n s t e m  ( a u d i t o r y  evoked)  

responses a re  p ro v ing  to  be a u s e fu l  d i a g n o s t i c  t o o l  f o r  a u d i o l o g i c  

and n e u r o l o g i c  d i s o r d e r s  and a u se fu l  measure in the  s tu dy  o f  

p h y s io lo g ic  c o r r e l a t e s  o f  sensory  i n f o r m a t i o n  p r o c e s s in g .
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i i .  C o r t i c a l  components: The l a t e r  components o f  the  a u d i t o r y

evoked responses were f i r s t  observed by Davis  ( 1 9 3 9 ) .  She d e s cr ib ed  

a t r i p h a s i c  waveform c h a r a c t e r i z e d  by a small  p o s i t i v e  peak ( P i )  w i t h  

a l a t e n c y  o f  12-60msec,  f o l l o w e d  by a l a r g e  n e g a t i v e  peak ( N l )  w i t h  

a l a t e n c y  o f  about  100msec, and a second p o s i t i v e  peak (P2) w i t h  a 

la te n c y  o f  a p p r o x im a te ly  200msec. T h is  c o r t i c a l  response is most 

prominent  in a v e r t e x  e l e c t r o d e  s i t e .

The e f f e c t  o f  re pea te d  s t i m u l a t i o n  on a u d i t o r y  evoked response a m p l i ­

tude  has been s tu d ie d  e x t e n s i v e l y .  S tu d ie s  o f  h a b i t u a t i o n  ( s h o r t - t e r m )  

o f  t h e  response have g en e ra te d  c o n t r a d i c t o r y  r e s u l t s .  There have been 

r e p o r t s ,  on the  one hand,  t h a t  when a u d i t o r y  s t i m u l i  a re  prese nted  

r e p e a t e d l y  t h e r e  is a gradua l  decrement  in response a m p l i t u d e  ( D a v i s ,

M as t ,  Y o s h ie ,  and Z e r l i n ,  1 9 6 6 ) .  S inc e  b e h a v i o r a l  s tu d i e s  have shown 

t h a t  a t t e n t i o n  decreases r a p i d l y  d u r in g  p r e s e n t a t i o n  o f  the  f i r s t  few 

in a s e r i e s  o f  s t i m u l i ,  loss o f  a t t e n t i o n  is not  a good e x p l a n a t i o n  

o f  the  gradua l  response d ecre m ent .  On the o t h e r  hand,  R i t t e r ,  Vaughan,  

and Costa  ( 1 9 6 8 ) ,  summing responses t o  s i n g l e  s e q u e n t i a l  s t i m u l i  across  

r u n s ,  r e p o r te d  r a p i d  s h o r t - t e r m  decrement o f  t h e  response re corded in 

a s s o c i a t i o n  w i t h  re pea te d  s t i m u l a t i o n  in a two second i n t e r s t i m u l u s  

i n t e r v a l  ( I S 1) c o n d i t i o n  and no response decrement  in a te n  second ISI  

c o n d i t i o n .  This  r e s u l t  suggested t h a t  the  r a p id  decreas e  in response  

a m p l i t u d e  in t h e  s h o r t e r  IS I  c o n d i t i o n  was not  a r e f l e c t i o n  o f  a t t e n t i o n  

loss but  r a t h e r  a r e f l e c t i o n  o f  r e f r a c t o r i n e s s  w i t h i n  the  a u d i t o r y  

sys tem.  These r e s u l t s  c e r t a i n l y  u n d e r l i n e  t h e  need in s tu d i e s  o f
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a u d i t o r y  evoked p o t e n t i a l s  f o r  c a r e f u l  m a n i p u l a t i o n  o f  e xp er im e n ta l  

v a r i a b l e s  and c a r e f u l  s e l e c t i o n  o f  a v e rag in g  procedures in the  

d e t e r m i n a t i o n  o f  a d e f i n i t i v e  answer about h a b i t u a t i o n .  Because 

h a b i t u a t i o n  is o f t e n  suggested as an e x p l a n a t i o n  o f  f a u l t y  sensory  

i n f o r m a t i o n  p r o c e s s in g ,  t h e  e l e c t r o p h y s i o l o g i c  study o f  s u b je c ts  

presumed t o  have such impairments r e q u i r e s  g r e a t  c a r e .

Rate o f  a u d i t o r y  s t im u l u s  p r e s e n t a t i o n  is a v a r i a b l e  t h a t  has 

been used t o  stu dy normal c h i l d r e n  and c h i l d r e n  w i t h  developmental  

language d i s a b i l i t i e s .  Lowe and Campbell  (1965)  and T a l l a l  and P i e r c y  

( 1973b) r e p o r te d  decreased performance  o n ly  in th e  l a t t e r  group on 

a u d i t o r y  sequencing and a u d i t o r y  memory tas ks  as IS I  dec re as ed .  

U n f o r t u n a t e l y ,  these  s t u d i e s  used nonlanguage d e f i c i t e d  c h i l d r e n  as 

c o n t r o l s .  Thus,  i t  is not p o s s i b l e  t o  t e l l  whether  o r  not  d e f i c i t s  

in r a p id  a u d i t o r y  p ro ce ss in g  were s p e c i f i c a l l y  a s s o c i a te d  w i t h  language  

d i s a b i l i t y  or  a r e f l e c t i o n  o f  u n d e r l y i n g  b r a i n  damage. In any c as e ,  

t h e  e f f e c t  o f  changes in IS I  should c e r t a i n l y  be examined in e l e c t r o -  

p h y s i o l o g i c  s t u d i e s  o f  sensory  p ro ce ss in g  in c h i l d r e n  wi th b e h a v i o r a l l y  

d e f i n e d  temporal  p rocess in g  d e f i c i t s .

Severa l  i n v e s t i g a t o r s  have s tu d i e d  a u d i t o r y  evoked p o t e n t i a l s  

recorded f rom s c h i z o p h r e n i c  p a t i e n t s  a n d /o r  t h e i r  c h i l d r e n .  In t h i s  

r e g a r d ,  many c o n t r a d i c t o r y  r e s u l t s  have been r e p o r te d  and, in a d d i t i o n ,  

t h e r e  e x i s t s  a smal l  body o f  c o n s i s t e n t  d a ta  t h a t  can be summarized as 

f o l l o w s :  a m p l i t u d e  o f  the  e a r l y  peak is no d i f f e r e n t  than in normals

and a m p l i tu d e  o f  component peaks t h a t  occur  50msec o r  more a f t e r
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s t im u l u s  p r e s e n t a t i o n  is s m a l l e r  than in normals (Jo nes,  and C a l la w a y ,

1970; S a l e t u ,  I t i l ,  and S a l e t u ,  1 971 ) ;  the l a t e n c y  o f  component peaks 

is f a s t e r  ( S a l e t u  e t  a l ,  1 9 7 0 .  the  v a r i a b i l i t y  o f  l a t e  a u d i t o r y  evoked 

p o t e n t i a l  components is g r e a t e r  than in normals and the v a r i a b i l i t y  o f  

e a r l y  components is s m a l l e r  than in normals ( C a l l a w a y ,  Jones,  and 

Donch i n ,  1 97 0 ) .

c .  V i s u a l  evoked p o t e n t i a l s . A l though the b r a i n  response t h a t  is 

recorded in a s s o c i a t i o n  w i t h  v i s u a l  s t i m u l a t i o n  is not p re se nt  in the  

a d u l t  form d u r in g  the  f i r s t  y ea r  a f t e r  b i r t h ,  a r e c o g n i z a b l e  v i s u a l  

evoked p o t e n t i a l  can be re corded in newborns.  T h is  response is 

l o c a l i z e d  in the  o c c i p i t a l  r e g io n  o f  the  c o r t e x .  C iganek  (19 6 1) descr ib ed  

the v i s u a l  evoked p o t e n t i a l  recorded in a s s o c i a t i o n  w i t h  u n p a t te rn ed  

f l a s h  s t i m u l a t i o n .  The waveform is c h a r a c t e r i z e d  by t h r e e  prominent  

peaks; a p o s i t i v e  peak a t  about  60msec, f o l l o w e d  by a n e g a t i v e  peak at  

about  75msec, and a second p o s i t i v e  peak a t  about  100msec. A s e r i e s  

o f  n e g a t i v e  and p o s i t i v e  peaks w i t h  l a t e n c i e s  t h a t  range from about  

110-400msec u s u a l l y  completes the v i s u a l  evoked response .  Sh ort  l a te n c y  

v i s u a l  evoked p o t e n t i a l  components r e f l e c t i n g  a c t i v i t y  in s u b c o r t i c a l  

v i s u a l  s t r u c t u r e s  have not been d e s c r i b e d .

The waveform o f  the  v i s u a l  evoked p o t e n t i a l  is s i g n i f i c a n t l y  

i n f l u e n c e d  by many v a r i a b l e s  such as p a t t e r n i n g ,  s t i m u l u s  i n t e n s i t y  

and f r e q u e n c y ,  and hue.  MacKay and J e f f r e y  (1973)  have provided  an 

e x c e l l e n t  summary o f  the se  e f f e c t s .

Data o b ta i n e d  in s t u d i e s  o f  v i s u a l  evoked p o t e n t i a l s  recorded from 

s c h i z o p h r e n i c  p a t i e n t s  a n d /o r  t h e i r  c h i l d r e n  a re  d i f f i c u l t  t o  i n t e r p r e t
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and t o  summarize because no c o n s i s t e n t  body o f  i n f o r m a t i o n  e x i s t s .

S e ve ra l  examples f o l l o w .  Speck, Dim, and Mercer  (1966)  r e p o r te d  no 

d i f f e r e n c e s  in l a t e n c y  o f  the  response recorded  f rom s c h iz o p h r e n ic s  

and norm a ls .  R ap p a po r t ,  Hopk ins ,  H a l l ,  and B e l l e z a  (19 73 )  r e p o r te d  

lon ger  l a t e n c i e s  o f  the  responses recorded f rom s c h i z o p h r e n i c s .  To 

com ple te  the  c o n fu s in g  p i c t u r e ,  Shagass and Schwartz  (19 65 )  r e p o r te d  

s h o r t e r  l a t e n c i e s  in t h e  s c h i z o p h r e n i c s .  S i m i l a r l y ,  r e p o r t s  about  

a m p l i tu d e  o f  th e  v i s u a l  evoked response have ranged from s m a l l e r  

a m p l i tud e s  in t h e  s c h i z o p h r e n i c s  (Rappaport ,  Hopk ins ,  H a l l ,  B e l l e z a ,  

and H a l l ,  1975;  Shagass,  S t r a u m a n is ,  Roemer, and Amadeo, 1977) to  

l a r g e r  a m pl i tudes  (Herman, M i r s k y ,  and R i c k s ,  197 7) *  There  seems,  

however,  to be a modicum o f  agreement  about  th e  in c re ased  v a r i a b i l i t y  o f  

the  v i s u a l  evoked response in s c h i z o p h r e n i c s  compared to  normals ( L i f s h i t z ,  

1969; Shagass,  1976) -  perhaps r e l a t e d  t o  poor d i a g n o s t i c  c r i t e r i a .  

k . T a s k - R e l a t e d  P o t e n t i a l s

a .  I n t r o d u c t i o n . E v e n t - r e l a t e d  p o t e n t i a l s  re corded from the  

human s c a l p  in a s s o c i a t i o n  w i t h  sensory  s t i m u l a t i o n  have p rovided  

q u a n t i t a t i v e  i n f o r m a t i o n  about  i n f l e x i b l e  c e r e b r a l  i n f o r m a t i o n  processes  

consequent  t o  incoming sensory  d a t a .  E v e n t - r e l a t e d  p o t e n t i a l s  reco rded  

in a s s o c i a t i o n  w i t h  sensory s t i m u l a t i o n  have a l s o  p ro v ide d  i n f o r m a t i o n  

about  n eu ra l  a c t i v i t y  r e l a t e d  t o  nonob 1 i g a t o r y  c e r e b r a l  a n a l y s i s  o f  

sensory i n f o r m a t i o n .  These b r a i n  re sponses,  t a s k - r e l a t e d  p o t e n t i a l s ,  

are  p re se n t  o n ly  in c o n d i t i o n s  where a p e r ce p tu a l  judgment  about  s t im u l u s  

events is r e q u i r e d .  The waveform o f  th e  t a s k - r e l a t e d  p o t e n t i a l  is 

c h a r a c t e r i z e d  by two peaks,  a n e g a t i v e  f o l l o w e d  by a p o s i t i v e .  The
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n e g a t i v e  component has a d i s t r i b u t i o n  c o m p a t ib le  w i t h  sources near the  

p r im a ry  c o r t i c a l  p r o j e c t i o n  a re a  o f  the s t im u l u s  i n p u t ,  t h a t  is to  say ,  

t h i s  d i s t r i b u t i o n  is d i f f e r e n t  in each sensory  m o d a l i t y .  The p o s i t i v e  

component can be a t t r i b u t e d  to  sources w i t h i n  m o d a l i t y - u n s p e c i f i c  

a s s o c i a t i o n  areas o f  the  p a r i e t a l  c o r t e x  (Vaughan,  1969; Simson,

Vaughan, and R i t t e r ,  1967a, 1 9 7 7 ) .  The waveform o f  the  t a s k - r e l a t e d  

response v a r i e s  c o n s i d e r a b l y  more than t h a t  o f  the  sensory  evoked 

response and i t s  t i m i n g  as w e l l  as i t s  topography a r e  r e l a t e d  t o  s p e c i f i c  

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

The p o s i t i v e  component (LPC) o f  t a s k - r e l a t e d  p o t e n t i a l s  has r e c e iv e d  

the  most e x p e r im e n ta l  t r e a t m e n t .  One reason f o r  t h i s  is t h a t  th e  n e g a t i v e  

component t h a t  precedes t h e  LPC is e i t h e r  p a r t i a l l y  or f u l l y  obscured  

by the  c o n c u r r e n t  sensory evoked p o t e n t i a l s .

The f a c t  t h a t  t a s k - r e l a t e d  p o t e n t i a l s  can be g en e ra te d  endogenously  

and t h a t  t h e i r  p r o p e r t i e s  a re  r e l a t e d  t o  t h e  meaning o r  s i g n i f i c a n c e  o f  

a s t im u l u s  r a t h e r  than t o  i t s  p h ys ic a l  c h a r a c t e r i s t i c s  g iv es  us the  

p o s s i b i l i t y  o f  i n s i g h t  i n t o  p r e v i o u s l y  unobserved p e r c e p tu a l  p ro cesses .

In a t t e m p t i n g  t o  e x p l o i t  t h i s  p o s s i b i l i t y ,  i t  is im p o r tan t  t h a t  i n v e s t i ­

g a to r s  s tu d y i n g  the  r e l a t i o n  o f  t a s k - r e l a t e d  p o t e n t i a l s  and p sy ch o lo g ic  

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

these  c o n s t r u c t s .  To th e  e x t e n t  t h a t  t h i s  concern is e x e r c i s e d ,  and 

t o  the  e x t e n t  t h a t  the  t im e  course o f  h i g h e r  l e v e l  sensory processes  

can be e x p e r i m e n t a l l y  d e f i n e d ,  c e r t a i n  aspects  o f  u n d e r l y i n g  neura l  

a c t i v i t y  can be d e l i n e a t e d  and the  r e l a t i o n  between complex i n f o r m a t i o n
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p rocess in g  a c t i v i t y  and c e r e b r a l  processes can be e l u c i d a t e d .  Because 

of  t h i s  e x c i t i n g  p o t e n t i a l i t y  and the f a c t  t h a t  d i s o r d e r s  o f  p e r c e p t i o n  

in a u t i s t i c  c h i l d r e n  have been s t u d i e d  b e h a v i o r a l l y  in some d e t a i l ,  

study  o f  t a s k - r e l a t e d  p o t e n t i a l s  in these  c h i l d r e n  shou ld  r e c e i v e  

s p e c i a l  a t t e n t i o n .  The f o l l o w i n g  d is c u s s io n  o f  t a s k - r e l a t e d  p o t e n t i a l  

s tu d i e s  is meant t o  p r o v i d e  an o ve rv iew  o f  some e x p e r im e n t a l  models 

t h a t  have been used in t h i s  a rea  o f  re se arc h  and w i l l  be employed in 

the  p r e s e n t  s tu d y .

b.  Ex per i m enta l  v a r i a b l e s  t h a t  a f f e c t  a s s o c i a t i o n  c o r t e x  a c t i v i t y . 

V a r i a b l e s  t h a t  i n f l u e n c e  the  p r o p e r t i e s  o f  t a s k - r e l a t e d  p o t e n t i a l s  

i n c lu d e :  changes in the  p r o b a b i l i t y  o f  o c c u r re nc e  o f  an i n f r e q u e n t  

s t i m u l u s ,  changes in the  degree o f  s u b j e c t i v e  u n c e r t a i n t y  about  the  

type  o f  s t i m u l u s ,  and fee d ba ck  con c ern ing  performance  on a d i s c r i m i ­

n a t i o n  t a s k .  The e f f e c t s  o f  these  v a r i a b l e s  have been s t u d i e d  using  

s im p le  d i s c r i m i n a t i o n  procedures and us ing  a paradigm d e r i v e d  from 

s i g n a l  t h e o r y .  In t h e  l a t t e r ,  a s u b j e c t  must d e t e c t  the  presence or  

absence o f  a t a r g e t  s t im u l u s  p re sented  i n f r e q u e n t l y  w i t h i n  a s e r i e s  o f  

n o n t a r g e t  s t i m u l i .  S u t t o n ,  B r a r e n ,  and Zubin (1965 )  were t h e  f i r s t  t o  

re co rd  t a s k - r e l a t e d  p o t e n t i a l s  in a s s o c i a t i o n  w i t h  a t a s k  t h a t  r e q u i r e d  

s u b j e c t s  t o  guess the  type  ( a u d i t o r y  o r  v i s u a l )  o f  t e s t  s t i m u l u s  t h a t  

might  f o l l o w  a cue .  In t h i s  exp er im e nt  s e v e r a l  v a r i a b l e s  were mani ­

p u l a t e d ;  the  degree o f  s u b j e c t s '  u n c e r t a i n t y  r e g a r d i n g  th e  sensory  

m o d a l i t y  o f  th e  s i g n a l  ( s t i m u l i  t h a t  f o l l o w e d  the  cue were a lways l i g h t  

f l a s h e s ,  a lways c l i c k s ,  o r  e i t h e r  a f l a s h  o r  a c l i c k ) ,  feedback
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co n c ern in g  c o r r e c tn e s s  o f  a s t im u l u s  c ho ic e  ( h e r e ,  one h a l f  o f  the  

t e s t  s t i m u l i  were f l a s h e s  and one h a l f  were c l i c k s ) ,  and p r o b a b i l i t y  

o f  occu r re nc e  o f  a s i g n a l  ( t e s t  s t i m u l i  w i t h i n  a run were e i t h e r  one 

t h i r d  f l a s h e s  and two t h i r d s  c l i c k s ,  or  two t h i r d s  f l a s h e s  and one 

t h i r d  c l i c k s ) .  The i n v e s t i g a t o r s  r e p o r te d  in c re ases  in a m p l i t u d e  

o f  th e  t a s k - r e l a t e d  p o t e n t i a l s  in a s s o c i a t i o n  w i t h  inc re ases  in 

s u b j e c t s '  u n c e r t a i n t y  about  the  sensory m o d a l i t y  o f  a s i g n a l .  They 

a l s o  r e p o r t e d  inc reases  in response a m p l i tu d e  in a s s o c i a t i o n  w i t h  

decreased p r o b a b i l i t y  o f  occ urr ence  of  the  s i g n a l  and w i t h  the presence  

o f  f ee dback  con cern ing  c o r r e c t n e s s  o f  p e r c e p t u a l  ju d g m en t .  The i n f l u e n c e  

o f  s u b j e c t s '  u n c e r t a i n t y  about s t im u l u s  a l t e r n a t i v e s  on a m p l i tu d e  o f  

the  t a s k - r e l a t e d  p o t e n t i a l s  has a l s o  been s tu d i e d  by Fr ie dman ,  Simson,  

R i t t e r ,  and Rapin (19 75 )  using v i s u a l  s t i m u l i  and t h e  feedback  paradigm,  

and by S q u i r e s ,  S q u i r e s ,  and H i l l y a r d  (19 75 )  in a s i g n a l  d e t e c t i o n  t a s k  

u s ing  a u d i t o r y  s t i m u l i  w i t h o u t  f eedback  co n c ern in g  c o r r e c tn e s s  o f  

s t i m u l u s  c h o i c e .  A v a i l a b l e  da ta  i n d i c a t e  t h a t  whenever normal s u b je c ts  

a r e  r e q u i r e d  t o  e v a l u a t e  s t i m u l i  and t o  s e l e c t  a t a r g e t  s t im u l u s  from 

among n o n t a r g e t s ,  a l a r g e r  LPC f o l l o w s  th e  s e l e c t e d  t a r g e t  ( r e g a r d l e s s  

o f  the  type  o f  cue o r  th e  s t im u l u s  param ete rs )  than the  n o n t a r g e t s .

c . Nonlanguage tas ks  t h a t  a re  r e l a t e d  to  a s s o c i a t i o n  c o r t e x  a c t i v i t y . 

T a s k - r e l a t e d  p o t e n t i a l s  have been recorded in a s s o c i a t i o n  w i t h  d e t e c t i o n  

o f  s h i f t s  in s t im u l u s  i n t e n s i t y  ( R i t t e r  and Vaughan, 1969;  P i c t o n  and 

H i l l y a r d ,  1 97 *0 ,  s h i f t s  in s t i m u l u s  f req u ency  ( H i l l y a r d ,  S q u i r e s ,  Bauer ,  

and L in d s a y ,  1971;  R i t t e r ;  Simson, and Vaughan, 1972; S q u ir es  e t  a l ,  1 9 7 5 ) ,
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changes in o t h e r  s t im u l u s  parame ters  (S m i th ,  Donchin,  Cohen, and 

S t a r r ,  1970; Courchesne,  H i l l y a r d ,  and Galambos, 1975; K u r t z b e r g ,

Vaughan, and K re u z e r ,  1 9 7 8 ) ,  and changes in sensory  m o d a l i t y  o f  

n o n ta r g e ts  (F o rd ,  Roth,  D i r k s ,  and K o p e l l ,  1 9 7 3 ) .  R e s u l ts  a re  

c o n s i s t e n t  w i t h  the  v iew t h a t  t a s k - r e l a t e d  p o t e n t i a l s  r e f l e c t  some 

s p e c i f i c  c o g n i t i v e  process and a r e  r e l a t i v e l y  independent  o f  p h ys ic a l  

c h a r a c t e r i s t i c s o f  the  sensory i n p u t .  F u r t h e r  support  f o r  t h i s  v iew  

is p rov ided  by S u t t o n ,  T u e t i n g ,  Z u b i n ,  and John (1967)  who r e p o r te d  

t h a t  t a s k - r e l a t e d  p o t e n t i a l s  can be recorded  in a s s o c i a t i o n  w i t h  

d e t e c t i o n  o f  o m i t te d  or  m is s in g  s t i m u l i  w i t h i n  a s e r i e s  o f  nonsignal  

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

5 .  Language Tasks and E v e n t - R e l a t e d  P o t e n t i a l s

There  have been many evoked p o t e n t i a l  s t u d i e s  o f  language in 

n o rm a ls .  U n f o r t u n a t e l y ,  the  r e s u l t s  o f  these  s tu d i e s  a r e ,  by and 

l a r g e ,  c o n t r a d i c t o r y  and seem t o  r a i s e  more g u es t ion s  than they  answer  

c on cern ing  e l e c t r o p h y s i o l o g i c  c o r r e l a t e s  o f  language i n f o r m a t i o n  

p r o c e s s in g .  N e v e r t h e l e s s ,  because the  s t u d i e s  do r e p r e s e n t  a v a r i e t y  

o f  e x p e r im e n t a l  approaches t o  t h e  stu dy o f  language (some o f  which  

may be u s e fu l  in f u t u r e  e x a m in a t io n  o f  sensory  i n f o r m a t i o n  pro cess in g  

in Ch i ldhood Aut ism)  and because they  p r o v i d e  d a t a  con cern ing  a u d i t o r y  

and v i s u a l  processes (which have been s t u d i e d  b e h a v i o r a l l y  and i d e n t i f i e d  

as a b e r r a n t  in a u t i s t i c  c h i l d r e n ) ,  a summary o f  t h e s e  r e p o r t s  is germane 

t o  t h i s  p r e s e n t a t i o n .

I n v e s t i g a t o r s  have used v i s u a l  s t i m u l i  t o  examine evoked p o t e n t i a l  

c o r r e l a t e s  o f  language i n f o r m a t i o n  p r o c e s s in g .  The h y p o th es is  t h a t
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c e r e b r a l  hemispheres in man a re  asymmetr ic  w i t h  r e s p e c t  t o  language-  

r e l a t e d  processes is supported by Buchsbaum and Fed io  (1969 )  and 

Donchin,  Johnson, Hernong, and Kutas (19 73 )  who r e p o r te d  d i f f e r e n c e s  

in ERP recorded from the  l e f t  and r i g h t  hemispheres in a s s o c i a t i o n  

w i t h  language and nonlanguage s t i m u l i .  She lburn e  (19 72 )  r e p o r te d  

c o n t r a d i c t o r y  r e s u l t s .  Friedman e t  al  (19 75 )  used v i s u a l  s t i m u l i  

t o  s tu dy  p ro c e s s in g  o f  d i f f e r e n t  types o f  language i n f o r m a t i o n  r a t h e r  

than the  p ro ce ss in g  o f  language in d i f f e r e n t  s i des o f  t h e  b r a i n .  T h e i r  

r e s u l t s  a re  c o n s i s t e n t  w i t h  th e  v iew t h a t  p ro ce ss in g  o f  seman t ic  

i n f o r m a t i o n  is r e l a t e d  t o  l a t e n c y  o f  the  t a s k - r e l a t e d  response and 

pro ce ss in g  o f  s y n t a c t i c  i n f o r m a t i o n  is r e l a t e d  to  t a s k - r e l a t e d  response  

ampl i  t u d e .

A u d i t o r y  s t i m u l i  have a l s o  been used t o  stu dy  language i n f o r m a t i o n  

p r o c e s s i n g .  Once a ga in  the  r e s u l t s  a r e  i n c o n s i s t e n t .  For  example:

S m i th ,  Donch in,  Cohen, and S t a r r  (1970)  used the  d i c h o t i c  paradigm  

developed by Kimura (1961b)  and r e p o r te d  no 1e f t - g r e a t e r - t h a n - r i g h t  

d i f f e r e n c e s  in ERP re corded in a s s o c i a t i o n  w i t h  v e r b a l  and nonverbal  

s t i m u l i ;  Haaland (197*0  used t h e  same paradigm and r e p o r t e d  asymmetr ic  

b r a i n  responses t o  v e r b a l  and nonverbal  s t i m u l i ;  Fr iedman e t  al  (1975)  

and Galambos, Benson, Sm ith ,  Schulman-Galambos, and O s ie r  (19 75 )  used 

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

e rences a s s o c i a t e d  w i t h  language s t i m u l i ;  M o r r e l l  and Salamy ( 1 9 7 1 ) .  on 

t h e  o t h e r  hand,  used d i o t i c  s t i m u l a t i o n  and r e p o r te d  h em is p h er ic  

asymmetry  o f  ERP re co rded  in a s s o c i a t i o n  w i t h  speech s t i m u l i .

C o n t r a d i c t o r y  r e s u l t s  con c ern ing  language pro ce ss in g  can be e x p l a i n e d
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in s e v e r a l  ways. To beg in w i t h ,  the  overwhelming c l i n i c a l  ev id e n ce  f o r  

h em is p h er ic  asymmetry in language p rocess in g  comes from s t u d i e s  o f  

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

asyrmietry in evoked responses recorded  in a s s o c i a t i o n  w i t h  language

s t i m u l i  have used normal s u b j e c t s .  In a d d i t i o n ,  t h e r e  may be c r u c i a l

n e u r o e l e c t r i c  events  t h a t  we a re  unab le  t o  r e co rd  o r ,  a l t e r n a t i v e l y ,  

p a r t i c u l a r  e x p e r im e n t a l  des igns may have i n a d v e r t e n t l y  e l i m i n a t e d  or  

f a i l e d  t o  e l i c i t  such c r u c i a l  e v e n t s .  I t  is a l s o  p o s s i b l e  t h a t  

n e u r o p h y s i o l o g i c  d i f f e r e n c e s  in hem is p h e r ic  f u n c t i o n  a r e ,  in a c tu a l  

f a c t ,  m a r g i n a l .  In any c a s e ,  s tu dy  o f  what may be the most complex

c e r e b r a l  mechanisms seems premature  a t  a t ime  when the  suc ce s s iv e

s ta ges  o f  sensory i n f o r m a t i o n  p ro cess in g  t h a t  must be components o f  

language proce ss ing  remain p o o r l y  u n d ers to o d .

E . O b j e c t i v e s  and R a t i o n a l e  ( o f  Presen t  Study)

1 . O b je c t iv e s

The aim o f  the  p re se n t  stu dy  is t o  use e v e n t - r e l a t e d  p o t e n t i a l s  to  

examine in i n d i v i d u a l  a u t i s t i c  c h i l d r e n  both t r a n s m i s s i o n  through the 

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

t h i s  i n f o r m a t i o n .  The i n v e s t i g a t i o n  t e s t s  t h e  hyp o th es is  t h a t  in 

a u t i s t i c  c h i l d r e n  a b e r r a n t  b r a i n  processes a r e  a s s o c i a te d  w i t h  b e h a v i o r a l  

abnorma l i  t  i e s .

The a u d i t o r y  and v i s u a l  (among o t h e r )  m o d a l i t i e s  were s e l e c t e d  

f o r  s tu dy  because b e h a v i o r a l  s k i l l s  t h a t  depend upon a u d i t o r y  and 

v i s u a l  processes a r e  c h a r a c t e r i s t i c a l l y  abnormal in a u t i s t i c  c h i l d r e n  

and because a u d i t i o n  and v i s i o n  a re  the sensory  systems t h a t  have been
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most t h o r o u g h ly  s tu d i e d  in norm als .

In o r d e r  t o  examine the  neura l  t r a n s m is s io n  o f  a u d i t o r y  and 

v i s u a l  i n f o r m a t i o n ,  s u b j e c t s  w i l l  be t e s t e d  in a range o f  e x p e r im e n t a l  

c o n d i t i o n s  t h a t  a r e  des igned to  e x p l o r e  the  e l e c t r o p h y s i o l o g i c  con­

c om i ta n ts  ( a t  d i f f e r e n t  p lace s  in the  b r a i n )  o f  b e h a v i o r a l l y  d e f i n e d  

d y s f u n c t i o n  ( a t  d i f f e r e n t  s ta ges  o f  i n f o r m a t i o n  p r o c e s s i n g ) .  In the  

a u d i t o r y  system,  i n t r a c e r e b r a l  n eu ra l  events  w i l l  be examined t h a t  

a r e  r e l a t e d  to  the  pro cess in g  o f  i n f o r m a t i o n  in th e  a u d i t o r y  b r a i n s t e m ,  

the  a u d i t o r y  c o r t e x ,  and the  p a r i e t a l  c o r t e x ;  in the  v i s u a l  system  

neu ra l  processes w i l l  be examined in the  v i s u a l  c o r t e x  and in the  

p a r i e t a l  c o r t e x .

2 .  Rat  i o n a l e

B e h a v io r a l  methods a lo n e  do not  p r o v i d e  s p e c i f i c  i n f o r m a t i o n  

about  the  n a t u r e  o f  i n t r a c e r e b r a l  processes t h a t  a re  r e l a t e d  to  b e h a v i o r ;  

they  p r o v i d e  o n l y  a bas is  f o r  in f e r e n c e s  about  b r a i n  mechanisms. Thus,  

g iv en  the  aim o f  e l u c i d a t i n g  t h e  r e l a t i o n  between b e h a v i o r  processes  

and b r a i n  p ro ce ss e s ,  an a l t e r n a t i v e  method is needed.  The r e c o r d in g  

o f  ERP c o n c u r r e n t  w i t h  per formance  o f  tasks  r e q u i r i n g  sensory i n f o r ­

mat ion  p ro cess in g  is w e l l  s u i t e d  t o  the  stu dy o f  c o r r e l a t i v e  v a r i a t i o n  

o f  a b n o r m a l i t i e s  in b r a i n  a c t i v i t y  and b e h a v i o r .  F u r th e r m o r e ,  use o f  

t h i s  methodo lo g ic  fo r m at  in com bina t io n  w i t h  a range o f  e x p e r im e n t a l  

c o n d i t i o n s  p e r m it s  e x a m i n a t i o n  o f  c e r e b r a l  n e u r o e l e c t r i c  concomitan ts  

o f  s tag es o f  i n f o r m a t i o n  p ro ce ss in g  i n c l u d i n g  s en so r i m o to r  sequences.  

Thus,  i t  might  be p o s s i b l e  t o  d e f i n e  e l e c t r o p h y s i o l o g i c a l 1y d e f e c t s  

a t  p a r t i c u l a r  s ta ges  o f  i n f o r m a t i o n  t r a n s m i s s i o n  a n d /o r  t o  i d e n t i f y  

d e f e c t s  a f f e c t i n g  s e v e r a l  s ta ges  o f  th e  s t i m u l u s - r e s p o n s e  p ro ce ss .
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CHAPTER 11

METHOD 

A . Sub j ec ts

Three a u t i s t i c  and t h r e e  normal c h i l d r e n  were s u b je c ts  f o r  these  

e x p e r i m e n t s .  A l l  s u b je c ts  were between the age o f  14 yea rs  and 15 

y e a r s .  The a u t i s t i c  c h i l d r e n  ( p a t i e n t  s u b j e c t s '  were s e l e c t e d  f rom a 

p o p u l a t i o n  o f  a u t i s t i c  c h i l d r e n  at  Bronx C h i l d r e n s  P s y c h i a t r i c  C e n t e r .

The normal c h i l d r e n  (normal s u b j e c t s )  were s e l e c t e d  on the  bas is  o f  

normal dev elopm enta l  h i s t o r y  and a p p r o p r i a t e  school p la ce ment .

P a t i e n t  s u b je c ts  had been diagnosed as a u t i s t i c  on the bas is  o f  

( i )  o b s e r v a t i o n  o f  s te re o typ ic  b e h a v i o r , ( i i )  o b s e r v a t i o n  o f  poor eye  

c o n t a c t ,  ( i i i )  h i s t o r y  o f  a b e r r a n t  language dev elopm ent ,  ( i v )  impression  

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

A u t i s t i c  c h i l d r e n  were s e l e c t e d  f o r  the  stu dy  on the  b a s is  o f  

( i )  a normal EEG, ( i i )  a demonstrated  p r e f e r e n c e  f o r  th e  r i g h t  hand,

( i i i )  a b i l i t y  t o  o b t a i n  s c o r a b l e  r e s u l t s  on a b a t t e r y  o f  n eu ropsycholog ic  

t e s t s .

A b a t t e r y  o f  n eu ro p sych o log ic  t e s t s  was used in the  stu dy  f o r  the  

f o l l o w i n g  reasons;  to  e v a l u a t e  th e  c l i n i c a l  impress ion  o f  s evere  

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

ma t ion  p r o c e s s in g ;  and t o  o b t a i n  s t a n d a r d i z e d  measures o f  s p e c i f i c  

p sy ch o lo g ic  processes t h a t  cou ld  be examined in r e l a t i o n  t o  t h e  e l e c t r o -  

p h y s i o l o g i c  d a t a .  The p a t i e n t  s u b j e c t s '  a b i l i t y  t o  t a k e  the  t e s t s
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i n d i c a t e s  t h a t  they  were less impa ired than an o v e r a l l  p o p u l a t i o n  o f  

a u t i s t i c  c h i l d r e n .  The reason f o r  not  s e l e c t i n g  a random sample o f  

(more impai red)  a u t i s t i c  c h i l d r e n  was t h a t  a p r im a ry  goal o f  the  study  

was to  assess the  v ery  p o s s i b i l i t y  o f  using w i t h  a u t i s t i c  c h i l d r e n  

the somewhat demanding t e c h n o l o g i c a l  format  in v o lve d  in o b t a i n i n g  

a c c u r a t e  e n c ep h a lo g rap h ic  re c o r d in g s  o f  evoked p o t e n t i a l s .  Al though  

the e xp er im e n ta l  tasks in v o l v e d  a re  s im p le ,  i t  was assumed t h a t  these  

c h i l d r e n  would r e q u i r e  a t  l e a s t  some t r a i n i n g  to  per form them -  t h i s  

re qu irem ent  was expected  to  be minimal  f o r  the less s e v e r e l y  impaired  

c h i l d r e n  t h a t  were chosen; p a t i e n t  s u b je c ts  t h a t  would have r e q u i r e d  

e x t e n s i v e  t r a i n i n g  were c on s id e r e d  i n a p p r o p r i a t e  f o r  the  present  

e x p l o r a t o r y  e l e c t r o p h y s i o l o g i c  s tu d y .

The f o l l o w i n g  neu ro p sych o log ic  t e s t s  were a d m i n i s t e r e d :  Wechsler

I n t e l  1 igence Sc a l e  f o r  C h i l d r e n ,  WISC-R, (Wechs ler ,  197*0;  Peabody 

P i c t u r e  V o cabu la ry  T e s t  (Dunn, 1 959 ) ;  Raven Coloured or  Standard  

P r o g r e s s iv e  M a t r i c e s  (Raven,  1 96 5 ) ;  Slossom Drawing C o o r d i n a t i o n  Tes t  

(Slossom, 1 967 ) ;  I l l i n o i s  T e s t  o f  P s y c h o l i n g u i s t i c  A b i l i t i e s ,  ITPA,

( K i r k ,  McCarthy,  and K i r k ,  1 96 8 ) ;  V i s u a l  S e q u e n t i a l ,  A u d i t o r y  Memory,  

and Sound B lend ing  s u b t e s t s .  Scores o b ta in ed  on the  t e s t s  a re  seen 

in Tab le  1.

A c l i n i c a l  summary a b s t r a c t e d  f rom a v a i l a b l e  medical  re cords  and 

a n eu ro psycholog ic  assessment  o f  each s u b je c t  f o l l o w s .  R .S .  was born  

in Oc to ber ,  19 6 1. His  mother r e p o r te d  t h a t  d e s p i t e  a d i f f i c u l t  b i r t h  

her  son 's  e a r l y  dev elopm enta l  m i l e s to n e s  were normal u n t i l  age two y e a r s .  

At t h i s  t ime  R.S.  began t o  speak using  s i n g l e  words.  However,  the  use
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T a b l e  1: Scores o b ta in e d  on n eu ro p sych o log ic  t e s t s  r e p r e s e n t  

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

sensory i n f o r m a t i o n  pro cess in g  s k i l l s .
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NEUROPSYCHOLOGIC TEST SCORE DISTRIBUTION

WECHSLER INTELLIGENCE 

SCALE FOR CHILDREN -  R

R.S, S.N. H .P .

Verba 1 I .Q. 5 I

Performance I . Q .  Sk

F u l 1 S c a l e  I . Q .  5^

PEABODY PICTURE VOCABULARY TEST

Mental  Age E q u i v a l e n t  7 -0

RAVEN COLOURED OR STANDARD 

PROGRESSIVE MATRICES

P e r c e n t i l e  85

SLOSSOM DRAWING COORDINATION 

TEST

Accuracy Score (%) 75

ILLINOIS TEST OF PSYCHO- 

LINGUI STIC A BIL IT IES

Age Score  

V i sual Sequent  i a 1 

A u d i t o r y  Memory 

Sound B le nd in g

8 - 1

U nsc orab le

U nsc orab le

50

90

67

8-0

Below 50 f o r  
1 1 y ea r  o ld

33

6 - 1 0

10-3

59

77

67

9-1

92

92

8 - k

8 - 1

U nsc orab le  Unscorable
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o f  phrases and comple te  sentences f a i l e d  to  d e v e l o p .  Ms. S. d es c r ib e d  

R .S .  as a d i f f i c u l t  p r e - s c h o o l e r  who was d i s i n t e r e s t e d  in o t h e r  peop le  

and o b j e c t s  in h is  s u r r o u n d in g s ,  used l i m i t e d  speech,  and had uncon­

t r o l l a b l e  temper t an t ru m s .  F e e l i n g  unab le  t o  manage t h i s  c h i l d ,  Ms. S.  

placed him a t  age seven y ears  in Rockland C h i ld r e n s  P s y c h i a t r i c  Cen ter  

(RCPC). At RCPC, R .S .  r e c e i v e d  the  d ia g n o s is  Ch i ldhood A u t is m .  Pr e ­

s e n t i n g  symptoms in c lu d e d ;  low f r u s t r a t i o n  t o l e r a n c e ,  h y p e r a c t i v i t y ,  

un resp o ns iv en ess ,  poor language,  n e g a t i v i s t i c  and m a n n e r i s t i c  b e h a v i o r s .  

R .S .  remained an i n - p a t i e n t  a t  t h i s  f a c i l i t y  u n t i l  a t  the age o f  

t h i r t e e n  (because h is  f a m i l y  had moved t o  the  Bronx) he was t r a n s f e r r e d  

to  Bronx C h i l d r e n s  P s y c h i a t r i c  C en ter  (BCPC). Upon a dm is s io n ,  R .S .  

was l a b e l l e d  A u t i s t i c .  He appeared l a c k i n g  in age a p p r o p r i a t e  s o c i a l  

and c o g n i t i v e  s k i l l s .  Language development was p r o fo u n d ly  r e t a r d e d  

and b i z a r r e  b eh a v io r s  such as c l a p p i n g  and ro c k in g  were no te d .

A speech and language e v a l u a t i o n  in 1976 re v e a l e d  s t r i k i n g  

r e c e p t i v e  and e x p r e s s i v e  language d i s a b i l i t i e s .  R .S .  scored below  

ave rage  f o r  a c h i l d  h is  age on t e s t s  o f  r e c e p t i v e  s y n t a c t i c  s t r u c t u r e  

and r e c e p t i v e  v o c a b u l a r y .  He had d i f f i c u l t y  r e p e a t i n g  meaningful  

sentences and i n c o r r e c t l y  used pronouns and p r e p o s i t i o n s .  Spontaneous  

speech was s l u r r e d  and R .S .  spoke in f ragments r a t h e r  than  in  complete  

s e n te n c e s .  R es u l t s  o f  an a u d i o m e t r i c  s c r e e n in g  were w i t h i n  normal 

1 imi t s .

Dur ing  the  same p e r i o d ,  R . S . ' s  t ea ch e r  d es c r ib e d  h i s  e x c e l l e n t  

drawing  s k i l l s  and p a r t i c u l a r  p r e f e r e n c e  f o r  drawing c a r t o o n - l i k e
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f i g u r e s  t h a t  were r e a l i s t i c a l l y  p r o p o r t i o n e d  and d e l i c a t e l y  d e t a i l e d .

R .S .  a l s o  dem onstrated  sev ere  l e a r n i n g  d i s a b i l i t i e s  d e s p i t e  the a b i l i t y  

t o  s p e l l  some s im p le  words and i d e n t i f y  the  a lp h a b e t  l e t t e r s .  On 

s ta n d a r d i z e d  t e s t s  he o b ta in e d  a r i t h m e t i c ,  r e a d i n g ,  and s p e l l i n g  scores  

a t  the p re -s ch o o l  l e v e l  .

Neuropsyc ho log ic  e v a l u a t i o n  o f  R .S.  in 1977 y i e l d e d  scores in 

the m e n t a l l y  d e f i c i e n t  range (see T a b le  1 ) .  A no te w o r th y  13 p o i n t  

d i f f e r e n c e  between Verb al  and Performance Sc a l e  I . Q .  on the  WISC-R 

suggests  r e l a t i v e l y  g r e a t e r  s t r e n g t h  in nonverba l  than in la nguage-  

r e l a t e d  s k i l l s .  T h is  was c o n s i s t e n t  w i t h  the  low score  on th e  Peabody 

P i c t u r e  Voc ab u la ry  T e s t ,  a t e s t  t h a t  measures u n d ers ta n d in g  o f  spoken 

words,  and h igh  scores on the  Ravens, a r e c e p t i v e  t e s t  o f  v i s u a l  s p a t i a l  

a b i l i t i e s ,  and the  Slossom Drawing C o o r d i n a t i o n  T e s t .  His i n a b i l i t y  

to  b lend  sounds was r e f l e c t e d  in unsc o rab le  performance  on th e  Sound 

B le nd in g  s u b t e s t  o f  the  ITPA. I n a b i l i t y  t o  r e p e a t  more than t h r e e  d i g i t s  

in the fo rwar d  d i r e c t i o n  o n l y  was r e f l e c t e d  in poor performance  on the  

A u d i t o r y  Memory t e s t  and suggests  s e r io u s  d e f i c i t s  in a u d i t o r y  f u n c t i o n s .  

R . S . ' s  r e l a t i v e l y  h igh score  on the V i s u a l  S e q u e n t ia l  Memory t e s t  coupled  

w i t h  demonstrated  s p a t i a l  a b i l i t i e s  suggest  r e l a t i v e  s t r e n g t h  in v i s u a l  

compared t o  a u d i t o r y  s k i l l s  as w e l l  as the  p r e v i o u s l y  noted s t r e n g t h  

in non 1a n g u a g e - r e l a t e d  compared t o  language-d ependent  s k i l l s .

S . N .  was born in J u l y  1962.  His p a r en ts  r e p o r te d  t h a t  e a r l y  

development  proceeded n o r m a l ly  and S .N .  walked a lo n e  a t  12 months but  

always on h is  toes  and began speak ing  words a t  11 months. However ,  he
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d id  not  seem t o  understand  when he was spoken t o .  Communicative  speech 

f a i l e d  t o  deve lop  and S .N .  appeared unre spons iv e  t o  h is  sur roundings  

and t o  o t h e r  p eo p le .  When S .N .  was t h r e e  years o l d ,  b e l i e v i n g  he 

might  have some o r g a n ic  h e a r in g  im pa irm ent ,  h is  par en ts  a rranged  f o r  

a h e a r i n g  e v a l u a t i o n  t h a t  produced n e g a t i v e  r e s u l t s .  However , an 

impression o f  Chi ldhood Aut ism was n o te d .  S.N.  was then  r e f e r r e d  to  

B e l l e v u e  H o s p i t a l  and the  d ia g n o s is  Ch i ldhood  S c h i z o p h r e n i a  -  A u t i s t i c  

Type was c o n f i r m e d .  S.N.  was a d m i t te d  t o  and remained a t  B e l l e v u e  

f o r  one y e a r .  He was d e s c r ib e d  as a t o e - w a l k i n g ,  h y p e r a c t i v e  c h i l d  

w i t h  s t r a n g e  speech p a t t e r n s  who a c t i v e l y  avoided eye c o n t a c t  and 

p h y s ic a l  c o n t a c t  w i t h  p e o p l e .  Du r in g  h is  s t a y  a t  th e  h o s p i t a l ,  S .N.  

developed minimal communica t ive  speech and r e l a t i o n s  w i t h  o th e r s  

improved.  S.N.  was d is c h a rg e d  t o  h i s  home and d u r i n g  the  n ex t  f i v e  

yea rs  he a t te n d e d  a p r i v a t e  school f o r  e m o t i o n a l l y  d i s t u r b e d  c h i l d r e n .  

He was d e s c r i b e d  as a p e r s e v e r a t i v e l y  d e s t r u c t i v e  boy w i t h  p r o fo u n d ly  

impa ired communica t ive  and s o c i a l  s k i l l s .  Around age e l e v e n ,  s e l f -  

a bu s iv e  and a g g r e s s i v e  u n p r e d i c t a b l e  episodes  became more f r e q u e n t  

and occ u r re d  w i t h  i n c r e a s i n g  i n t e n s i t y .  These v i o l e n t  o u t b u r s t  made 

i t  im p o s s ib le  f o r  S .N .  t o  remain a t  school and h is  paren ts  f e l t  unab le  

t o  manage him a t  home. Thus,  r e s i d e n t i a l  p lacement  was sought .  At  

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

S .N .  was a d m i t te d  to  BCPC as an i n - p a t i e n t .  Upon a d m is s io n ,  S .N .  

r e c e i v e d  th e  d i a g n o s t i c  l a b e l  Chi ldhood A ut ism.  Among the  more d i s ­

t i n c t i v e  c h a r a c t e r i s t i c s  noted were t o e - w a l k i n g ,  l i m i t e d  and r a p id  

speech,  h y p e r a c t i v i t y ,  i n a t t e n t i v e n e s s ,  and avo idance  o f  p h ys ic a l
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c o n t a c t  w i t h  p e o p le .  Hea d-b anging ,  f a c e - s l a p p i n g ,  and o t h e r  v i o l e n t  

t an t ru m  b eh a v io r s  were a l s o  d e s c r i b e d .

A speech and h e a r i n g  e v a l u a t i o n  in 1975 r e s u l t e d  in t e s t  scores  

t h a t  i n d i c a t e d  poor u n d e r s ta n d in g  o f  word meaning,  i n a p p r o p r i a t e  

spontaneous speech p a t t e r n s ,  and i n c o r r e c t  use o f  pronouns and p r e ­

p o s i t i o n s .  Tes t  r e s u l t s  a l s o  suggested t h a t  r e c e p t i v e  s y n t a c t i c  

language a b i l i t i e s  were d y s f u n c t i o n a l .  H e a r i n g ,  on the bas is  o f  

a u d i o m e t r i c  t e s t s ,  was norm al .

D ur ing  h is  s ta y  a t  BCPC, S . N . ' s  t e a c h e r  r e p o r te d  per formance a t  

t he  p re -s ch o o l  l e v e l  on s t a n d a r d i z e d  r e a d i n g ,  s p e l l i n g ,  and a r i t h m e t i c  

t e s t s .  S . N . ' s  graphomotor s k i l l s  were d es c r ib e d  as poor .  His  i n t e r e s t  

in b i r t h  dates and b a t t i n g  averages o f  b a s e b a l l  p la y e r s  were noted as 

were h is  e x c e l l e n t  a b i l i t i e s  in t h e  r a p i d  and a c c u r a t e  r e t r i e v a l  o f  

t h i s  i n f o r m a t i o n .

On neu ro p s yc h o log ic  t e s t s  S .N .  ach ieve d  a F u l l  Sc a l e  I . Q .  and a 

Ve rbal  I . Q .  in th e  mental  d e f e c t i v e  r a n ge .  The Performance S c a l e  I . Q .  

was in the  ave rage  ra n ge .  A v e r y  s i g n i f i c a n t  *+0 p o i n t  d i f f e r e n c e  

between Verb al  and Performance I . Q .  suggests r e l a t i v e  s t r e n g t h  in 

nonverbal  s k i l l s .  Th is  is c o n s i s t e n t  w i t h  the  low score t h a t  S.N.  

o b ta in e d  on the  Peabody. Whereas the  low sco re  on the  Slossom is 

c o n s i s t e n t  w i t h  d i f f i c u l t i e s  in the  a r e a  o f  graphomotor ski  11s , the  

low sco re  on t h e  Ravens is indeed d i f f i c u l t  t o  i n t e r p r e t  in l i g h t  o f  

S . N . ' s  ave rage  sco re  on the  Performance S c a l e  o f  the  WISC-R. Perhaps 

the  f a c t  t h a t  t h e  Ravens does not  p e r m i t  s e l f - c o r r e c t i o n  through
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m a n i p u l a t i o n  o f  p a r t s  suggests  t h a t  p e r c e p tu a l  a n a l y s i s  and s yn th e s i s  

as w e l l  as v is u o - m o to r  c o o r d i n a t i o n  were e s s e n t i a l  f a c t o r s  c o n t r i b u t i n g  

to  r e l a t i v e l y  h ig h  scores on the Performance s u b t e s t s .  The Peabody 

has the  same response re q u i rem e n t  as the  Ravens and S . N . ' s  low score  

on t h i s  t e s t  might  r e f l e c t  h is  poor s e l f - c o n t r o l  and h i s  s e r io u s  

r e c e p t i v e  language im pa ir m ent .  In a s i m i l a r  v e i n ,  the  Slossom perm it s  

no e r a s u res  and S.N.  p ro b ab ly  l o s t  p o in ts  on t h i s  t e s t  o f  graphomotor  

and v i s u a l  s p a t i a l  s k i l l s ,  the fo rm er  a r e p o r te d  a re a  o f  weakness,  

because o f  h is  im p u ls iv e  b e h a v i o r s .  S . N . ' s  per formance on the  A u d i t o r y  

Memory t e s t  was s u p e r i o r  t o  t e s t  l i m i t s .  He was a b l e  t o  r e c a l l  seven  

d i g i t s  fo r w ar d  and backward sug g e s t in g  r e l a t i v e  s t r e n g t h  in a u d i t o r y  

as compared t o  v i s u a l  s k i l l s  as w e l l  as the  p r e v i o u s l y  noted s t r e n g t h  

in nonlanguage dependent compared t o  l a n g u a g e - r e l a t e d  s k i l l s .

H . P .  was born in September ,  19 6 1. Ms. P. r e p o r te d  t h a t  her  son 's  

e a r l y  development  was normal and t h a t  H .P .  began s ay in g  words a t  the  

age o f  two and us ing  s h o r t  sentences a t  the  age o f  t h r e e .  Dur ing  the  

next  two yea rs  Ms. P. became concerned about  the  s low development o f  

her  son 's  speech,  h i s  f a i l u r e  t o  a p p r o p r i a t e l y  use language,  h is  l a c k  

o f  i n t e r e s t  in o t h e r  p eo p le ,  and h i s  v i o l e n t  tem per .  H . P .  a t tended  

k i n d e r g a r t e n  f o r  one week and because o f  poor language developm ent ,  

i n a t t e n t i v e n e s s ,  and u n c o n t r o l l a b l e  temper t a n t r u m s ,  H . P .  was r e f e r r e d  

to  a s p e c i a l  c las sroom s e t t i n g .  From 1966 u n t i l  1975,  H .P .  remained  

in p u b l i c  school c la s s e s  f o r  d i s t u r b e d  c h i l d r e n .  D ur ing  t h a t  p e r io d  

he was d e s c r ib e d  as an a u t i s t i c - l i k e ,  u n c o o p e r a t i v e  boy w i t h  s l u r r e d  

and l i m i t e d  speech .  D e s p i t e  some progress in language s k i l l s  and s o c i a l
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s k i l l s ,  H.P.  became i n c r e a s i n g l y  d i s t r a c t i b l e  and unmanageable .  A 

v a r i e t y  o f  b i z a r r e  b eh a v i o r s  such as i n a p p r o p r i a t e  laugh ing  and ro c k in g  

were a l s o  r e p o r t e d .  In 1976,  H .P .  was r e f e r r e d  t o  a day t r e a tm e n t  

program a t  BCPC because h is  b e h a v i o r  had become so im p u ls iv e  and unpre ­

d i c t a b l e  t h a t  he was no lo nger  a b l e  t o  be p h y s i c a l l y  c o n t a i n e d  in a 

classroom s e t t i n g .  Upon admission t o  BCPC, H .P .  r e c e i v e d  t h e  d ia gn o s is  

Chi ldhood A u t is m .  He appeared p r e -o c cu p ie d  and u n r e s p o n s iv e .  In appro ­

p r i a t e  b e h a v i o r s ,  poor eye c o n t a c t ,  and e x t r e m e l y  r e t a r d e d  language  

s k i l l s  were a l s o  no te d .

Dur in g  1976,  a speech and h e a r in g  e v a l u a t i o n  r e v e a l e d  scores  

s i g n i f i c a n t l y  below age -ex pe c ta n cy  on t e s t s  o f  r e c e p t i v e  and e x p r e s s i v e  

l anguage.  Spontaneous speech was s l u r r e d  and monotone. H .P .  had 

d i f f i c u l t y  c o r r e c t l y  us ing  p r e p o s i t i o n s  and pronouns and c o r r e c t l y  

answer ing  q u e s t i o n s .  A u d i o m e t r ic  t e s t  r e s u l t s  were w i t h i n  normal  

l i m i t s .

Educat io n  r e p o r t s  i n d i c a t e d  t h a t  H .P .  ach ie ved  a r i t h m e t i c ,  s p e l l i n g ,  

and re ad in g  scores a t  the  p re -s ch o o l  l e v e l .  He had d i f f i c u l t y  i d e n t i ­

f y i n g  l e f t  and r i g h t  and d id  not  unders tand  s im p le  concepts such as 

b e f o r e  and a f t e r ,  more and l e s s .  D e s p i t e  s ev ere  c o g n i t i v e  d e f i c i t s ,

H .P .  appeared v e r y  s k i l l e d  in drawing  and h is  a c c u r a t e ,  d e t a i l e d ,  and 

c o l o r f u l  r e p r e s e n t a t i o n s  o f  peo p le  and animals  were d e s c r i b e d .

In 1977,  neu ro p s yc h o log ic  e v a l u a t i o n  o f  H .P .  r e s u l t e d  in a F u l l  

S ca le  I .Q .  o f  6 7 . An 18 p o i n t  d i f f e r e n c e  between th e  Verb al  Sc a l e

I . Q .  and the  Performance S c a l e  I . Q .  is no te w o r th y  and suggests
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v i s u a l  s p a t i a l  reasoning  as an a re a  o f  r e l a t i v e  s t r e n g t h  c o n t r i b u t i n g  

to  an o v e r a l 1 I . Q .  t h a t  f a l l s  in the m e n t a l l y  d e f i c i e n t  range.  In 

f a c t ,  H . P . ' s  Performance Sc a le  I . Q .  o f  77 is w i t h i n  the b o r d e r l i n e  

range o f  i n t e l l i g e n c e .  Th is  is c o n s i s t e n t  w i t h  the  low score a ch ie ved  

on the Peabody and high scores on the Ravens and the  Slossom. Extreme  

d i f f i c u l t y  b le nd ing  sounds is r e f l e c t e d  in unsc o rab le  r e s u l t s  o b ta in ed  

on the Sound Blending t e s t .  H.P.  o b ta in e d  a low score on the A u d i t o r y  

Memory t e s t .  He was a b l e  to  r e c a l l  f o u r  d i g i t s  in the fo rwar d  d i r e c t i o n ,  

and none in the backward d i r e c t i o n .  T h is  r e s u l t  suggests  s e r io u s  i m p a i r ­

ment in temporal  p r o c e s s i n g ,  s t o r a g e ,  a n d / o r  in r e t r i e v a l  o f  a u d i t o r y  

i n f o r m a t i o n .  H.P.  a ch ie ved  an age score seven yea rs  below the expected  

l e v e l  on the V i s u a l  S e q u e n t ia l  Memory t e s t .  Th is  r e s u l t  suggests t h a t

H.P.  has s e r i o u s  sequencing d i f f i c u l t i e s  and t h a t  h i s  main a re a  o f  

s t r e n g t h  is  in v i s u a l  a b i l i t i e s  t h a t  a r e  not dependent  upon sequenc ing ,  

i n f o r m a t i o n  s t o r a g e ,  or language s k i l l s .

B. Ex p er im en ta l  C o n d i t io n s  

A l l  o f  the s tu d i e s  were per formed in a sound dampened e l e c t r o s t a t ­

i c a l l y  s h i e l d e d  re c o rd in g  chamber ( I n d u s t r i a l  A co u s t ic s  S pecia l  S e r i e s  200)  

from which a l l  l i g h t  can be e xc lu d e d .  Sŝ  were sea ted  c o m fo r t a b ly  on a 

wooden a r m c h a i r .  Throughout t e s t i n g ,  a v o l u n t e e r  remained in the chamber 

and m oni tored  £s  b e h a v i o r .  Four e x p e r i m e n t a l  c o n d i t i o n s  were employed  

as f o l l o w s :

I .  A u d i t o r y  Bra in stem  P o t e n t i a l

Su b je c ts  were i n s t r u c t e d  to  s i t  s t i l l  and t o  l i s t e n  to  sounds. An 

e x p e r im e n t a l  run c on s is te d  o f  1000 s t im u l u s  p r e s e n t a t i o n s .  The i n t e r ­

s t im u l u s  i n t e r v a l  was 100msec. In t h i s  re c o rd in g  c o n d i t i o n ,  s t i m u l i
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were p re sented  b i n a u r a l l y  and m o n a u r a l l y .  The c o n d i t i o n  o f  s t im u l u s  

d e l i v e r y  in a run was d e te rm in ed  randomly p r i o r  t o  the  onset  o f  t e s t i n g .  

Average p o t e n t i a l s a s s o c i a t e d  w i t h  the  a u d i t o r y  s t i m u l i  were o b ta in e d  in 

s i x  runs p r o v i d i n g  a t o t a l  sample o f  6000  a u d i t o r y  b r a in s te m  p o t e n t i a l s .

2 .  A u d i t o r y  Evoked P o t e n t i a l s

S u b je c ts  were i n s t r u c t e d  to  s i t  s t i l l  and to  l i s t e n  t o  sounds. An 

e x p e r im e n t a l  run c o n s i s t e d  o f  100 s t im u l u s  p r e s e n t a t i o n s .  The i n t e r ­

s t im u l u s  i n t e r v a l  was Isec  o r  3sec .  Stimu 1 i were pre se nted  b i n a u r a 11y (1 sec I S I ) 

or  b i n a u r a l l y  and m o n a u r a l ly  (3sec I S I ) .  The c o n d i t i o n  o f  s t im u l u s  

d e l i v e r y  in a run was de te rm in ed  randomly p r i o r  t o  the  onset  o f  t e s t i n g .  

Average p o t e n t i a l s  a s s o c i a te d  w i t h  the  a u d i t o r y  s t i m u l i  were o b ta in e d  in 

e i g h t  runs p r o v i d i n g  a t o t a l  sample o f  800 a u d i t o r y  evoked p o t e n t i a l s .

3 .  A u d i t o r y  D i s c r i m i n a t i o n  P o t e n t i a l s

Su b je c ts  were t o l d  t h a t  most o f  the  t im e  they  would hea r  a h igh  

sound ( n o n s i g n a l )  and once in a w h i l e  they  would hea r  a low o r  d i f f e r e n t  

sound ( s i g n a l ) .  5s were i n s t r u c t e d  t o  l i f t  the r i g h t  index f i n g e r  each 

t im e  they  heard a low o r  d i f f e r e n t  sound. D ur ing  p r e t e s t  s e s s io n s ,  Sjs 

were tau g h t  t o  p e r fo rm  the  d i s c r i m i n a t i v e  RT t a s k  through the  use o f  

i m i t a t i o n  and con t in uous  v e r b a l  r e i n f o r c e m e n t .  T r a i n i n g  was c o n s id er ed  

completed when S_s performed f i v e  c o n s e c u t i v e  c o r r e c t  response s.

An e x p e r i m e n t a l  run c o n s i s t e d  o f  150 s t i m u l u s  p r e s e n t a t i o n s .  S t i m u l i  

were p resented  b i n a u r a l l y  and a t  2sec i n t e r v a l s .  Randomly, a t  an average  

r a t e  o f  one per ten  s t im u l u s  p r e s e n t a t i o n s ,  a h igh  tone ( n o n s i g n a l )  was 

r e p la c e d  w i t h  a low tone  ( s i g n a l ) .  A p p r o x im a t e ly  15 s i g n a l s  were  

presented  in a r u n .  Average p o t e n t i a l s  a s s o c i a te d  w i t h  th e  n o ns ig na ls
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and average p o t e n t i a l s  a s s o c i a te d  w i t h  the  s i g n a l s  were o b ta in e d  in 

s i x  r u n s .  Th is  p ro v ide d  a t o t a l  sample o f  900 a u d i t o r y  evoked p o t e n t i a l s  

and a t o t a l  sample o f  90 a u d i t o r y  d i s c r i m i n a t i o n  p o t e n t i a l s .

I f . M iss in g  S t im u lu s  P o t e n t i a l

In two a u d i t o r y  m is s in g  s t im u l u s  c o n d i t i o n s  and two v i s u a l  m issing  

s t im u l u s  c o n d i t i o n s  Sŝ  were i n s t r u c t e d  t o  s i t  s t i l l  and t o  pay a t t e n t i o n .

In the two a u d i t o r y  c o n d i t i o n s ,  S_s were t o l d  t h a t  most o f  th e  t im e  they  

would hea r  a h igh  sound ( n o n s i g n a l )  and o c c a s i o n a l l y  th e y  would n o te  no 

sound ( s i g n a l )  in the  p la c e  o f  a h igh sound. In the  two v i s u a l  c o n d i t i o n s ,  

Ss were t o l d  t h a t  most o f  the  t ime  th e y  would see a l i g h t  ( n o n s i g n a l )  

and o c c a s i o n a l l y  they  would note  no l i g h t  in the  p la c e  o f  a l i g h t .

S p e c i f i c  t a s k  r e q u i rem e n ts  we re  d i f f e r e n t  in each o f  the  fo u r  m issing  

s t im u l u s  c o n d i t i o n s .  In one a u d i t o r y  c o n d i t i o n ,  S_s were t o l d  to  pay 

a t t e n t i o n  t o  the  h igh  sounds and the  m is s in g  sounds and t o  make no motor  

re sp onse .  In a second a u d i t o r y  c o n d i t i o n ,  Sŝ  were t o l d  t o  l i f t  the  

r i g h t  index f i n g e r  each t im e  th e  high  sound was m i s s i n g .  In one v i s u a l  

c o n d i t i o n ,  S_s were i n s t r u c t e d  to  pay a t t e n t i o n  t o  the  l i g h t s  and to  the  

m is s i n g  l i g h t s  and t o  make no motor response .  In the  second v i s u a l  

c o n d i t i o n ,  Ss were t o l d  t o  l i f t  the  r i g h t  index f i n g e r  each t ime  the  

l i g h t  was m i s s i n g .  The o r d e r  o f  the  f o u r  m is s in g  s t im u l u s  c o n d i t i o n s  

was randomly d e te rm in ed  f o r  each s u b j e c t .

The s u b j e c ts  were t a u g h t  to per form the  d i s c r i m i n a t i v e  RT t a s k  

through the  use o f  i m i t a t i o n  and cont inuous  v e r b a l  r e i n f o r c e m e n t .

T r a i n i n g  sessions  preceded t e s t  sessions  and were c on s id e r e d  completed
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when s u b j e c ts  performed f i v e  c o n s e c u t i v e  c o r r e c t  RT responses.

An e x p e r im e n ta l  run c o n s i s t e d  o f  250 s t im u l u s  ( n o n s i g n a l s )  p r e ­

s e n t a t i o n s .  The i n t e r s t i m u l u s  i n t e r v a l  was l s e c .  In th e  a u d i t o r y  

c o n d i t i o n s ,  s t i m u l i  were p re se nte d  b i n a u r a l l y .  In the  v i s u a l  c o n d i t i o n s ,  

s t i m u l i  were p rese nted  w h i l e  f i x a t e d  on a s t r o b e  l i g h t .  Randomly,  

a t  an average r a t e  o f  one per t e n  s t im u l u s  p r e s e n t a t i o n s ,  a s t im u lus  

was o m i t te d  ( s i g n a l ) .  A p p r o x im a t e ly  25 m issing  s t im u l u s  events  

o ccurr ed  in a r u n .  In each c o n d i t i o n ,  average  p o t e n t i a l s  a s s o c ia te d  

w i t h  the  no n s ig n a ls  and avera ge  p o t e n t i a l s  a s s o c i a t e d  w i t h  the  s i g n a l s  

were o b ta in e d  in f o u r  r u n s .  T h is  p ro v ide d  a t o t a l  sample o f  1000 

sensory  evoked p o t e n t i a l s  and a t o t a l  sample o f  100 m issing  s t im u lus  

p o te n t  i a l s .

C . Rec ord ing  Methods  

1 . E l e c t r o d e  A p p l i c a t i o n  and Placement

The s c a l p  EEG re c o r d in g s  were o b ta in e d  using gold d is c  e l e c t r o d e s  

( G r a s s ) .  These were f i x e d  in p l a c e  w i t h  bobby pins f o l l o w i n g  v ig orous  

p r e p a r a t i o n  o f  the  s k i n  w i t h  ace to ne  and s a l i n e  e l e c t r o d e  j e l l y .  

A d d i t i o n a l  e l e c t r o d e  j e l l y  was a p p l i e d  to  t h e  e l e c t r o d e s  p r i o r  to  

a p p l i c a t i o n  so as t o  o b t a i n  good e l e c t r i c a l  c o n t a c t .

In the  a u d i t o r y  b r a in s t e m  p o t e n t i a l  c o n d i t i o n ,  an a r r a y  o f  t h r e e  

e l e c t r o d e s  was used.  E l e c t r o d e s  were p la ce d  over  th e  two mastoids and 

o ve r  the  v e r t e x .  An e l e c t r o d e  on the  t i p  o f  t h e  nose was used as 

r e f e r e n c e .  In the  o t h e r  e x p e r i m e n t a l  c o n d i t i o n s ,  in o r d e r  t o  o b t a i n  

some i n f o r m a t i o n  about  the  d i s t r i b u t i o n  o f  th e  c e r e b r a l  p o t e n t i a l s



under i n v e s t i g a t i o n ,  an a r r a y  o f  s i x  e l e c t r o d e s  was used. E l e c t r o d e s  

( 1 - 6 )  were p la ce d  e q u i d i s t a n t 1y a long  the m i d l i n e .  An e l e c t r o d e  on the  

t i p  o f  the  nose was employed as r e f e r e n c e  in the a u d i t o r y  c o n d i t i o n s .

Linked e a r  e l e c t r o d e s  were employed as r e fe r e n c e  in the  v i s u a l  c o n d i t i o n s .

2. Recording Appara tus  and Procedure

The EEG s i g n a l s  were a m p l i f i e d  by low l e v e l  p r e a m p l i f i e r s  ( T e k t r o n i x  

3A9 and T e k t r o n i x  2 A61) .  In the  a u d i t o r y  b ra in s tem  c o n d i t i o n  the  p r e ­

a m p l i f i e r s  (Type 3A9) were set  f o r  a bandpass o f  1 . 6 - 3 0 0 c / s e c . In the  

o t h e r  c o n d i t i o n s ,  one s e t  o f  p r e a m p l i f i e r s  ( T e k t r o n i x  3A9) was set  f o r  

a bandpass o f  1 . 6 - 1 0 0 c / s e c  and the o t h e r  set  o f  p r e a m p l i f i e r s  ( T e k t r o n i x  

2A6 l )  was set  f o r  an e q u i v a l e n t  bandpass o f  . 6 - 6 0 c / s e c .  System ga in  was 8K.

At the beg in n in g  o f  each ru n ,  the  e l e c t r o p h y s i o l o g i c  d a ta  were  

v i s u a l l y  checked to  in s u r e  f reedom from l i n e  and muscle a r t i f a c t s .  Dur ing  

the  ru n ,  the EEG was c o n t i n u o u s l y  mon i to red  on a 4 - t r a c e  o s c i l l o s c o p e  

( T e k t r o n i x  3A74 p l u g - i n ) .

The s t im u l u s  t h a t  was p r e s e n t e d ,  the c o n f i g u r a t i o n  o f  re c o rd in g  

equ ipment ,  and the l i g h t  c o n d i t i o n s  w i t h i n  the chamber were de te rm ined  

f o r  each c o n d i t i o n .  In the  a u d i t o r y  b ra in s tem  c o n d i t i o n ,  the s t im u l u s  

was a lOOusec 90dB SPL c l i c k  t h a t  was g en era ted  by an O r tec  (47 10 )  Dual  

Channel S t i m u l a t o r .  A General  Radio Company Sound-Level  M eter  (Type 155 1-C) 

and an Impact Noise  A n a l y z e r  (General  Radio Company Type 1556-B)  were used 

to  c a l i b r a t e  the  c l i c k  s t i m u l u s .  The s t i m u l a t o r  was used t o  d r i v e  a 

l a b o r a t o r y  made a u d i o a m p l i f i e r .  In the a u d i t o r y  evoked p o t e n t i a l  c o n d i ­

t i o n ,  the s t im u l u s  was a .5msec 90dB SPL c l i c k  t h a t  was c a l i b r a t e d  and 

g en e ra te d  in the  same manner.  In a l l  o f  th e  a u d i t o r y  c o n d i t i o n s ,  s t i m u l i  

were d e l i v e r e d  through commercial  headphones (Koss Pro 4A) and the  chamber 

l i g h t  was tur ne d  on.
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The c o n f i g u r a t i o n  o f  re c o r d in g  and d a ta  p rocess in g  equipment  t h a t

was used in the a u d i t o r y  d i s c r i m i n a t i o n  c o n d i t i o n  is seen in F i g u r e  1.

Two s t i m u l i  were p r e s e n t e d ,  a 2 0 0 0 c /s e c  tone b u r s t  and a lOOOc/sec tone  

b u r s t .  Each had a r i s e  and decay t ime o f  5msec. The method o f  l i m i t s  

was used to  d e te rm in e  s t i m u l u s  t h r e s h o l d  and the s t i m u l i  were d e l i v e r e d

a t  50dB above s u b j e c t i v e  t h r e s h o l d .  When i t  was not  p o s s i b l e  t o  o b t a i n  

s u b j e c t i v e  t h r e s h o l d s ,  s t i m u l i  c a l i b r a t e d  w i t h  a General  Radio Company 

Sound-Level  Meter  (Type 1551- C) and a General  Radio Company Impact Noise  

A n a l y z e r  (Type 15 5 6 - B) and were d e l i v e r e d  a t  90dB SPL. The tone b u rs ts  

were g en era ted  by a H e a t h k i t  A u d i o g e n e r a t o r  (Model 1G072) t h a t  d r i v e  a 

la b o r a to r y -m a d e  a u d i o a m p l i f i e r .

The c o n f i g u r a t i o n  o f  re c o r d in g  and d a ta  p rocess in g  equipment  t h a t  

was used in the  a u d i t o r y  mis s ing  s t im u l u s  c o n d i t i o n s  is seen in F ig u r e  2.  

The c o n f i g u r a t i o n  o f  the  re c o r d in g  and d a ta  process in g  equipment  t h a t  was 

used in the  v i s u a l  m issing  s t i m u l u s  c o n d i t i o n s  is  seen in F ig u r e  3.  In 

the  a u d i t o r y  m issing  s t i m u l u s  c o n d i t i o n s ,  the  s t im u l u s  ( n o n s i g n a l )  was 

a 2 0 0 0 c /s e c  tone b u r s t  w i t h  a r i s e  and decay t ime  o f  5msec. I n t e n s i t y  

o f  the  s t im u l u s  was det e rm in ed  as in the p re v io u s  c o n d i t i o n .  The tone  

b u r s t  was g en era ted  by a H e a t h k i t  A u d i o g e n e r a t o r  (Model 1G072) t h a t  drove  

a l a b o r a to r y -m a d e  a u d i o a m p l i f i e r .  In the  v i s u a l  m is s ing  s t im u l u s  c o n d i ­

t i o n s ,  the l i g h t  was genera ted  by a Grass (PS2) p h o t i c  s t i m u l a t o r  w i t h  

the lamp mounted on a f l o o r  stand p o s i t i o n e d  a t  eye l e v e l  4 f t  from the  

s u b j e c t .  Dimensions o f  the f l a s h  lamp were:  h e i g h t  7 i n ,  w id th  l l ^ i n ,

depth 8 i n .  The i n t e n s i t y  o f  the l i g h t  was 3 7 5 , 0 0 0  cand le  power.  D u r a t io n  

o f  the s t im u l u s  was lOusec.  The chamber l i g h t  was tu rned  o f f  and ambient  

l i g h t  a lo ne  was p r e s e n t  in the  v i s u a l  c o n d i t i o n .

The r e a c t i o n  t ime  response was recorded  by means o f  a l i f t  o f f  key 

t h a t  was made in the l a b o r a t o r y .  In the  a u d i t o r y  c o n d i t i o n s ,  the RT
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F ig ure  I : Blo ck  diagram o f  r e c o r d in g  and da ta

used in th e  a u d i t o r y  d i s c r i m i n a t i o n

proce ss ing  equipment  

p o t e n t i a l  s t u d i e s .
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F i g u r e  2: Block  d ia gram  o f  r e c o r d i n g  and da ta  p ro cess in g  equipment

used in the  a u d i t o r y  m issing  s t i m u l i  s t u d i e s .

Upper: R ea c t io n  t im e  e x p e r im e n t s .

Lower: No r e a c t i o n  t im e  e x p e r i m e n t s .
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F i g u r e  3: Block  diagram o f  re c o r d in g  and d a ta  pro cess in g  equipment

used in the  v i s u a l  m issing  s t i m u l i  s t u d i e s .

Upper:  R ea c t io n  t ime  e x p e r i m e n t s .

Lower: No r e a c t i o n  t im e  e x p e r i m e n t s .
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response was employed t o  t r i g g e r  the t ime base o f  a second o s c i l l o s c o p e  

( T e k t r o n i x  2B67) used t o  p r o v i d e  a t r i g g e r  pu ls e  a t  the i n i t i a t i o n  o f  each 

l i f t  o f f .  A pu lse  marking l e f t  o f f  was a l s o  put  on tap e .  The t r i g g e r  

s e n s i t i v i t y  was r e s e t  a t  the onse t  o f  a run and was mon i to red  d u r in g  the  

run.  In the v i s u a l  c o n d i t i o n s ,  RT responses were recorded in the  same 

manner.  The responses we re ,  however ,  employed t o  t r i g g e r  a t h i r d  o s c i l l o ­

scope ( T e k t r o n i x  532) p r o v i d i n g  a pu lse  a t  the i n i t i a t i o n  o f  each l i f t  o f f  

t h a t  was put  on t a p e .  In the v i s u a l  c o n d i t i o n s ,  the second o s c i l l o s c o p e  

( T e k t r o n i x  2B67) was t r i g g e r e d  by s t im u l u s  onset  t o  p r o v i d e  a t r i g g e r  pu lse  

t o  the pu ls e  g e n e r a t o r  ( T e k t r o n i x  PG505) t h a t  was used t o  d r i v e  the  p h o t i c  

s t i m u l a t o r  (Grass P S 2 ) , and in t u r n ,  genera ted  the v i s u a l  s t i m u l u s .  The 

onse t  o f  the  s t i m u l u s ,  used t o  t r i g g e r  the  t ime base o f  the  second o s c i l l o ­

scope ( T e k t r o n i x  2B67) was a l s o  used to  p r o v i d e  a t r i g g e r  pu lse  t h a t  was 

recorded on tap e .  ( i n  the a u d i t o r y  t a s k - r e l a t e d  c o n d i t i o n s ,  the RT r e ­

sponse pro v ided  the  t r i g g e r  pu lse  and the onse t  o f  a s t im u l u s  was m e re ly  

recorded on t a p e ) .

The a m p l i f i e d  n e u r o e l e c t r i c  d a t a  were recorded a t  3 3/** ips o r  7 1 /2  

ips on ma gne t ic  tape  employing a 7 - t r a c k  FM tape  u n i t  (Honeywel l  Model 7600)  

w i t h  a f req u ency  response o f  DC-2 .5  KHz. N e g a t i v e  pulses marking s i g n a l  

tones and missing  s t i m u l i ,  and p o s i t i v e  pu lses  marking nonsigna l  and non­

t a s k - r e l a t e d  s t i m u l i  were recorded on tap e .

3• Ave ra g ing  Procedures

Dur ing  each e x p e r im e n t a l  run ,  EEG d a t a  were averaged o n - l i n e  from 

ana log  tape  using  a N i c o l e t  Med-80 computer .  A f t e r  the  ru n ,  d a t a  were a v e r ­

aged o f f - l i n e .  The computer was programmed t o  sample c o n t i n u o u s l y  the  e l e c -  

t r o p h y s i o l o g i c  d a ta  a t  a p re de term ined  sampling r a t e  and t o  s t o r e  a s e l e c t e d  

number o f  samples in memory. When a t r i g g e r  pu lse  i n d i c a t i n g  the occ urr ence  

o f  a s t im u l u s  e v e n t  was sensed by the computer ,  d a ta  t h a t  had been p r e v i o u s ­

l y  s to r e d  in memory were he ld  and the computer c on t in ued  t o  sample f o r  a 

p re de te rm ine d  t im e  and t o  add t o  memory the  e l e c t r o p h y s i o l o g i c  d a t a  t h a t
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f o l l o w e d  th e  t r i g g e r  p u l s e .  Thus,  a p r e - t r i g g e r  and a p o s t - t r i g g e r  

p e r io d  were inc luded  in e v e ry  d a ta  epoch. F i n a l l y ,  in o r d e r  t o  p ro v i d e  

an average  e v e n t - r e l a t e d  p o t e n t i a l  f o r  one ru n ,  each epoch was added 

t o  the sum o f  d a ta  from p rev io us  t r i a l s  and d i v i d e d  by the t o t a l  number 

o f  t r i a l s  in the  ru n .

In o r d e r  t o  m in im iz e  the  c o n t r i b u t i o n  to  averaged responses o f  

muscle a r t i f a c t ,  the  computer was programmed t o  r e j e c t  e l e c t r o p h y s i o l o g i c  

a c t i v i t y  w i t h  peak a m pl i tudes  l a r g e r  than two v o l t s .

In o r d e r  to  m in im iz e  c o n t a m i n a t i o n  o f  d a ta  t h a t  was r e l a t e d  to  

f l u c t u a t i o n s  in b a s e l i n e  DC v o l t a g e ,  the  computer was programmed to  

c o n t i n u o u s l y  c o r r e c t  b a s e l i n e s  by s u b t r a c t i n g  the  c a l c u l a t e d  DC le v e l  

o f  each waveform from e v e ry  p o i n t  in t h a t  waveform.

Computed averages were w r i t t e n  out on a Houston X-Y p l o t t e r .  

k.  Data  Analys is

In a l l  o f  the  e x p e r im e n t a l  c o n d i t i o n s ,  d a t a  o b ta i n e d  were ana lyzed  

in s e v e r a l  ways.  Averaged c o r t i c a l  p o t e n t i a l s  were computed f o r  each 

ru n .  In the  t a s k - r e l a t e d  c o n d i t i o n s ,  averaged  p o t e n t i a l s  were o b ta in e d  

by s e p a r a t e l y  a ve rag in g  the  nonsigna l  and the  s i g n a l  t r i a l s  f o r  each 

ru n .  The grand mean e v e n t - r e l a t e d  p o t e n t i a l s  were a l s o  computed, f o r  

each c h i l d  w i t h i n  c o n d i t i o n s ,  in a s s o c i a t i o n  w i t h  the  s i g n a l s .  Peak 

am p l i tu d e  and peak l a t e n c y  measurements were made on averaged p o t e n t i a l s  

t h a t  were comprised o f  15 epochs (nons ig na l  a u d i t o r y  d i s c r i m i n a t i o n  

p o t e n t i a l s ) ,  25 epochs ( s i g n a l  m is s in g  s t i m u l i  p o t e n t i a l s ) ,  100 epochs 

( a u d i t o r y  evoked p o t e n t i a l s ) ,  150 epochs (n o n s ig n a l  a u d i t o r y  d i s c r i m i n a t i o n
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p o t e n t i a l s ) ,  250 epochs (nons ignal  m issing  s t i m u l i  p o t e n t i a l s ) ,  and 

1000 epochs ( a u d i t o r y  b r a in s te m  p o t e n t i a l s ) .  A m pl i t ude  was measured 

b a s e l i n e  t o  peak.  The r e l a t i v e  c o n t r i b u t i o n  o f  two sources o f  v a r i a n c e ,  

the  v a r i a b i l i t y  o f  the  background EEG a c t i v i t y  and o f  the  e v e n t - r e l a t e d  

p o t e n t i a l s ,  was assessed by e xa m in a t io n  o f  the  s ta n d a r d  d e v i a t i o n  and 

th e  s ta n da rd  e r r o r  o f  th e  mean. In t h e  t a s k - r e l a t e d  c o n d i t i o n s ,  

v a r i a b i l i t y  o f  t h e  background EEG in each c h i l d  was assessed by computing  

in a s s o c i a t i o n  w i t h  the  s i g n a l s  the  p o i n t  by p o i n t  s ta n d a rd  d e v i a t i o n s  

f o r  each t ime  sample.  The s ta n d a rd  e r r o r  o f  the  mean, d e r i v e d  as a 

measure o f  v a r i a b i l i t y  o f  the  t i m e - l o c k e d  c o r t i c a l  p o t e n t i a l s  them­

s e l v e s ,  is e s t i m a t e d  as the  s ta n d a rd  d e v i a t i o n  d i v i d e d  by the  square  

r o o t  o f  the  number o f  samples e n t e r i n g  i n t o  the  mean. I t  was a c t u a l l y  

d e r i v e d  by computing p o i n t  by p o i n t  s ta n d a r d  d e v i a t i o n s  o f  f o u r  averages  

o b ta i n e d  in a s s o c i a t i o n  w i t h  t h e  s i g n a l s  in each o f  t h e  f o u r  m is s in g  

s t i m u l u s  c o n d i t i o n s  and s i x  averages  o b t a i n e d  in a s s o c i a t i o n  w i t h  the  

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

t imes  were a l s o  computed in the  t a s k - r e l a t e d  c o n d i t i o n s .  Based upon 

a c o n c ep t io n  o f  t h e  study as an e x p l o r a t o r y  e l e c t r o p h y s i o l o g i c  exami­

n a t i o n  o f  Ch i ldhood Aut ism ,  a comparison o f  data  o b t a i n e d  in the  

s u b j e c ts  and in the  c o n t r o l s  was deemed a p p r o p r i a t e .  Averaged c o r t i c a l  

p o t e n t i a l s ,  grand mean e v e n t - r e l a t e d  p o t e n t i a l s ,  s ta n d a r d  d e v i a t i o n s ,  

s ta n d a rd  e r r o r  o f  the  means, and median r e a c t i o n  t imes were t h e r e f o r e  

in spected  and d i f f e r e n c e s  were noted across c h i l d r e n ,  w i t h i n  c o n d i t i o n s ,  

and across c o n d i t i o n s .

-  55 -



CHA PTE R I I I

RESULTS

A . S u b c o r t i c a l  Evoked P o t e n t i a l s  t o  C l i c k s  

A u d i t o r y  b r a i n s t e m  p o t e n t i a l s  were recorded  f rom p a t i e n t  s u b j e c ts  

in a s s o c i a t i o n  w i t h  r a p id  b i n a u r a l  s t i m u l a t i o n .  The wave forms,  recorded  

f o r  averages o f  1000 t r i a l s ,  c o n s i s t e d  o f  a s e r i e s  o f  p o s i t i v e  peaks.

The a u d i t o r y  b r a i n s t e m  p o t e n t i a l s  t h a t  were reco rded  from the  p a t i e n t

s u b j e c ts  were w i t h i n  normal l i m i t s  ( F i g u r e  k ) ; s p e c i f i c a l l y ,  the  

p o t e n t i a l s  re corded f rom R .S .  had f i v e  p o s i t i v e  peaks w i t h  l a t e n c i e s  

t h a t  ranged from 1 .8  t o  7 . 5  msec; th e  p o t e n t i a l s  recorded  f rom H.P.  

had f i v e  p o s i t i v e  peaks w i t h  l a t e n c i e s  t h a t  ranged f rom 1 . k  t o  7 .1msec;

in S .N .  the  e a r l i e s t  o f  f i v e  peaks had a l a t e n c y  o f  1.9msec and the

l a t e s t  peak had a l a t e n c y  o f  7 .1msec.

B . C o r t i c a l  Evoked P o t e n t i a l s  to  C l i c k s  

The lon ger  l a t e n c y  a u d i t o r y  evoked p o t e n t i a l s  e l i c i t e d  by c l i c k s  

were a lways l a r g e s t  a t  the  v e r t e x .  The ave rage  waveforms in  response  

t o  100 c l i c k s  a re  shown in F i g u r e  5 -  In th e  normal s u b j e c t s ,  a c h a r a c t e r ­

i s t i c  p o s i t i v e - n e g a t i v e - p o s t i v e  ( P 1 - N I - P 2 )  waveform was p r e s e n t  in both  

the  I sec  IS I  c o n d i t i o n  and t h e  3sec IS I  c o n d i t i o n .  A smal l  l a t e  

n e g a t i v i t y  and a l a t e r  p o s i t i v i t y  were a l s o  seen.  In the  lsec  IS I  

c o n d i t i o n  peak l a t e n c i e s  were PI ( 65 ~75m sec ) , Nl ( 9 0 - 1 1 5m se c ) , P2 

( 1 3 0 - 1 9 0m s ec ) ; peak a m pl i tudes  were PI ( 1 - 2 u v ) ,  Nl ( l - 2 u v ) ,  P2 (3~5uv)  .

In the  3sec IS I  c o n d i t i o n  peak l a t e n c i e s  were PI ( 4 5 - 8 5 m s e c ) , Nl 

( 8 5 - 1 30m sec ) , P2 ( 1 90 -2 0 0 m s e c ) ; peak ampl i tudes  were PI ( l - 2 u v ) ,
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F i g u r e  k Averaged b r a in s t e m  p o t e n t i a l s  re corded in response t o  

1000 c l i c k s  from the  v e r t e x  r e f e r r e d  t o  the nose.

Bar beneath the  t r a c e  i n d i c a t e s  onset  o f  c l i c k .

-  57 -



n o r m a l

0 5uV

PATIENT SUBJECTS

R.S.

H.P.

1.0 w

S.N.

-  58 -



F i g u r e  5 Averaged c o r t i c a l  evoked p o t e n t i a l s  re cord ed  in 

response t o  100 b i n a u r a l  c l i c k s  a t  the  v e r t e x  

e l e c t r o d e .  Two a ve rag e s  re co rd e d  in a l s ec  IS I  

and a 3sec IS I  c o n d i t i o n  a r e  super imposed.

Bar beneath  the  t r a c e  i n d i c a t e s  on se t  o f  c l i c k .
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Nl ( 4 - 5 u v ) , P2 ( 5 ~ 7 u v ) . Responses were remarkab ly  i n v a r i a n t  across  

ru n s .  In the p a t i e n t  s u b j e c t s ,  the  w-shaped complex was not seen in 

the  Isec  IS I  c o n d i t i o n  -  in R . S . ,  no evoked p o t e n t i a l  was seen;  in

H.P.  o n ly  the  f i r s t  p o s i t i v e  peak was p r e s e n t ;  whereas in S .N .  a l a t e  

a b e r r a n t  n e g a t i v i t y  was seen.  In o r d e r  to  examine the  p o s s i b i l i t y  

t h a t  the  evoked p o t e n t i a l  decreased r a p i d l y  in a m p l i t u d e  ( h a b i t u a t i o n )  

account in g  f o r  the  reduced a m p l i tu d e  o f  the  a verag e  wave form,  p o t e n t i a l s  

were averaged in response to  the  f i r s t  two b locks  o f  ten  c l i c k s .

A c t i v i t y  l a t e r  than  PI was a b s e n t .  In the 3sec IS I  c o n d i t i o n ,  however, 

the  p o s i t i v e - n e g a t i v e - p o s i t i v e  waveform was seen in the  p a t i e n t s .  Late  

n e g a t i v i t y  and l a t e r  p o s i t i v i t y  were a l s o  seen in S .N .  Peak l a t e n c i e s  

were Pi ( 50 -7 5m se c ) ,  Nl ( 9 0 - 1 20m sec ) , P2 ( l 6 5 “ 235m sec) ; peak ampl i tudes  

were Pi ( l - 2 u v ) ,  Nl ( l - 3 u v ) ,  P2 ( l - 4 u v )  -  no d i f f e r e n t  than the  normal  

s u b j e c t s .  In c o n t r a s t  t o  the  normal s u b j e c t s ,  c o n s i d e r a b l e  v a r i a b i l i t y  

across runs was seen in the  p a t i e n t  s u b j e c t s .  Measurements o f  the  

c o r t i c a l  evoked responses to  c l i c k s  a re  summarized in T a b l e  2 .

No d i f f e r e n c e s  were noted in the  c o r t i c a l  p o t e n t i a l s  recorded in 

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

C . P o t e n t i a l s  A ss o c ia te d  w i t h  A u d i t o r y  D i s c r i m i n a t i o n

I .  Responsesto Nonsignals

C o r t i c a l  evoked p o t e n t i a l s  were averaged in response t o  150 non­

s i g n a l  tones ( F i g u r e  6 ) .  P o t e n t i a l s  were seen in a l l  s u b j e c t s  and were  

always l a r g e s t  a t  the  v e r t e x .  In both normal and p a t i e n t  s u b j e c ts  the  

i n i t i a l  p o s i t i v e  peak had a l a t e n c y  o f  ( a p p r o x i m a t e l y )  35_55msec f o l l o w e d
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T a b le  2: Latency and a m p l i t u d e  measurements o f

component peaks o f  grand mean c o r t i c a l  

evoked p o t e n t i a l s  to  c l i c k s .

Grand mean waveforms a re  comprised o f  

averages re corded a t  th e  v e r t e x  e l e c t r o d e .
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MEASUREMENTS OF CORTICAL EVOKED POTENTIALS TO CLICKS

1 SEC ISI  

PI

Latency  

Ampli tude  

N1

Latency  

Ampli tude  

P2

Latency  

Ampli tude

3 SEC ISI  

PI

La tency  

Ampli tude  

NI

Latency  

Ampli tude  

P2

Latency  

Ampli tude

Latency  in msec 
A m p l i tu d e  in uv

NORMAL SUBJECTS 

E.V .  L .N .  F .G .

65 75 70

11 2 1

100 115 90

2 2 1

150 190 130

3 k  5

85 80 k5

1 2 1

130 115 85

5 k  k

200 200 190

5 5 7

PATIENT SUBJECTS 

R.S.  H . P .  S .N .

50

0 3 0

0 0 0

0 0 0

75 75 50

1 1 2

110 90  120

1 3 2

190 165 235

1 k  3
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F i g u r e  6: Averaged c o r t i c a l  evoked p o t e n t i a l s

recorded  in response to  150 nonsignal  

tones a t  th e  v e r t e x  e l e c t r o d e  in the  

a u d i t o r y  d i s c r i m i n a t i o n  c o n d i t i o n .

Bar beneath  the  t r a c e  i n d i c a t e s  onset  

o f  nonsigna l  t o n e .
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by a l a r g e  n e g a t i v i t y  t h a t  occ u r re d  a t  about  8 0 - 100msec and a second 

p o s i t i v i t y  w i t h  a l a te n c y  o f  about  150-200msec.  In L . N . ,  l a t e  

n e g a t i v i t y  was seen a t  300msec and in F .G .  l a t e  n e g a t i v i t y  was seen 

a t  225msec and l a t e  p o s i t i v i t y  a t  275msec. In two p a t i e n t  s u b j e c ts  

(H.P.  and S . N . )  l a t e  p o s i t i v i t y  was seen a t  about 250msec. In a l l  

s u b j e c ts  a m p l i t u d e  o f  PI was about  2uv and a m p l i tu d e  o f  N1 was about  

5 uv .  Al though a m p l i tu d e  o f  PI and Nl were s i m i l a r  in normal and 

p a t i e n t  s u b j e c t s ,  a m p l i t u d e  o f  P2 in normal s u b j e c t s  was 5~10uv and 

a m p l i tu d e  o f  P2 was 0 . 5 - u v  in p a t i e n t  s u b j e c ts  -  o r  s m a l l e r  than in 

t he  norm a ls .  In c o n t r a s t  t o  the  a u d i t o r y  evoked p o t e n t i a l s  seen in the  

ls ec  and 3sec ISI  c o n d i t i o n  t h a t  r e q u i r e d  no resp onse ,  responses seen 

in the  p a t i e n t  s u b j e c ts  in t h i s  c o n d i t i o n  were e x t r e m e l y  w e l l  d ev e l o p e d .

2 .  Responses t o  S i g n a ls

In both p a t i e n t  and normal s u b j e c t s  in s p e c t i o n  o f  waveforms  

recorded in response to  s i g n a l  tones from each e l e c t r o d e  s i t e  r e v e a l e d  

a c h a r a c t e r i s t i c  d i s t r i b u t i o n  o f  t h e  b r a i n  response s.  Waveforms 

recorded f rom one p a t i e n t  s u b j e c t  ( S . N . )  a r e  shown in F i g u r e  7 to  

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

n a t  i on cond i t  i o n .

C o r t i c a l  p o t e n t i a l s  averaged in response t o  s i g n a l  tones were  

always l a r g e s t  a t  th e  p a r i e t a l  s i t e .  Grand mean waveforms and t h e i r  

s ta n da rd  e r r o r s  were computed f o r  s i x  averages o f  15 t r i a l s  re corded  

from the  p a r i e t a l  e l e c t r o d e .  L a te  p o s i t i v i t y  was seen in a l l  s u b j e c t s .  

The p o t e n t i a l s  a re  d e p i c t e d  in F i g u r e  8 .  At  the  p a r i e t a l  s i t e
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F ig u r e  7: Topographic  d i s t r i b u t i o n  o f  grand mean waveforms

computed in a s s o c i a t i o n  w i t h  s i g n a l s  in the  a u d i t o r y  

d i s c r i m i n a t i o n  c o n d i t i o n .  Waveforms a r e  comprised  

o f  s i x  averages o f  15 t r i a l s  recorded a t  each e l e c t r o d e  

s i t e  f rom one p a t i e n t  s u b j e c t .

Bar beneath  the  t r a c e  i n d i c a t e s  onse t  o f  s ig n a l  tone .
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F i g u r e  8:  Grand mean waveforms and t h e i r  s ta n da rd  e r r o r s  computed

in a s s o c i a t i o n  w i t h  s i g n a l  tones in the  a u d i t o r y  

d i s c r i m i n a t i o n  c o n d i t i o n .  Waveforms a re  comprised  

o f  s i x  averages o f  15 t r i a l s  recorded a t  th e  p a r i e t a l  

e 1e c t r o d e .

Arrow denotes  median r e a c t i o n  t i m e .  V e r t i c a l  l i n e s  above t r a c e  

denotes i n t e r q u a r t i l e  range o f  r e a c t i o n  t i m e s .

Bar beneath the  t r a c e  i n d i c a t e s  onse t  o f  s ig n a l  t o n e .

Upper t r a c e  re p r e s e n t s  grand mean waveform.

Lower t r a c e  re p r e s e n t s  s ta n da rd  e r r o r .
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a u d i t o r y  evoked p o t e n t i a l s  were seen o n ly  in E . V .  The l a t e  p o s i t i v e  

a c t i v i t y  seen was c h a r a c t e r i s t i c  o f  e v e n t - r e l a t e d  p o t e n t i a l s  in 

e x p e r im e n t a l  s i t u a t i o n s  where a p e r ce p tu a l  judgment  about  s t im u l u s  

eve nts  is r e q u i r e d  (see  I n t r o d u c t i o n  s e c t i o n  D, 4 a ) .  Latenc y  o f  

the  LPC was s i m i l a r  in a l l  s u b j e c t s .  In the  normal s u b j e c ts  l a te n c y  

was 270msec ( E . V . ) ,  320msec ( L . N . ) ,  and 350msec ( F . G . ) .  In t h e  p a t i e n t  

s u b je c ts  l a t e n c y  was 280msec ( R . S . ) ,  320msec ( H . P . ) ,  and 260msec ( S . N . ) .  

A m pl i t ude  o f  the  LPC in th e  normal s u b je c ts  was 15uv ( E . V . ) ,  8uv ( L . N . ) ,  

and 4uv ( F . G . ) .  In the  p a t i e n t  s u b j e c t s  a m p l i tu d e  was 2uv ( R . S . ) ,

3uv ( H . P . ) ,  and 1Ouv ( S . N . )  -  o r ,  s m a l l e r  than  the  norm a ls .  In the  

normal s u b j e c t s  v a r i a b i l i t y  across t h e  epoch was smal l  and no in c rea se  

in v a r i a b i l i t y  was a s s o c i a te d  w i t h  the  LPC. In one normal s u b j e c t  

( E . V . ) , however ,  in crease d  v a r i a b i l i t y  was a s s o c i a te d  w i t h  l a t e  n e g a t i v i t y  

a t  420msec t h a t  f o l l o w e d  the  LPC. In th e  p a t i e n t s  v a r i a b i l i t y  across  

t h e  epoch was g r e a t e r  than in the  normals and -  as was the  case  in the  

norm a ls ,  no in crease d  v a r i a b i l i t y  was a s s o c ia te d  w i t h  the  LPC. In 

a d d i t i o n ,  no i n c rea se  in v a r i a b i l i t y  was a s s o c i a t e d  w i t h  l a t e  n e g a t i v i t y  

seen in H .P .  a t  500msec and in S .N .  a t  400msec. Measurements o f  the  

l a s t  p o s i t i v e  components in the  waveforms a s s o c i a t e d  w i t h  a u d i t o r y  

d i s c r i m i n a t i o n  a re  summarized in T a b le  3*

Median r e a c t i o n  t imes  to  th e  s i g n a l s  a re  noted in F i g u r e  8 .  In 

the  normal s u b j e c ts  v a lu es  o b ta in e d  were 420msec ( E . V . ) ,  340msec ( L . N . ) ,  

and 510msec ( F . G . ) .  Accuracy o f  the  response was 100%. In t h e  p a t i e n t  

s u b j e c ts  median r e a c t i o n  t imes were 390msec ( R . S . )  and 370msec ( H . P . )  -
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T a b l e  3: L a te n c y ,  a m p l i t u d e ,  and s ta n dard  e r r o r  measurements

o f  l a t e  p o s i t i v e  components o f  th e  grand mean p o t e n t i a l s  

a s s o c i a te d  w i t h  a u d i t o r y  d i s c r i m i n a t i o n .

Grand mean waveforms a r e  comprised o f  averages recorded  

a t  the  p a r i e t a l  e l e c t r o d e .
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MEASUREMENTS OF LATE POSITIVE COMPONENTS IN WAVEFORMS

ASSOCIATED WITH AUDITORY DISCRIMINATION

NORMAL SUBJECTS PATIENT SUBJECTS

E . V .  L .N .  F .G.  R .S .  H .P .  S.N.

Latency 270 320 350 280 320 260

Am pl i tude  15 8 k  2 3 10

Standard  E r r o r  a t  Poin t
o f  Measurement 1 .0  1 .0  1 .0  2 . 0  3 . 0  3 . 0

Latency  in msec 
Ampli tude i n uv 
Sta ndard  E r r o r  in uv
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s i m i l a r  t o  the va lu es  o b ta i n e d  f o r  the  normal s u b j e c t s .  One p a t i e n t  

s u b j e c t  ( S . N . )  was unab le  t o  l e a r n  the  RT t a s k .  Dur ing  the  t r a i n i n g  

p e r io d  he was t a u g h t  t o  l a b e l  v e r b a l l y  each s t im u l u s  event  "h igh  ton e "  

o r  " low t o n e " .  In a l l  p a t i e n t  s u b je c ts  motor response accurac y  was 

poore r  than in t h e  normal s u b j e c t s ;  ra ng ing  f rom 80-90%.

D . H i s s i n g  S t im u lu s  P o t e n t i a l s

1. Aud i t o r y  Cond i t  ion

a .  Responses t o  a u d i t o r y  s t i m u l i . C o r t i c a l  evoked p o t e n t i a l s  

were averaged in response t o  250 tones ( F i g u r e  9 ) .  P o t e n t i a l s  were  

seen in a l l  s u b j e c t s  and were a lways l a r g e s t  a t  t h e  v e r t e x  s i t e .  In 

both normal and p a t i e n t  s u b j e c t s  a small  i n i t i a l  p o s i t i v i t y  peaked a t  

about 50msec f o l l o w e d  by a n e g a t i v e  peak a t  about  100msec and a second 

p o s i t i v i t y  t h a t  peaked a t  about  150-200msec. In a l l  s u b j e c ts  peak  

a m p l i tud e s  were about PI ( 0 . 5 - l u v ) ,  N1 ( 0 . 5 - 2 u v ) , and P2 ( 2 - 5 u v )  .

In c o n t r a s t  to  t h e  a u d i t o r y  evoked p o t e n t i a l s  seen in  t h e  ls e c  IS I  

c o n d i t i o n  t h a t  r e q u i r e d  no re sponse ,  responses seen in the  p a t i e n t  

s u b j e c t s  in t h i s  c o n d i t i o n  were w e l l  developed  and not n o t i c e a b l y  

d i f f e r e n t  than responses in the  normal s u b j e c t s .

b . M is s in g  s t i m u l u s  p o t e n t i a l s  in motor response c o n d i t i o n . 

Averaged c o r t i c a l  p o t e n t i a l s  a s s o c i a te d  w i t h  t h e  mis s ing  s t i m u l i  were  

always l a r g e s t  a t  t h e  p a r i e t a l  s i t e .  Grand mean waveforms and t h e i r  

s ta n d a rd  e r r o r s  were computed f o r  f o u r  averages o f  25 t r i a l s  recorded  

f rom the  p a r i e t a l  e l e c t r o d e .  L a te  p o s i t i v e  a c t i v i t y  was seen in a l l  

normal s u b j e c t s .  The p o t e n t i a l s  a re  d e p ic t e d  in F i g u r e  10 which a l s o
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F i g u r e  9: Averaged c o r t i c a l  evoked p o t e n t i a l s  re corded in

response to  250 nonsigna l  tones a t  t h e  v e r t e x  

e l e c t r o d e  in the  a u d i t o r y  mis s ing  s t im u l u s  con-  

d i t  i ons .

Bar beneath the  t r a c e  i n d i c a t e s  onse t  o f  nonsignal  

t o n e .
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F i g u r e  10: Grand mean waveforms and t h e i r  s ta n d a rd  e r r o r s

computed in a s s o c i a t i o n  w i t h  s i g n a l s  in t h e  motor  

response ( a u d i t o r y  missing  s t i m u l u s )  c o n d i t i o n .

Waveforms a r e  comprised o f  fo u r  averages o f  25 

t r i a l s  recorded a t  the p a r i e t a l  e l e c t r o d e  from  

normal s u b j e c t s .

Arrow denotes median r e a c t i o n  t i m e .  V e r t i c a l  l i n e s  above

t r a c e  denote i n t e r q u a n t i 1e range o f  r e a c t i o n

t i m e s .

F i r s t  and t h i r d  bars beneath  th e  t r a c e  i n d i c a t e  

onse t  o f  nonsignal  t o n e .  M id d le  bar  i n d i c a t e s  

p o i n t  in t im e  o f  s t im u l u s  d e l e t i o n .

Upper t r a c e  r e p r esents  grand mean waveform.

Lower t r a c e  r e p r e s e n t s  s ta n da rd  e r r o r .
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shows the  s tandard  e r r o r s  o f  the  means. The b r a i n  responses comprised  

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

p o t e n t i a l s  in e x p e r im e n t a l  s i t u a t i o n s  where expec ted  s t i m u l i  a re  

o c c a s i o n a l l y  and randomly d e l e t e d  (see I n t r o d u c t i o n  s e c t i o n  D, k z ) . 

Latency o f  th e  LPC was 360msec ( E . V .  and L . N . )  and 370msec ( F . G . ) ;  

a m p l i tu d e  o f  th e  LPC was 9uv ( E . V . ) ,  8uv ( L . N . ) ,  and lOuv ( F . G . ) .  

V a r i a b i l i t y  across the epoch was smal l  and t h e r e  was no in c r e a s e  in

v a r i a b i l i t y  a s s o c i a te d  w i t h  the  LPC o r  the  l a t e r  n e g a t i v i t y  seen in

L .N .  and F .G .  a t  about  600msec.

Median r e a c t i o n  t imes t o  th e  s i g n a l s  a re  noted in F i g u r e  10. The 

values  o b ta i n e d  were 360msec ( E . V . ) ,  320msec ( L . N . ) ,  and 380msec ( F . G . ) .

Accuracy o f  the  response was 100%.

L a te  p o s i t i v i t y  was not  seen in grand mean waveforms computed f o r  

p a t i e n t  s u b j e c t s .  Absence o f  the  LPC led t o  an i n s p e c t i o n  o f  averaged  

p o t e n t i a l s  a s s o c i a te d  w i t h  the  missing  s t i m u l i  and t h e i r  s tandard  

d e v i a t i o n s  (computed f o r  25 m issing  s t i m u l i )  recorded f rom the  p a r i e t a l  

e l e c t r o d e  in f o u r  ru ns .  The p o t e n t i a l s  and t h e i r  s ta n da rd  d e v i a t i o n s  

a r e  d e p ic t e d  in F i g u r e  11. Waveforms t h a t  were re corded from S .N .  in 

the  second run and from o t h e r  p a t i e n t  s u b j e c t s  i l l u s t r a t e  the  p o o r l y  

developed LPC t h a t  c h a r a c t e r i z e d  most long l a t e n c y  b r a i n  responses  

recorded  from the p a t i e n t  s u b j e c ts  in t h i s  c o n d i t i o n .  La te  p o s i t i v i t y  

was seen o n l y  in th e  f i r s t  r u n .  Latency o f  the  LPC was 400msec and 

a m p l i t u d e  was lOuv -  no d i f f e r e n t  than in the  normal s u b j e c t s .  U n l i k e  

t h e  normal s u b j e c t s ,  however ,  in a l l  p a t i e n t  s u b j e c ts  v a r i a b i l i t y  across  

the  epoch was c o n s i d e r a b l e  and p ro b ab ly  r e f l e c t s  v a r i a b i l i t y  o f  the
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F i g u r e  11: Averaged p a r i e t a l  p o t e n t i a l s  and t h e i r  s ta ndard

d e v i a t i o n s  computed in a s s o c i a t i o n  w i t h  25 s i g n a l s  

in the  motor  response ( a u d i t o r y  mis s ing  s t i m u l u s )  

c o n d i t i o n .  Averaged p o t e n t i a l s  were re corded from  

p a t i e n t  s u b j e c t s .

Arrow denotes median r e a c t i o n  t i m e .  V e r t i c a l  l i n e s  above 

t r a c e  denote i n t e r q u a n t i 1e range o f  r e a c t i o n  

t  i mes.

F i r s t  and t h i r d  bars beneath t h e  t r a c e  i n d i c a t e  

onset  o f  nonsigna l  to n e .  M id d le  bar  i n d i c a t e s  

p o i n t  in t ime  o f  s t im u l u s  d e l e t i o n .

Upper t r a c e  re p r e s e n t s  averaged p o t e n t i a l .

Lower t r a c e  re p r e s e n t s  s ta n da rd  d e v i a t i o n .
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background EEG. No i n c rea se  was seen in EEG v a r i a b i l i t y  in a s s o c i a t i o n  

w i t h  l a t e  p o s i t i v i t y  seen in S .N .

Median r e a c t i o n  t imes t o  the  s i g n a l s  a r e  noted in F i g u r e  11. The 

va lu es  o b ta in e d  f o r  p a t i e n t  s u b j e c t s  were 390msec ( R . S . )  and 620msec 

( H . P . )  -  o n ly  the  l a t t e r  was n o t i c e a b l y  l a r g e r  than va lu es  o b ta in e d  

f o r  the  normal s u b j e c t s .  Once aga in  one p a t i e n t  s u b j e c t  ( S . N . )  was 

unab le  t o  l e a r n  the  r e q u i r e d  RT t a s k .  Dur in g  the  t r a i n i n g  p e r io d  he 

was tau g h t  t o  l a b e l  v e r b a l l y  each s t im u l u s  eve n t  "h ig h  to n e "  o r  "no t o n e " .  

Motor response accurac y  was poorer  than in the  normal s u b j e c t s ,  ranging  

f rom 75-90%.

c . M is s in g  s t im u l u s  p o t e n t i a l s  in no motor response c o n d i t i o n .  

Averaged c o r t i c a l  p o t e n t i a l s  a s s o c i a te d  w i t h  t h e  m issing  s t i m u l i  were  

always l a r g e s t  a t  th e  p a r i e t a l  s i t e .  Grand mean waveforms and t h e i r  

s ta n da rd  e r r o r s  were computed f o r  f o u r  averages  o f  25 t r i a l s  recorded  

f rom the p a r i e t a l  e l e c t r o d e .  Late  p o s i t i v i t y  was seen in a l l  normal  

s u b j e c t s .  The p o t e n t i a l s  a r e  d e p i c t e d  in F i g u r e  12 which a l s o  shows 

t h e  s ta n d a r d  e r r o r s  o f  t h e  means. Latency o f  the  LPC was 360msec ( E . V . ) ,  

400msec ( L . N . ) ,  and ^20msec ( F . G . ) .  A m p l i tu d e  o f  th e  LPC was 3uv ( E . V . ) ,  

lOuv ( L . N . ) ,  and 5uv ( F . G . )  -  s m a l l e r  than  in the  motor  response con­

d i t i o n .  Once a g a i n ,  small  v a r i a b i l i t y  e x i s t e d  across the  epoch and 

v a r i a b i l i t y  in a s s o c i a t i o n  w i t h  the  LPC and t h e  l a t e r  n e g a t i v i t y  (seen  

in E . V .  a t  625msec and in L . N .  a t  650msec) was n e g l i g i b l e .

L a t e  p o s i t i v i t y  was seen in grand mean waveforms computed f o r  

p a t i e n t  s u b j e c t s .  Absence o f  the  LPC led t o  i n s p e c t i o n  o f  averaged
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F i g u r e  12: Grand mean waveforms and t h e i r  s ta n da rd  e r r o r s

computed in a s s o c i a t i o n  w i t h  s i g n a l s  in t h e  no 

motor response ( a u d i t o r y  m issing  s t i m u l u s )  

c o n d i t i o n .  Waveforms a re  comprised o f  fo u r  

averages o f  25 t r i a l s  recorded  a t  the  p a r i e t a l  

e l e c t r o d e  f rom normal s u b j e c t s .

F i r s t  and t h i r d  bars beneath  the t r a c e  i n d i c a t e  

onse t  o f  nonsignal  t o n e .  M id d le  bar i n d i c a t e s  

p o i n t  in t ime  o f  s t im u l u s  d e l e t i o n .

Upper t r a c e  re p r e s e n t s  grand mean waveform.  

Lower t r a c e  re p r e s e n t s  s ta n d a rd  e r r o r .
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p o t e n t i a l s  a s s o c ia te d  w i t h  the mis s ing  s t i m u l i  and t h e i r  s tandard  

d e v i a t i o n s  (computed f o r  25 missing  s t i m u l i )  re corded f rom the p a r i e t a l  

e l e c t r o d e  in f o u r  ru ns .  The p o t e n t i a l s  and t h e i r  s ta n da rd  d e v i a t i o n s  

are  d e p i c t e d  in F i g u r e  13- Waveforms t h a t  were re corded from R .S .  in 

the  t h i r d  run and from the o t h e r  p a t i e n t s  i l l u s t r a t e  absence o f  the  

LPC t h a t  c h a r a c t e r i z e d  most r e c o rd in g s  from p a t i e n t  s u b j e c t s  in t h i s  

c o n d i t i o n .  L a te  p o s i t i v i t y  seen o n ly  in R .S.  and o n ly  in the  f o u r t h  

run had a l a t e n c y  o f  360msec and an a m p l i tu d e  o f  2uv -  not  very  

d i f f e r e n t  in l a t e n c y  but s m a l l e r  than the normal s u b j e c t s .  U n l i k e  

the normal s u b j e c t s ,  however ,  a l l  p a t i e n t  s u b j e c ts  had responses t h a t  

v a r i e d  across th e  epoch. No inc rease d  v a r i a b i l i t y  was seen in a s s o c i ­

a t i o n  w i t h  the LPC recorded from R .S .

Measurements o f  l a t e  p o s i t i v e  components in t h e  waveforms a ss o c ia te d  

w i t h  a u d i t o r y  m issing  s t i m u l i  a re  summarized in T a b le  k .

2 . V i s u a l  C o n d i t i o n

a .  Responses t o  v i s u a l  s t i m u l i . V i s u a l  evoked p o t e n t i a l s  were  

averaged in response t o  250 f l a s h e s  ( F i g u r e  1 4 ) .  P o t e n t i a l s  were seen 

in a l l  s u b j e c ts  and were always l a r g e s t  a t  the  o c c i p i t a l  s i t e .  In both  

normal and p a t i e n t  s u b j e c t s  an e a r l y  n e g a t i v i t y  peaked a t  about 50-80msec  

and a prominent  p o s i t i v i t y  peaked a t  about  1 0 0 - 150msec f o l l o w e d  by a 

s e r i e s  o f  p o s i t i v e  peaks ( t h a t  t e r m i n a t e d  a t  about  300msec) .  Response 

a m p l i tu d e  in t h e  normal s u b j e c ts  was Nl ( l - 7 u v )  and Pi ( 5 _ 1 5u v ) .  In 

the  p a t i e n t  s u b j e c ts  a m p l i tu d e  was Nl ( l - 4 u v )  and Pi (4 -1 5 u v )  -  or  

s i m i l a r  t o  the  normal s u b j e c t s .
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F i g u r e  13 Averaged p a r i e t a l  p o t e n t i a l s  and t h e i r  s tandard  

d e v i a t i o n s  conputed in a s s o c i a t i o n  w i t h  25 s i g n a l s  

in t h e  no motor response ( a u d i t o r y  mis s ing  s t i m u l u s )  

c o n d i t i o n .  Averaged p o t e n t i a l s  were re corded from 

p a t i e n t  s u b j e c t s .

F i r s t  and t h i r d  bars beneath  the  t r a c e  i n d i c a t e  

onse t  o f  nonsignal  t o n e .  M id d le  bar  i n d i c a t e s  

p o in t  in t ime  o f  s t im u l u s  d e l e t i o n .

Upper t r a c e  re p r e s e n t s  averaged p o t e n t i a l .

Lower t r a c e  r e p r e s e n ts  s ta n d a rd  d e v i a t i o n .
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T a b l e  k: L a te n c y ,  a m p l i t u d e ,  and v a r i a b i l i t y  measurements

o f  l a t e  p o s i t i v e  components o f  th e  grand mean 

p o t e n t i a l s  and the  averaged p o t e n t i a l s  a s s o c i a te d  

w i t h  a u d i t o r y  m issing  s t i m u l i .

Waveforms were recorded a t  the  p a r i e t a l  e l e c t r o d e .
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MEASUREMENTS OF LATE POSITIVE COMPONENTS IN WAVEFORMS

ASSOCIATED WITH AUDITORY MISSING STIMULI

NORMAL SUBJECTS

Motor Response C o n d i t i o n
No Motor  

Response C o n d i t i o n

Grand Mean P o t e n t i a l s E .V . L .N. F.G. E . V .  L .N . F .G.

Latency 360 360 370 360 400 420

Ampli tude 9 8 10 3 10 5

St andard E r r o r  a t  
Poin t  o f  Measurement 1 . 0 2 . 0 1 .0  

PAT 1 ENT

1 .0  1 .0  

SUBJECTS

1 .1

Motor  Response C o n d i t i o n
No Motor  

Response C o n d i t io n

Averaqed P o t e n t i a l s R .S . H.P. S . N . * R . S . *  H .P . S .N .

Latency - - 400 360 -

Ampli  tude 0 0 10 2 0 0

Sta ndard  E r r o r  a t  
Po in t  o f  Measurement 2 2 . 8 3.  4 2 . 2  3 . 4 2

* | n  th e  motor response c o n d i t i o n ,  measurements  

f o r  S .N .  a r e  f o r  one averaged  p o t e n t i a l  recorded  

in t h e  f i r s t  o f  f o u r  ru n s .  In the no motor  

response c o n d i t i o n ,  measurements f o r  R .S .  a r e  

f o r  one averaged  p o t e n t i a l  re co rded  in th e  

1a s t  o f  fo u r  r u n s .

La tency  i n msec 
A m p l i tu d e  in uv 
Sta ndard  E r r o r  in uv 
Standard  D e v i a t i o n  in uv

-  89 -



F i g u r e  14: Averaged v i s u a l  evoked p o t e n t i a l s  re corded in response

t o  250 nonsigna l  f l a s h e s  a t  th e  o c c i p i t a l  e l e c t r o d e  

in the  v i s u a l  m is s ing  s t im u l u s  c o n d i t i o n s .

Bar beneath the t r a c e  i n d i c a t e s  onse t  o f  nonsignal  

f 1 a s h .
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b . M is s in g  s t im u l u s  p o t e n t i a l s  in motor response c o n d i t i o n .

Averaged c o r t i c a l  p o t e n t i a l s  a s s o c i a te d  w i t h  the mis s ing  s t i m u l i  were

always l a r g e s t  a t  the  o c c i p i t a l  s i t e .  Grand mean waveforms and t h e i r

sta ndard  e r r o r s  were computed f o r  fo u r  averages o f  25 t r i a l s  recorded  

f rom the p a r i e t a l  e l e c t r o d e .  Lat  p o s i t i v e  a c t i v i t y  was seen in a l l  

normal s u b j e c t s .  The p o t e n t i a l s  a re  d e p i c t e d  in F i g u r e  15 which a l s o  

shows the  s ta n da rd  e r r o r s  o f  the  means. Latency o f  the  LPC was 400msec 

( E . V . ) ,  400msec ( L . N . ) ,  and 390msec ( F . G . ) .  A m pl i t ude  o f  t h e  LPC was 

4uv ( E . V . ) ,  4uv ( L . N . ) ,  and 8uv ( F . G . ) .  In a l l  normal s u b je c ts  v a r i a b i l i t y  

across the  epoch was smal l  and in crease d  v a r i a b i l i t y  in a s s o c i a t i o n  

w i t h  the LPC was a b s e n t .

Median r e a c t i o n  t imes  to  t h e  s i g n a l s  a r e  noted in F i g u r e  15. The 

v alues  o b ta i n e d  were 340msec ( E . V . ) , 460msec ( L . N . ) ,  and 400msec ( F . G . ) .

Accuracy o f  th e  response was 100%.

L a t e  p o s i t i v i t y  was not  seen in grand mean waveforms computed f o r  

p a t i e n t  s u b j e c t s .  Absence o f  t h e  LPC led t o  an i n s p e c t i o n  o f  averaged  

p o t e n t i a l s  a s s o c i a te d  w i t h  the  missing  s t i m u l i  and t h e i r  s ta n da rd  

d e v i a t i o n s  (computed f o r  25 m issing  s t i m u l i )  re corded from t h e  p a r i e t a l  

e l e c t r o d e  in f o u r  ru n s .  The p o t e n t i a l s  and t h e i r  s ta n da rd  d e v i a t i o n s  

a r e  d e p i c t e d  in F i g u r e  16.  Waveforms t h a t  were recorded from H .P .  and 

S . N .  i l l u s t r a t e  the  p o o r l y  developed LPC t h a t  c h a r a c t e r i z e d  most b r a i n  

responses re co rded  f rom p a t i e n t  s u b j e c t s  in t h i s  c o n d i t i o n .  Late  

p o s i t i v i t y  was seen o n ly  in R .S .  in runs one and two.  Latency o f  the  

LPC was 400msec and a m p l i tu d e  was 6uv and 2uv -  no d i f f e r e n t  than the  

LPC seen in normal s u b j e c t s .  However ,  once aga in  and in c o n t r a s t  to  

the  normal s u b j e c t s ,  v a r i a b i l i t y  across the  epoch was c o n s i d e r a b l e
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F i g u r e  15: Grand mean waveforms and t h e i r  s ta n da rd  e r r o r s

computed in a s s o c i a t i o n  w i t h  s i g n a l s  in the  motor  

response ( v i s u a l  m is s ing  s t i m u l u s )  c o n d i t i o n .

Waveforms a re  comprised o f  fo u r  averages o f  25 

t r i a l s  recorded a t  the  p a r i e t a l  e l e c t r o d e  from  

normal s u b j e c t s .

Arrow denotes median r e a c t i o n  t i m e .  V e r t i c a l  l i n e s  above  

t r a c e  denote i n t e r q u a n t i 1e range o f  r e a c t i o n  

t  i me s .

F i r s t  and second bars beneath the  t r a c e  i n d i c a t e  

onse t  o f  nonsigna l  f l a s h .  M id d le  bar  i n d i c a t e s  

p o in t  in t im e  o f  s t im u l u s  d e l e t i o n .

Upper t r a c e  re p r e s e n t s  grand mean waveforms.

Lower t r a c e  r e p r e s e n ts  s ta n da rd  e r r o r .
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F i g u r e  16 : Averaged p a r i e t a l  p o t e n t i a l s  and t h e i r  s ta ndard

d e v i a t i o n s  computed in a s s o c i a t i o n  w i t h  25 s i g n a l s  

in the  motor  response ( v i s u a l  m is s ing  s t i m u l u s )  

c o n d i t i o n .  Averaged p o t e n t i a l s  were re corded from  

p a t i e n t  s u b j e c t s .

Arrow denotes median r e a c t i o n  t i m e .  V e r t i c a l  l i n e s  

above t r a c e  denote i n t e r q u a r t i l e  range o f  

r e a c t i o n  t im es .

F i r s t  and t h i r d  bars beneath the  t r a c e  i n d i c a t e  

onse t  o f  nonsigna l  f l a s h .  M id d le  bar  i n d i c a t e s  

p o i n t  in t ime  o f  s t im u l u s  d e l e t i o n .

Upper t r a c e  r e p r e s e n t s  averaged p o t e n t i a l .

Lower t r a c e  r e p r e s e n t s  s ta n d a rd  d e v i a t i o n .
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r e f l e c t i n g  v a r i a b i l i t y  o f  the background EEG. No in c r e a s e  was seen 

in v a r i a b i l i t y  a s s o c i a te d  w i t h  the LPC recorded  f rom R .S .

Median r e a c t i o n  t imes to  the s i g n a l s  a re  noted in F i g u r e  16. The 

values  o b ta in e d  were 660msec and 750msec ( H . P . )  -  l a r g e r  than the  values  

o b ta in ed  f o r  normal s u b j e c t s .  S .N.  was u nab le  t o  l e a r n  the  R . T .  t a s k .  

During  the t r a i n i n g  p er io d  he was taught  t o  l a b e l  v e r b a l l y  each s t i m u l u s  

ev ent  " l i g h t "  or  "no l i g h t " .  Motor response accuracy  rang ing  from 

70-80% was poorer  than in the  normal s u b je c ts  and, in a d d i t i o n ,  poorer  

than in th e  o t h e r  c o n d i t i o n s  t h a t  r e q u i r e d  s u b je c ts  t o  e v a l u a t e  s t i m u l u s  

eve nts  .

c . M iss in g  s t im u l u s  p o t e n t i a l s  in no motor response c o n d i t i o n . 

Averaged c o r t i c a l  p o t e n t i a l s  a s s o c i a te d  w i t h  the  mis s ing  s t i m u l i  were  

always l a r g e s t  a t  the  p a r i e t a l  s i t e .  Grand mean waveforms and t h e i r  

s ta n dard  e r r o r s  were computed f o r  f o u r  averages  o f  25 t r i a l s  recorded  

from the p a r i e t a l  e l e c t r o d e .  La te  p o s i t i v e  a c t i v i t y  was seen in a l l  

normal s u b j e c t s .  The p o t e n t i a l s  a r e  d e p i c t e d  in F i g u r e  17 which a l s o  

shows th e  s ta n d a rd  e r r o r s  o f  the  means. Latency o f  the  LPC was 400msec 

( E . V . ) ,  500msec ( L . N . ) ,  and 500msec ( F . G . ) .  Am pl i tude  o f  the  LPC was 

3uv ( E . V . ) ,  5uv ( L . N . ) ,  and 11uv ( F . G . )  -  no d i f f e r e n t  than in the  

motor response c o n d i t i o n .  No v a r i a b i l i t y  across the  epoch was noted  

and v a r i a b i l i t y  in a s s o c i a t i o n  w i t h  the  LPC was i n s i g n i f i c a n t .

L a te  p o s i t i v i t y  was not seen in grand mean waveforms computed f o r  

p a t i e n t  s u b j e c t s .  Absence o f  the  LPC led t o  an i n s p e c t i o n  o f  average  

p o t e n t i a l s  a s s o c ia te d  w i t h  the  mis s ing  s t i m u l i ,  and t h e i r  s ta ndard
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F i g u r e  17: Grand mean waveforms and t h e i r  s tandard  e r r o r s

computed in a s s o c i a t i o n  w i t h  s i g n a l s  in t h e  no 

motor response ( v i s u a l  m issing  s t i m u l u s )  c o n d i t i o n .  

Waveforms a r e  comprised o f  25 t r i a l s  recorded a t  

the  p a r i e t a l  e l e c t r o d e  f rom normal s u b j e c t s .

F i r s t  and t h i r d  bars beneath the t r a c e  i n d i c a t e  

onset  o f  nonsigna l  f l a s h .  M id d le  bar  i n d i c a t e s  

p o in t  in t im e  o f  s t im u l u s  d e l e t i o n .

Upper t r a c e  re p r e s e n ts  grand mean waveform.

Lower t r a c e  re p r e s e n t s  s tandard  e r r o r .
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d e v i a t i o n s  (computed f o r  25 m is s in g  s t i m u l i )  recorded f rom t h e  p a r i e t a l  

e l e c t r o d e  in fo u r  ru ns .  The p o t e n t i a l s  and t h e i r  s ta n d a rd  d e v i a t i o n s  

are  d e p i c t e d  in F ig u r e  18. The waveforms t h a t  were recorded  from R .S .  

and H .P.  in the  second run and the  waveform recorded  f rom S .N .  i l l u s t r a t e  

the  absence o f  l a t e  p o s i t i v i t y  t h a t  c h a r a c t e r i z e d  most re c o r d in g s  from 

p a t i e n t  s u b j e c ts  in t h i s  c o n d i t i o n .  L a te  p o s i t i v i t y  seen in the  f i r s t  

run in R .S .  and H .P.  had a l a te n c y  o f  560msec ( R . S . )  and 460msec ( H . P . ) ;  

a m p l i t u d e  o f  the  LPC was Uuv ( R . S . )  and 2uv ( H . P . )  -  no d i f f e r e n t  than  

the LPC seen in normal s u b j e c t s .  V a r i a b i l i t y  across the  epoch was very  

n o t i c e a b l e  and, in a d d i t i o n ,  in c re ased  v a r i a b i l i t y  in a s s o c i a t i o n  w i t h  

l a t e  p o s i t i v i t y  was seen in H.P.

Measurements o f  l a t e  p o s i t i v e  components in th e  waveforms a s s o c ia te d  

w i t h  v i s u a l  m is s ing  s t i m u l i  a re  summarized in T a b l e  5 .

3 .  R e s p o ns e -T r ig g e red  P a r i e t a l  P o t e n t i a l s

In o r d e r  t o  i n v e s t i g a t e  the  absence o f  averaged p o t e n t i a l s  a s s o c ia te d  

w i t h  missing  s t i m u l i  in p a t i e n t  s u b j e c t s ,  re s p o n s e - l o c k e d  (as w e l l  as 

s t i m u 1 u s - 1ocked)  averaged e l e c t r o p h y s i o l o g i c  a c t i v i t y  was computed in 

a s s o c i a t i o n  w i t h  the  RT. R e s p o n s e - t r i g g e r e d  l a t e  p o s i t i v i t y  was seen 

in a l l  normal s u b j e c t s  in s i x  or  seven o f  e i g h t  ru ns .  The waves began 

in synchrony w i t h  motor response o n s e t .  No r e s p o n s e - t r i g g e r e d  l a t e  

p o s i t i v i t y  was seen in th e  p a t i e n t  s u b j e c t s .
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F i g u r e  18 : Averaged p a r i e t a l  p o t e n t i a l s  and t h e i r  s tandard

d e v i a t i o n s  computed in a s s o c i a t i o n  w i t h  25 s i g n a l s  

in the  no motor  response ( v i s u a l  m is s ing  s t i m u l u s )  

c o n d i t i o n .  Averaged p o t e n t i a l s  were recorded  from  

p a t i e n t  s u b j e c t s .

F i r s t  and t h i r d  bars beneath the  t r a c e  i n d i c a t e  

onset  o f  nonsigna l  f l a s h .  M id d le  bar  i n d i c a t e s  

p o i n t  in t im e  o f  s t im u l u s  d e l e t i o n .

Upper t r a c e  r e p r e s e n t s  averaged p o t e n t i a l .

Lower t r a c e  r e p r e s e n t s  s ta n da rd  d e v i a t i o n .
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T a b le  5: L a t e n c y ,  a m p l i t u d e ,  and v a r i a b i l i t y  measurements

o f  l a t e  p o s i t i v e  components o f  the  grand mean 

p o t e n t i a l s  and the averaged p o t e n t i a l s  a s s o c ia te d  

w i t h  v i s u a l  m is s ing  s t i m u l i .

Waveforms were recorded  a t  the  p a r i e t a l  e l e c t r o d e .
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MEASUREMENTS OF LATE POSITIVE COMPONENTS IN WAVEFORMS

ASSOCIATED WITH VISUAL MISSING STIMULUS

NORMAL SUBJECTS

No Motor
Motor Response C o n d i t io n s  Response C o n d i t i o n

Grand Mean P o t e n t i a l s E.V. L.N . F.G. E .V . L.N . F.G.

Latency 400 400 390 400 500 500

Ampli tude 4 4 8 3 5 1 1

Standard E r r o r  a t  
Po in t  o f  Measurement 1 .0 1 .0 1 .0 1 .0 1 .0 1 .i

Motor Response

PATIENT 

Cond i t  i on

SUBJECTS

No
Respon:

Motor
se C o n d i t io n

Averaqed P o t e n t i a l s R. S . * H .P . S.N. R .S .  * H . P . * S.N.

Latency 4 0 0 , 4 0 0 - - 560 460 -

Ampli tude 6 , 2 0 0 4 2 0

Standard  E r r o r  a t  
Po in t  o f  Measurement 2 . 8 ,2 1 .8 2 . 8 2 . 2 4 . 8 2

* | n  the  motor response c o n d i t i o n ,  measurements f o r

R .S .  a re  f o r  averaged p o t e n t i a l s  recorded  in the

f i r s t  and second o f  fo u r  r u n s .  In the  no motor  

response c o n d i t i o n ,  measurements f o r  R .S .  and

H .P .  a re  f o r  averaged p o t e n t i a l s  re corded in the

f i r s t  o f  fo u r  ru ns .

Latency in msec 
Am pl i tude  in uv 
Standard E r r o r  in  uv 
Standard  D e v i a t i o n  in uv
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CHAPTER IV 

DISCUSS ION

E v e n t - r e l a t e d  p o t e n t i a l s  were recorded from t h r e e  a u t i s t i c  

c h i l d r e n  and compared w i t h  d a ta  o b ta in e d  from t h r e e  normal c h i l d r e n  

o f  the  same age .  The r e s u l t s  suggest  t h a t  in i n d i v i d u a l  a u t i s t i c  

c h i l d r e n  a b e r r a n t  b r a i n  processes can be d e f i n e d  e 1e c t r o p h y s i o l o g i c a 11y . 

F in d in g s  a re  c o n s i s t e n t  w i t h  the proposal  t h a t  n e u r o p h y s i o l o g i c  

d e v i a t i o n s  a t  p a r t i c u l a r  stages  o f  i n f o r m a t i o n  p rocess in g  can be 

r e l a t e d  to  b e h a v i o r a l l y  d e f i n e d  a b n o r m a l i t i e s .  Thus,  r e s u l t s  o f  

the  p re se nt  stu dy  not  o n ly  suggest  t h a t  e l e c t r o p h y s i o l o g i c  methods 

can be used to  s tu dy  p s y c h o p a th o lo g ic  d i s o r d e r s  b u t ,  in a d d i t i o n ,  

the r e s u l t s  add t o  an i n c r e a s i n g  body o f  ev id e n ce  t h a t  the  i d e n t i ­

f i c a t i o n  o f  ERP-psychologic  process r e l a t i o n s  may be a f e r t i l e  a re a  

f o r  the  stu dy o f  q u a n t i t a t i v e  i n d i c a t o r s  o f  mental  i l l n e s s .

I t  must be s t a t e d  a t  the o u t s e t ,  however ,  t h a t  i t  would be 

s u r p r i s i n g  i f  an e x p l o r a t o r y  stu dy o f  a complex problem such as 

Chi ldhood Aut ism were t o  r e s o l v e  a l l  aspects  o f  t h a t  problem.  In 

the  c o n t e x t  o f  the  p re se n t  s tu d y ,  th e n ,  th e  i n f o r m a t i o n  t r a n s m i s s i o n  

sequence in i n d i v i d u a l  s u b j e c ts  has been o u t l i n e d ,  but  d e t a i l e d  

a n a l y s i s  o f  ERP c h a r a c t e r i s t i c s  i m p l i c a t e d  in p ro cess in g  o f  sensory  

i n f o r m a t i o n  has not  been accom pl ished .  Indeed ,  the  many unanswered  

q u es t ion s  r a i s e d  by the  f i n d i n g s ,  in t u r n ,  encourage f u t u r e  s t u d y .

For t h i s  reas on,  in the  f o l l o w i n g  comments, I have s e l e c t e d  f o r
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p r e s e n t a t i o n  some im port an t  unreso lved  issues .  Answers t o  these  a re  

major  o b j e c t i v e s  o f  f u r t h e r  re se arch  and e s s e n t i a l  t o  an improved 

u n d e rs ta n d in g  o f  the  n a tu r e  o f  p sy ch o lo g ic  impairments and the  

f u n c t i o n a l  s i g n i f i c a n c e  o f  ERP d e v i a t i o n s  in Chi ldhood Aut ism.

A. S u b c o r t i c a l  A u d i t o r y  Evoked P o t e n t i a l s

The waveforms recorded from p a t i e n t  s u b j e c ts  in a s s o c i a t i o n  

w i t h  r a p id  b i n a u r a l  s t i m u l a t i o n  were w i t h i n  normal l i m i t s .  The 

o b s e r v a t i o n  suggests  t h a t  in the a u t i s t i c  c h i l d r e n  who were s tu d ie d  

s u b c o r t i c a l  p ro cess in g  mechanisms w i t h i n  the  a u d i t o r y  pathways were  

i n t a c t .  T h is  r e s u l t  is  consonant  w i t h  the f i n d i n g s  o f  O r n i t z  e t  a l  

( 1 9 6 8 ) .  Using a u d i t o r y  evoked p o t e n t i a l s  (AEP) recorded  in a u t i s t i c  

c h i l d r e n  d u r in g  s l e e p ,  they  r e p o r te d  o n ly  m a rg in a l  d i f f e r e n c e s  between 

the se  c h i l d r e n  and normal c o n t r o l s .  Thus,  i t  appears t h a t  a l th o u g h  

a u t i s t i c  c h i l d r e n  o f t e n  resemble c h i l d r e n  w i t h  profound hea r in g  

d i s t u r b a n c e ,  t h e i r  a u d i t o r y  in pu t  is not n e c e s s a r i l y  im p a ir e d .

B. C o r t i c a l  A u d i t o r y  Evoked P o t e n t i a l s

Longer l a te n c y  c o r t i c a l  evoked p o t e n t i a l s  e l i c i t e d  by c l i c k s  

were recorded from a l l  s u b j e c t s .  In the  normal s u b j e c t s  a c h a r a c t e r i s t i c  

t r i p h a s i c  complex was seen both in the  lsec  IS I  c o n d i t i o n  and the  3sec 

ISI  c o n d i t i o n  and responses were remarka bly  i n v a r i a n t  across runs and 

across c o n d i t i o n s .  In the p a t i e n t  s u b j e c t s ,  however ,  the p o s i t i v e -  

n e g a t i v e - p o s i t i v e  waveform was not  seen in the  s h o r t e r  ISI  c o n d i t i o n .  

Because an averaged evoked p o t e n t i a l  was not  seen in e i t h e r  o f  the  

f i r s t  two b locks  o f  ten t r i a l s ,  h a b i t u a t i o n  does not seem t o  e x p l a i n  

t h i s  f i n d i n g .  S t i l l ,  r a p id  h a b i t u a t i o n ,  a c e n t r a l  p ro ce ss ,  in the
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i n i t i a l  t r i a l s  can not  be ent  i r e l y  ru le d  o u t .  V a r i a b l e  l a t e n c y  o f  

the  response to  s i n g l e  c l i c k s  on the o t h e r  hand, would f l a t t e n  and 

reduce the a m p l i t u d e  o f  the AEP but not a b o l i s h  i t .

In c o n t r a s t  t o  t h e  lsec  ISI  c o n d i t i o n ,  the  p o s i t i v e - n e g a t i v e -  

p o s i t i v e  waveform was seen in a l l  p a t i e n t  s u b j e c ts  in th e  3sec ISI  

c o n d i t i o n .  Al though th e  AEP was more v a r i a b l e  than  the response  

recorded  in normal s u b j e c t s ,  i t  was not  d i f f e r e n t  in l a t e n c y  o r  

a m p l i t u d e .  Absence o f  th e  c h a r a c t e r i s t i c  AEP in the p a t i e n t  s u b j e c ts  

in the  s h o r t e r  ISI  c o n d i t i o n  and i t s  presence in the  lon ger  IS I  

c o n d i t i o n  suggests  d e f e c t i v e  process in g  o f  a u d i t o r y  i n f o r m a t i o n  t h a t  

is p re sented  r a p i d l y .

C l a r i f i c a t i o n  o f  unanswered q u e s t i o n s  c on cern ing  the  n a t u r e  o f  

t h e  a u d i t o r y  p ro ce ss in g  impairment  t h a t  is r e f l e c t e d  in these  EP 

d a ta  depends upon f u t u r e  s t u d y .  Import an t  qu es t i on s  h e r e  in c lu d e :

i .  What is th e  r o l e  o f  h a b i t u a t i o n  in impa ired  p ro ce ss in g  o f  r a p id  

a u d i t o r y  in f o r m a t i o n ?

i i .  Is t h e  impairment  m o d a l i t y - s p e c i f i c ?

i i i .  What a r e  the  par am eters  o f  the impairment  in  p ro cess in g  o f  

a u d i t o r y  i n f o r m a t i o n  t h a t  is p re sented  r a p i d l y ?

C . P o t e n t i a l s  A s s o c ia te d  w i t h  A u d i t o r y  D i s c r i m i n a t i o n

In c o n t r a s t  t o  th e  v a r i a b l e  o r  absent  a u d i t o r y  evoked p o t e n t i a l s  

in the  no response c o n d i t i o n s ,  responsesto  nonsignal  tones in the  

a u d i t o r y  d i s c r i m i n a t i o n  c o n d i t i o n  were c o n s i s t e n t l y  r e c o r d e d .  A l though  

response l a t e n c y ,  and a m p l i tu d e  o f  PI and Nl were s i m i l a r  in normal  

s u b j e c t s  and p a t i e n t  s u b j e c t s ,  P2 a m p l i t u d e  was g r e a t e r  in t h e  n o rm a ls .  

These r e s u l t s  suggest  s e n s i t i v i t y  o f  the  a u d i t o r y  evoked response in
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the p a t i e n t  s u b je c ts  and not  in the nor ma l  s u b je c ts  to  tas k  r e q u i r e ­

ments as w e l l  as to  I S I .  They a l s o  u n d e r l i e  the need to  c o n s id e r  

the  im p o r tan t  r o l e  o f  a t t e n t i o n a l  e f f e c t s  in magni tude o f  the  s t im u l u s  

i n f o r m a t i o n  t h a t  reaches a s p e c i f i e d  l e v e l  in the  nervous system.

In t h i s  r e g a r d ,  l a t e  p o s i t i v i t y  was seen in the  nonsigna l  ERP 

o f  two p a t i e n t s .  Th is  f i n d i n g  suggests  t h a t  some a u t i s t i c  c h i l d r e n  

may be pro cess in g  a l l  s t i m u l i  as s i g n a l  eve n ts  -  o r  f a i l i n g  t o  d i f f e r ­

e n t i a t e  s i g n a l s  and n o n s ig n a ls .  A l t e r n a t i v e l y ,  the p a t i e n t  s u b j e c t s  

may be f a i l i n g  to  a t t e n d  s e l e c t i v e l y  t o  the s i g n a l s  and,  i n s t e a d ,  

o r i e n t i n g  o r  s h i f t i n g  a t t e n t i o n  to  each e v e n t .

The s i g n a l  ERP c on ta i n e d  l a t e  p o s i t i v e  p a r i e t a l  p o t e n t i a l s  in 

p a t i e n t  s u b j e c t s  and normal s u b j e c t s .  A l though peak l a t e n c y  was s i m i l a r  

in a l l  s u b j e c t s ,  peak a m p l i t u d e  was, most o f t e n ,  s m a l l e r  in the  p a t i e n t s .  

In a d d i t i o n ,  t h e r e  was c o n s i d e r a b l e  v a r i a b i l i t y  in l a t e  p o s i t i v e  a c t i v i t y  

recorded  in the p a t i e n t  s u b j e c ts  and n e g l i g i b l e  v a r i a b i l i t y  in the normal  

c h i l d r e n .  In the p a t i e n t s ,  the l a r g e  EEG would have an u n f a v o r a b l e  a f f e c t  

on the  s i g n a l  t o  no is e  r a t i o ,  making i t  more d i f f i c u l t  t o  see the  LPC. 

V a r i a b i l i t y  o f  the LPC can be r e l a t e d  t o  v a r i a b i l i t y  o f  the EEG.

The f i n d i n g s  here  support  the  n o t i o n  t h a t  a u t i s t i c  c h i l d r e n  may 

have impa ired  a b i l i t y  to  r e g i s t e r  p e r t i n e n t  a u d i t o r y  i n f o r m a t i o n  in memory 

a n d / o r  impa ired a b i l i t y  to  d e te rm in e  the  match o r  mismatch o f  a s t im u l u s  

to  a s to r e d  t e m p l a t e .  I n s t a b i l i t y  o f  the LPC can a l s o  be a s s o c i a te d  

w i t h  poor a b i l i t y  to  change sen so ry -m o to r  s e ts  in a n t i c i p a t i o n  o f  

succeeding e ve n ts  -  a c h a r a c t e r i s t i c  o f  a u t i s t i c  c h i l d r e n  t h a t  is  o f t e n  

d e s c r ib e d  b e h a v i o r a l l y .

F i n a l l y ,  i t  should be mentioned t h a t  the  p a r i e t a l  a s s o c i a t i o n
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c o r t e x ,  long regarded as a component o f  c e r e b r a l  mechanisms t h a t  

subserve complex i n f o r m a t i o n  p r o c e s s i n g ,  is among the  l a s t  to  

a ch ie ve  s t r u c t u r a l  m a t u r a t i o n .  Thus,  a r r e s t e d  development  o f  

c e r e b r a l  mechanisms r a t h e r  than a d e f e c t i v e  c e r e b r a l  mechanism can 

a l s o  e x p l a i n  d e f i c i e n c i e s  in s h o r t - t e r m  s to r a g e  o f  sensory  i n f o r ­

mat ion  t h a t  a re  suggested by r e s u l t s  o f  the  a u d i t o r y  d i s c r i m i n a t i o n  

exper  i m e n t .

F u r t h e r  stu dy o f  d i s c r i m i n a t i o n  in a u t i s t i c  c h i l d r e n  is needed 

to  h e l p  i d e n t i f y  t h e  n a t u r e  o f  the  LPC d e v i a t i o n s  in t h i s  c o n d i t i o n .  

Qu est ions  f o r  f u t u r e  stu dy in c lu d e :

i .  Are the  LPC d e v i a t i o n s  m o d a l i t y - s p e c i f i c ?

i i .  What a re  the  e f f e c t s  on LPC s t a b i l i t y  o f  changes in s t i m u l u s  

and e x p e r i m e n t a l  v a r i a b l e s ?

D . M is s in g  S t im u lu s  P o t e n t i a l s

A u d i t o r y  and v i s u a l  p o t e n t i a l s  were s i m i l a r  in normal and 

p a t i e n t  s u b j e c ts  in a l l  o f  the  m is s in g  s t im u l u s  c o n d i t i o n s .  Responses 

t o  the  n o n s ig n a ls  in th e  motor  reponse c o n d i t i o n s  were no d i f f e r e n t  

than those in the  no motor response c o n d i t i o n s .  Th is  suggests  t h a t  

in the mis s ing  s t im u l u s  exp er im e nts  a t t e n t i o n  was focused on the  

s t i m u l i ,  independent  o f  a motor response r e q u i r e m e n t .  In t u r n ,  

the  t a s k  here  -  in c o n t r a s t  t o  the  no response AEP c o n d i t i o n s  -  

enhanced the  ERP seen in  t h e  a u t i s t i c  c h i l d r e n .  I t  is a l s o  worth  

n o t i n g  t h a t  no l a t e  p o s i t i v i t y  was seen in a s s o c i a t i o n  w i t h  n o n s i g n a l s .  

This  f i n d i n g  suggests  t h a t  the  p a t i e n t  s u b j e c ts  were a b l e  to
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d i f f e r e n t i a t e  s i g n a l s  and nons i gna l s  in t h i s  t ask  -  u n l i k e  the

a u d i t o r y  d i s c r i m i n a t i o n  c o n d i t i o n .

Perhaps the most s t r i k i n g  f i n d i n g  o f  t h i s  study and c e r t a i n l y  

one o f  g r e a t  i n t e r e s t  in the a t t e m p t  to  d e f i n e  a r e l a t i o n  between  

b r a i n  processes and b e h a v i o r a l  a b n o r m a l i t i e s ,  is  the  f a c t  t h a t  

b r a i n  p o t e n t i a l s  a s s o c ia te d  w i t h  missing  s t i m u l i  were r a r e l y  seen 

in p a t i e n t  s u b je c ts  and observed c o n s i s t e n t l y  in normal s u b j e c t s .

Moreover ,  the  motor response requ i re m ent  d id  not a f f e c t  magni tude  

o f  the l a t e  p o s i t i v e  a c t i v i t y  in the p a t i e n t  s u b j e c t s .

P o s i t i v e  missing  s t im u l u s  p o t e n t i a l s  (MSP) were ,  however,  

u s u a l l y  seen in the f i r s t  o r  f i r s t  two runs.  T h is  suggests  the  

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

s to r a g e  processes seen in a u t i s t i c  c h i l d r e n .  Again -  f u r t h e r  s tu d i e s  

a r e  needed to  c l a r i f y  the r o l e  o f  s h o r t - t e r m  h a b i t u a t i o n  in the  

e x t r e m e l y  ra p id  r e d u c t io n  o r  absence o f  the  MSP in a u t i s t i c  c h i l d r e n .  

F i n a l l y ,  a q u e s t i o n  r a is e d  p r e v i o u s l y  is  once a ga in  r e l e v a n t  here  -  

namely,  is  f a i l u r e  in the development o f  p e r c e p t u a l  and c o g n i t i y e  

s k i l l s  r e l a t e d  to  a s lo w ly  emerging and p o t e n t i a l l y  normal f u n c t i o n a l  

competence o f  the p a r i e t a l  a s s o c i a t i o n  a r e a  o f  th e  c o r t e x  o r  t o  a 

d e f e c t i v e  c r i t i c a l  c o r t i c a l  reg ion?

Two p a t i e n t s  were a b l e  to  l e a r n  and per fo rm  the  RT tas k  f a i r l y  

a c c u r a t e l y .  T h e r e f o r e ,  absence o f  the  MSP in the  two motor  response  

c o n d i t i o n s  is o f  p a r t i c u l a r  i n t e r e s t .  Th is  r e s u l t  supports  the h ypothes is  

t h a t  the LPC does not r e f l e c t  b r a i n  eve n ts  t h a t  precede d i s c r i m i n a t i v e  

b e h a v i o r a l  responses.  An e a r l i e r  n e g a t i v i t y  (N2) o f  the t a s k - r e l a t e d
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a c t i v i t y  may be r e l a t e d  t o  the d e c i s i o n  process in sensory  d i s c r i m i n a ­

t i o n .  Thus,  the MSP d a ta  should be a na ly zed  to  d e te rm in e  the N2 -  RT 

re 1 a t  ion.

In t h i s  c o n n e c t io n ,  i t  seems nec es sary  to  comment b r i e f l y  on 

c e r t a i n  d i f f i c u l t i e s  encountered  in the missing  s t im u l u s  c o n d i t i o n s  

t h a t  r e q u i r e d  the RT t a s k .  The two p a t i e n t  s u b j e c t s  who were a b l e

to  l e a r n  the motor response ta s k  had enormous d i f f i c u l t y  l e a r n i n g  

i t  and needed many more t r a i n i n g  t r i a l s  here  than in the  a u d i t o r y

d i s c r i m i n a t i o n  c o n d i t i o n .  One e x p l a n a t i o n  is t h a t  in the  missing  

s t im u l u s  c o n d i t i o n s  the  t as k  was less  c o n c r e t e  ( res pond in g  to  the  

nonappearance o f  a s t im u l u s  eve nt  as opposed to  a d i f f e r e n t  s t im u l u s

e v e n t ) ;  a n o th er  is t h a t  in these  c h i l d r e n  responses le arn ed  in 

a s s o c i a t i o n  w i t h  one s t im u l u s  e v e n t  a r e  not  r e a d i l y  t r a n s f e r r e d  to  

a second e v e n t .  In e i t h e r  cas e ,  t a s k  performance  s u f f e r e d  and, in 

f a c t ,  the c h i l d r e n  had many f a s l e  p o s i t i v e s  and tended t o  both a n t i c i p a t e

the s i g n a l s  and to  move t h e i r  bodies w i t h  each f i n g e r  l i f t  ( R T ) , The

r e s u l t  was t h a t  s u b s t a n t i a l  a r t i f a c t  was in c lu ded  in most o f  the

averaged p o t e n t i a l s  a s s o c i a te d  w i t h  the  m issing  s t i m u l i .  Thus,
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d i f f i c u l t y  in p e r fo r m i n g  the  RT t a s k  might  be r e l a t e d  i r  s e v e r a l  

ways to  the absence o f  measurable  t a s k - r e l a t e d  p o t e n t i a l s  in the  

mis s ing  s t im u l u s  motor response c o n d i t i o n s .  F u r t h e r ,  the  absence  

o f  a r e l i a b l e  motor response measure impedes both the  e x a m in a t io n  

o f  i n f o r m a t i o n  t r a n s m i s s i o n  through the  nervous system and the  

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

s ta g e  o f  i n f o r m a t i o n  p r o c e s s i n g .  Thus,  in f u t u r e  s tu d i e s  i t  would  

c e r t a i n l y  be advantageous to  in v e s t  a good deal o f  t im e  in t r a i n i n g  

t o  a ch ie ve  a c c u r a t e  motor re sponses.

C l a r i f i c a t i o n  o f  many issues c on cern ing  the  n a t u r e  o f  the  

s h o r t - t e r m  s to r a g e  d e f i c i t  r e f l e c t e d  in t h e  m is s in g  s t i m u l u s  

p o t e n t i a l  d a t a  can be major  o b j e c t i v e s  o f  f u t u r e  r e s e a r c h .  Some 

o f  the im p o r tan t  issues here  a re :

i .  The e f f e c t  on the  LPC o f  p r o b a b i l i t y  o f  o c c u r re nc e  o f  o m i t te d  

s t  i mu 1 i .

i i .  The e f f e c t  on the  LPC o f  changes in s t im u l u s  as w e l l  as e x p e r i ­

mental  v a r i a b l e s .

i i i .  The r o l e  o f  h a b i t u a t i o n  in r a p id  decrement o r  absence o f  the  

LPC.

E . R e l a t i o n  o f  E 1e c t r o p h y s i o l o g i c  Data  and N europsyc ho log ic  Tes t

R es u l t s

The sea rch  f o r  a r e l a t i o n  between the  e l e c t r o p h y s i o l o g i c  d a ta  

recorded  f rom s u b j e c ts  in a range o f  e x p e r im e n t a l  c o n d i t i o n s  ( T a b le  6 ) 

and n e u r o p s yc h o log ic  d a ta  r e v e a l s  s e v e r a l  i n t e r e s t i n g ,  a l b e i t  incon­

c l u s i v e  f i n d i n g s .  On t h e  one hand, R . S .  was the  p a t i e n t  s u b j e c t

- 1 1 2 -



T a b l e  6 :  Measurements o f  b r a i n  p o t e n t i a l s  re corded

from each s u b j e c t  across e x p e r im e n t a l  c o n d i t i o n s .  

Evoked p o t e n t i a l s  t o  c l i c k s  were re corded a t  th e  

v e r t e x  e l e c t r o d e .  P o t e n t i a l s  a s s o c i a te d  w i t h  

a u d i t o r y  d i s c r i m i n a t i o n  and w i t h  mis s ing  s t i m u l i  

were recorded  a t  the  p a r i e t a l  e l e c t r o d e .
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MEASUREMENTS OF BRAIN POTENTIALS RECORDED

ACROSS EXPERIMENTAL CONDITIONS

Evoked P o t e n t i a l s  to  C l i c k s

1 sec IS I 
P2

Latency  
Ampli tude

3Sec IS I 
P2

Latency  
Ampli tude

P o t e n t i a l s  A ss o c ia ted  w i t h  
A u d i t o r y  D i s c r i m i n a t i o n

Latency  
Ampli tude

M is s in g  S t im u lu s  P o t e n t i a l s  
Aud i t o r y

Motor  Response C o n d i t i o n  
Latency  
Ampli tude

No Motor Response C o n d i t i o n  
Latency  
Ampli tude

V i su a l

Motor Response C o n d i t i o n  
Latency  
Ampli tude

No Motor Response C o n d i t i o n  
Latency  
Ampli tude

NORMAL SUBJECTS

E.V .  L .N .  F .G.

150 190 130
3 4 5

200 200 190
5 5 7

270 320 350
15 8 4

360 360 370
9 8 10

360 400 420
3 10 5

400 400 390
4 4 8

400 500 S00
3 5 11

Latency  in msec 
Ampli tude  i n uv



who o b ta i n e d  the  lowest  age e q u i v a l e n t  scores on the  Peabody P i c t u r e  

Voc ab u la ry  Tes t  and the A u d i t o r y  Memory T e s t .  A l s o ,  in R .S .  the  

s m a l l e s t  a u d i t o r y  evoked p o t e n t i a l s  were recorded both in a s s o c i a t i o n  

w i t h  c l i c k s  and in a s s o c i a t i o n  w i t h  nonsigna l  to n e s .  A l l  o f  these  

r e s u l t s  suggest  the e x i s t e n c e  o f  s e r i o u s l y  impa ired mechanisms 

m e d ia t in g  p roce ss ing  o f  a u d i t o r y  i n f o r m a t i o n .  The d e f e c t i v e  

mechanisms, in t u r n ,  most p ro b ab ly  c o n t r i b u t e d  to  the  v ery  low Verbal  

I . Q .  and F u l l  S c a l e  I . Q .  t h a t  were o b ta in e d  by t h i s  p a t i e n t  s u b j e c t .

On th e  o t h e r  hand, H .P .  and S .N .  were t h e  p a t i e n t  s u b je c ts  who 

o b ta i n e d  h i g h e r  scores on the  n eu ro p sych o log ic  t e s t s  under c o n s i d e r a t i o n  

and had l a r g e r  c o r t i c a l  a u d i t o r y  evoked p o t e n t i a l s .  These f i n d i n g s  

suggest  r e l a t i v e l y  less d e f e c t i v e  mechanisms s u b s erv in g  a u d i t o r y  

p r o c e s s i n g .  F i n a l l y ,  o f  a l l  th e  p a t i e n t  s u b j e c t s ,  S . N .  o b ta in e d  

th e  h i g h e s t  score  on the  A u d i t o r y  Memory T e s t .  He a l s o  had the  

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

m issing  s t im u l u s  p o t e n t i a l s .  These d a t a  support  t h e  n o t i o n  t h a t  in 

S .N .  a b i l i t y  to  r e g i s t e r  a u d i t o r y  i n f o r m a t i o n  in memory was less  

impa ire d  than  in the  o t h e r  p a t i e n t  s u b j e c t s .

A r e l a t i o n  between d e f e c t i v e  p ro cess in g  o f  a u d i t o r y  i n f o r m a t i o n  

and s p e c i f i c  n e u r o p h y s i o l o g i c  d y s f u n c t i o n  is supported  by the  r e s u l t s  

o f  DeLong's s t u d i e s  ( I n  P r e s s ) .  DeLong discussed a n eu ro p sych o log ic  

i n t e r p r e t a t i o n  o f  a u t is m  on the  bas is  o f  c o n s i s t e n t  changes on 

pneumoencephalography r e f l e c t i n g  s p e c i f i c  ana tom ica l  pa tho lo gy  in 

t h e  l e f t  medial  temporal  lobe and seen as d i l a t i o n  o f  the  temporal
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horn o f  the  l e f t  v e n t r i c l e .  The r e l a t i o n  between a l e s i o n  o f  the  l e f t  

medial  temporal  lo b e ,  poor a u d i t o r y  p r o c e s s i n g ,  and profound language  

d e f i c i e n c y  is c l e a r .  DeLong suggested a s p e c i f i c  l e f t  hemisphere l e s i o n  

and the absence o f  t r a n s f e r  o f  s p e c i f i c  l e f t  hemisphere f u n c t i o n s  t o  the  

nondominant s i d e ,  i t  is no s u r p r i s e  t h a t  a u t i s t i c  c h i l d r e n  can o f t e n  

dem onstr a te  f i n e  r i g h t  h e m i s p h e r e - r e l a t e d  f u n c t i o n s  a s s o c i a te d  w i t h  

pre serv ed  i s l e t s  o f  age -ex pe c te d  s k i l l s .  Here -  two o f  t h e  p a t i e n t  s u b j e c t s ,  

R .S .  and H . P . , had r e l a t i v e l y  i n t a c t  v i s u a l  s p a t i a l  and mechanical  s k i l l s  

as r e f l e c t e d  in h igh  scores on the  Ravens and th e  Slossom T e s t s .  In t u r n ,  

v i s u a l  evoked p o t e n t i a l s  in th e s e  c h i l d r e n  d id  not  d i f f e r  from the norm als .  

S . N . ,  on t h e  o t h e r  hand,  a l s o  had v i s u a l  evoked p o t e n t i a l s  t h a t  were no 

d i f f e r e n t  from the  norm a ls .  He,  however ,  o b ta i n e d  poor scores on the  

t e s t s  o f  v i s u a l  s p a t i a l  a b i l i t i e s  s u g g e s t in g  a more d i f f u s e  l e f t  c o r t i c a l  

l e s i o n ,  a b i l a t e r a l  l e s i o n  a s s o c i a te d  w i t h  e x t r e m e l y  poor und ers ta n d in g  

o f  t e s t  r e q u i r e m e n ts ,  a n d / o r  a g r e a t  need f o r  f ee dback  and s e l f - c o r r e c t i o n .  

The l a t t e r  i n t e r p r e t a t i o n ,  in p a r t ,  e x p l a i n s  t h i s  c h i l d ' s  h igh  Performance

I . Q .  in l i g h t  o f  poor scores on the  t e s t s  o f  v i s u a l  s p a t i a l  a b i l i t i e s .  

F i n a l l y ,  in a l l  p a t i e n t  s u b j e c t s ,  th e  p o o r l y  developed l a t e  p o s i t i v i t y  

in v i s u a l  m issing  s t im u l u s  exp er im ents  and poor scores on the  V isu a l  

S e q u e n t i a l  Tes t  both support  t h e  n o t i o n  o f  s e r i o u s l y  impa ired a b i l i t y  

t o  s t o r e  in memory s e q u e n t i a l  i n f o r m a t i o n  t h a t  is p resen ted  v i s u a l l y .

In summary, the t h r e e  p a t i e n t  s u b j e c t s  had c o r t i c a l  responses  

t h a t  d i f f e r e d  most f rom tho se  seen in t h e  normal s u b j e c t s  a t  the  l e v e l  

o f  a s s o c i a t i v e  f u n c t i o n  and a r e l a t i o n  between these  d a ta  and r e s u l t s  

o f  the  n eu ro p sych o log ic  t e s t  can be i n f e r r e d  e a s i l y .  T h i s ,  however ,
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should not be tak en  as ev id e n ce  t h a t  the  u n d e r l y i n g  d e f e c t  in 

Chi ldhood Autism is a t  the h i g h e s t  c o r t i c a l  l e v e l .  R a t h e r ,  g iv en  

a l a r g e r  sample o f  a u t i s t i c  c h i l d r e n ,  i t  is h yp o th es iz ed  t h a t  a range o f  

d e f e c t i v e  mechanisms can be dem onstrated a t  a l l  l e v e l s  w i t h i n  the  

nervous system h i e r a r c h y  and can be r e l a t e d ,  in t u r n ,  t o  z, range  

o f  a b e r r a n t  d e v e ’ opment o f  s p e c i f i c  p sych o lo g ic  p ro cesses .  Con­

f i r m a t i o n  o f  t h i s  h yp o th e s is  a w a i ts  the  r e s u l t s  o f  f u t u r e  

i nves t  i gat  i o n s .

F . S t a t e  o f  A t t e n t i o n ;  R e l a t i o n  t o  P h y s i o l o g i c  and 

N eu ropsycho loq ic  Data  

Se r io u s  shortcomings o f  p h y s i o l o g i c  as w e l l  as b e h a v i o r a l  

s t u d i e s  o f  sensory  p r o ce ss in g  and a problem t h a t  is c e n t r a l  t o  the  

issue o f  i n t e r p r e t i n g  the  n e u r o e l e c t r i c  d a ta  o b ta i n e d  in the  p re sent  

stu dy  o f  a u t i s t i c  c h i l d r e n ,  is t h e  problem o f  c o n t r o l l i n g  a t t e n t i o n a l  

s t a t e .  In s tu d y i n g  s u b j e c t s  who a r e  c h a r a c t e r i s t i c a l l y  unre spons iv e  

and i n a t t e n t i v e ,  one is a lways faced  w i t h  the  di lemma o f  i n t e r p r e t i n g  

the r o l e  o f  a t t e n t i o n  per  se in t h e  absence o f  a b e h a v i o r a l  and /o r  

a p h y s i o l o g i c  re sp onse .  In t h i s  s tu d y  i t  was in tended  t h a t  the  

motor  response re q u i r e m e n t  would p r o v i d e  a c o n t r o l  o f  a t t e n t i o n a l  

e f f e c t s .  N e v e r t h e l e s s ,  f a i l u r e  t o  per form  th e  t a s k  w i t h  100% accuracy  

can not  be ta ken  as p r o o f  o f  i n t e r m i t t e n t  i n a t t e n t i o n  and can not  

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

i s t i c a l l y  a s s o c i a te d  w i t h  d i s c r i m i n a t i v e  re sp o n d in g .  B e h a v io r a l
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c o r r e l a t e s  o f  a t t e n t i o n  depend upon c a r e f u l  o p e r a t i o n a l  d e f i n i t i o n  

o f  t h i s  complex p sy c h o lo g ic a l  c o n s t r u c t .  In t u r n ,  n eu ropsycholog ic  

c o r r e l a t e s  o f  a t t e n t i o n  r e q u i r e  f u r t h e r  d e f i n i t i o n  o f  n eu ra l  mechanisms 

s ub s erv in g  the many pro ce ss in g  mechanisms t h a t  a re  i n v o l v e d .  ( I n  f a c t ,  

t a s k - r e l a t e d  p o t e n t i a l s  a r e  most o f t e n  used in the  e l e c t r o p h y s i o l o g i c  

stu dy  o f  a t t e n t i o n  and these  b r a i n  responses must c e r t a i n l y  be poor  

i n d i c a t o r s  o f  a t t e n t i o n a l  mechanisms d i s t i n c t  from some as y e t  unknown 

number o f  o t h e r  a s s o c i a t i v e  p ro cess in g  mechanisms. )  At  p r e s e n t ,  t h e n ,  

because a t t e n t i o n a l  s t a t e  is p o o r l y  d e f i n e d  and d i f f i c u l t  t o  c o n t r o l ,  

the  p o s s i b i l i t y  t h a t  a t t e n t i o n a l  e f f e c t s  have det e rm in ed  b e h a v i o r a l  

and n e u r o p h y s i o l o g i c  f i n d i n g s  must be c o n s i d e r e d .

G. L i m i t a t i o n s  o f  E v e n t - R e l a t e d  P o t e n t i a l s  

Although e v e n t - r e l a t e d  p o t e n t i a l s  may p r o v i d e  an e x c i t i n g  p o s s i ­

b i l i t y  f o r  i d e n t i f y i n g  s p e c i f i c  a b e r r a n t  processes t h a t  in some way 

r e f l e c t  p s y c h o p a th o lo g ic  s t a t e s  and have proven o f  c o n s i d e r a b l e  v a lu e  

in th e  stu dy  o f  n eu ra l  a c t i v i t i e s  r e l a t e d  to  the  p ro cess in g  o f  sensory  

i n f o r m a t i o n  in anim als  and in normal humans; s t i l l ,  the  p o t e n t i a l  

o f  the  method has s e r io u s  l i m i t a t i o n s .  These l i m i t a t i o n s ,  as the  

f o l l o w i n g  remarks w i l l  show, suggest  t h a t  ERP s t u d i e s  must a lways be 

c o n s id er ed  w i t h  c o n s i d e r a b l e  c a u t i o n .

i .  The i n v e s t i g a t o r  must be a b l e  t o  d i s t i n g u i s h  c e r e b r a l  a c t i v i t y  

f rom e x t ra neous  e l e c t r i c a l  a c t i v i t y .  In the  c o n t e x t  o f  e v e n t - r e l a t e d  

p o t e n t i a l s ,  e l e c t r i c a l  a c t i v i t y  t h a t  is g en era ted  by a source t h a t  is 

e x t e r n a l  t o  the  s u b j e c t  o r  is independent  o f  the  e x p e r im e n t a l  t a s k
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must be re co g n iz e d  as s p u r i o u s .  The f i r s t  type  o f  a r t i f a c t  inc ludes  

a c t i v i t y  t h a t  a r i s e s  from any number o f  e x t e r n a l  sources o f  e l e c t r i c a l  

i n t e r f e r e n c e  and from r e c o r d i n g  appara tus  d e f e c t s .  The second type  

o f  a r t i f a c t  is g en era ted  by p h y s i o l o g i c  v a r i a b l e s  such as s k i n  r e s i s ­

tance  and muscle a c t i v i t y .  Because o f  the  s u s c e p t i b i l i t y  o f  the  

method t o  e l e c t r i c a l  a r t i f a c t s ,  a g r e a t  deal  o f  a t t e n t i o n  must be 

devoted t o  m i n i m i z i n g  t h e  i n f l u e n c e  o f  ext ra neous  e l e c t r i c a l  a c t i v i t y .  

S tu d ie s  t h a t  f a i l  t o  accompl ish t h i s  a re  prone t o  s e r io u s  m i s i n t e r -  

p r e t a t  i o n .

i i .  Another  problem w i t h  the  ERP method is r e l a t e d  t o  the  f a c t  t h a t  

human b r a i n  p o t e n t i a l s  can o r d i n a r i l y  be recorded  o n ly  f rom the  s u r f a c e  

o f  t h e  i n t a c t  s c a l p .  For t h i s  reason,  the  i n f o r m a t i o n  t h a t  is pro v ided  

about  t i m i n g ,  l o c a t i o n ,  and magni tude o f  neura l  eve nts  is degraded  

i n f o r m a t i o n .  Thus, an ambiguous r e l a t i o n  e x i s t s  between e v e n t - r e l a t e d  

p o t e n t i a l s  and s p e c i f i c  i n t r a c r a n i a l  n eu ra l  p rocesses .  Even d e t a i l e d  

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

s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s  can not be s im p ly  i n t e r p r e t e d  in 

terms o f  u n d e r l y i n g  n eu ra l  a c t i v i t i e s  in th e  absence o f  i n f o r m a t i o n  

con c ern ing  t h e  sources t h a t  g e n e r a t e  t h e  p o t e n t i a l s .  In t u r n ,  in 

o r d e r  t o  l o c a t e  i n t r a c r a n i a l  s ou rc e s ,  animal  and human top o g ra p h ic  

s t u d i e s  a re  n e c e s s a r y .  The f a c t  t h a t  t h i s  i n f o r m a t i o n  is s t i l l  l a r g e l y  

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

i n t e r p r e t a t i o n  o f  s c a l p - r e c o r d e d  ERP.
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i i i .  Another  l i m i t a t i o n  o f  the  e v e n t - r e l a t e d  p o t e n t i a l  method in v o lve s  

a t t em p ts  t o  i n t e r p r e t  a m p l i tu d e  as a response measure. Response

1a t e n c y , on the  o t h e r  hand, which is a measure o f  th e  t i m i n g  o f  

neu ra l  e v e n t s ,  is less e qu iv o ca l  s i n c e  i t  is r e l a t i v e l y  u n a f f e c t e d  

by the  d i s t a n c e  o f  the  source from the  e l e c t r o d e .  A l though response  

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

s t im u l u s  p a r a m e te r s ,  i t  is n e v e r t h e l e s s  an ambiguous measure o f  the  

magnitude o f  u n d e r l y i n g  n eu ra l  a c t i v i t i e s .  T h is  is because the  

magnitude and s p a t i a l  d i s t r i b u t i o n  o f  th e  sources t h a t  g e n e r a t e  t h e  

recorded  evoked p o t e n t i a l s  must n e c e s s a r i l y  i n f l u e n c e  p r o fo u n d ly  

the  a m p l i t u d e  o f  e v e n t - r e l a t e d  p o t e n t i a l s .  T h e r e f o r e ,  i n t e r p r e t a t i o n  

o f  the  a m p l i tu d e  response measure is never  s i m p l e .

i v .  I t  should be emphasized t h a t  the  n e c e s s i t y  o f  computer a v e r a g in g  

o f  s e q u e n t i a l  responses in o r d e r  t o  o b t a i n  mean in g fu l  d a t a  is in i t s e l f  

a s i g n i f i c a n t  l i m i t a t i o n .  In a v e r a g i n g ,  one must s a c r i f i c e  th e  

s p e c i f i c i t y  and uniqueness o f  i n d i v i d u a l  responses f o r  th e  advantage

o f  o b t a i n i n g  an adequate  s i g n a l  t o  n o is e  r a t i o .  In o r d e r  f o r  d a ta  o f  

t h i s  t yp e  t o  be a f u l l y  me an ingfu l  r e f l e c t i o n  o f  u n d e r l y i n g  n eu ro ­

e l e c t r i c  pro cesses ,  i t  is necessary  t h a t  the  s uc ce s s iv e  responses  

evoked by a s e r i e s  o f  i d e n t i c a l  s t i m u l i  be themselves  i d e n t i c a l .

S inc e  such f a c t o r s  as h a b i t u a t i o n  and f a t i g u e  a re  more or  less  i n e v i t a b l e  

accompaniments o f  prolonged  s t im u l u s  sequences ,  one must a t t e m p t  t o  

s t r i k e  a b a l a n c e  between the  loss o f  response s t a b i l i t y  and the  

enhancement o f  the  s i g n a l  t o  n o is e  r a t i o .  In any c a s e ,  c o n d i t i o n s  o f
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s t i m u l u s  d e l i v e r y  must be c a r e f u l l y  c o n s id er ed  and the s u b j e c t s '  

s t a t e  must be c l o s e l y  m o n i to r e d .

v .  Another  l i m i t a t i o n  o f  the  ERP method is t h a t  the  a v e r a g in g  

t e c h n i q u e  p ro v ide s  a s i n g l e  datum f o r  each ru n .  Thus,  v a r i a t i o n s  

among responses t o  s i n g l e  s t i m u l i  a re  obsc ured .  I n f o r m a t i o n  about  

such v a r i a t i o n s  in n e u r o e l e c t r i c  a c t i v i t y  might  p r o v i d e  u s e fu l  

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

In c o n c l u s i o n ,  awareness o f  t h e  many l i m i t a t i o n s  o f  the  e v e n t -  

r e l a t e d  p o t e n t i a l  method suggests t h a t  in o r d e r  to  maximize the  

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

i t  is neces sary  t o  pay c l o s e  a t t e n t i o n  t o  the  adequacy o f  e x p e r i ­

mental  and s u b j e c t  c o n t r o l s  and t o  u t i l i z e  c r i t i c a l l y  i n f o r m a t i o n  

about  sources t h a t  g e n e r a t e  t h e  p o t e n t i a l s .  D e s p i t e  the  many 

problems c o n f r o n t i n g  i n v e s t i g a t o r s  t h a t  use the  method, o n l y  t h e  

more p r e s s in g  h av in g  been d is c u s s e d ,  th e  a v a i l a b i l i t y  o f  t h i s  

power ful  e x p e r im e n t a l  s t r a t e g y  p ro v i d e s  an e x c i t i n g  p o s s i b i l i t y  

f o r  d e v e l o p i n g  c o r r e l a t i o n s  between b e h a v i o r  and b r a i n  mechanisms.

In t u r n ,  the  a v a i l a b i l i t y  o f  q u a n t i t a t i v e  i n f o r m a t i o n  about normal  

n e u r a l  a c t i v i t i e s  u n d e r l y i n g  sensory  p ro ce ss in g  and t h e  growing  

e v id e n ce  o f  sensory  p rocess in g  impairments in Ch i ldhood Aut ism  

suggest  t h a t  use o f  th e  ERP method can improve the  q u a n t i t a t i v e  

d e f i n i t i o n  o f  t h i s  d i s o r d e r .

H . Conc lusions and Prospects  

To summarize ,  r e c o r d i n g  and i n t e r p r e t a t i o n  o f  th e  e l e c t r o p h y s i o l o g i c  

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

w i t h  d i f f i c u l t y .  N e v e r t h e l e s s ,  t h e  ERP recorded in the  p r e s e n t
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i n v e s t i g a t i o n  p ro b ab ly  r e f l e c t  n e u r o e l e c t r i c  a c t i v i t y  t h a t  occurs  

d u r in g  t h e  p rocess in g  o f  sensory i n f o r m a t i o n  and is a l t e r e d  in some 

as y e t  i l l  d e f in e d  manner.  More s p e c i f i c a l l y ,  th e  ERP recorded  

f rom t h e  a u t i s t i c  c h i l d r e n  were d i f f e r e n t  than th e  re co rd in g s  from 

t h e  normal c h i l d r e n  in th e  f o l l o w i n g  ways: 1.  C o r t i c a l  a u d i t o r y

evoked p o t e n t i a l s  were a f f e c t e d  by IS I and t a s k  r e q u i r e m e n ts .  2 .  

P o t e n t i a l s  a s s o c i a te d  w i t h  a u d i t o r y  d i s c r i m i n a t i o n  were n o t i c e a b l y  

v a r i a b l e .  3 .  L a te  p o s i t i v i t y  was seen in the  waveforms a s s o c ia te d  

w i t h  nons ig na ls  as w e l l  as s i g n a l s  in an a u d i t o r y  d i s c r i m i n a t i o n  

c o n d i t i o n ,  k .  P o t e n t i a l s  a s s o c ia te d  w i t h  m issing  s t i m u l i  were  

i n f r e q u e n t  or  a b s e n t .  These f i n d i n g s  p r o v i d e  some i n s i g h t  i n t o  

im pa ire d  sensory  and c e n t r a l  p rocesses .  F u r t h e r ,  t h e  study demonstrated  

t h a t  d e f e c t i v e  c e r e b r a l  f u n c t i o n s  sub s erv in g  p ro cess in g  o f  c e r t a i n  

sensory i n f o r m a t i o n  can be r e l a t e d  to  s p e c i f i c  impairments t h a t  can 

be d e f i n e d  b e h a v i o r a l l y .

Si nce  p e r c e p tu a l  d e f i c i t s  cu t  across sensory  m o d a l i t i e s ,  perhaps  

th e  most pars imo nious  way o f  e x p l a i n i n g  the  p h y s i o l o g i c  and b e h a v i o r a l  

impairments in Ch i ldhood Aut ism is t h a t  t h e r e  e x i s t s  in any one c h i l d  

d e f e c t i v e  p h y s i o l o g i c  processes t h a t  a f f e c t  p ro ce ss in g  o f  sensory  

i n f o r m a t i o n  a t  one or  s e v e r a l  l e v e l s  w i t h i n  t h e  nervous system h i e r a r c h y .  

In t u r n ,  the  impa ired  processes a r e  r e f l e c t e d  in a range o f  a b e r r a n t  

b eh a v i o r s  t h a t  depend upon p e r c e p tu a l  s k i l l s .  T h is  is not meant t o  

imply  a u n i t a r y  e t i o l o g y  o r  a s i n g l e  d i s a b i l i t y  but  m e re ly  t o  d e f i n e  

a s im p le  e x p e r i m e n t a l l y  app ro achab le  par am ete r  t h a t  lends i t s e l f  to
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a s y s te m a t i c  e l e c t r o p h y s i o 1o g ic  e x a m in a t io n  o f  a u t i s t i c  c h i l d r e n .

In my v ie w ,  t h e  encourag ing  f i n d i n g s  reviewed here  suggest  

t h a t  the  p re se n t  e x p e r im e n t a l  fo rm at  can be u s e fu l  in d e f i n i n g  

o b j e c t i v e  p h y s i o l o g i c  measures o f  abnormal b r a i n  processes in 

Chi ldhood A ut ism .  There  a r e  many e x c i t i n g  p o s s i b i l i t i e s  in h e r e n t  

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

b e h a v i o r  o f  a u t i s t i c  c h i l d r e n .  For example:  the  measures may d e f i n e

more r e l i a b l y  the  d i s o r d e r ;  they  may be used to  examine t h e  n a t u r e  

o f  u n d e r l y i n g  mechanisms; they  may p r o v i d e  the  b a s is  o f  o b j e c t i v e  

d i a g n o s t i c  t e s t s  and o f  a p p r o p r i a t e  r e h a b i l i t a t i v e  p ro ced u res .

I t  should be emphas ized,  however ,  t h a t  a l though  the  a n a l y s i s  

o f  ERP g iv es  c o n s i d e r a b l e  promise o f  i n s i g h t  i n t o  sensory and c e n t r a l  

p ro ce ss e s ,  u n d e r s ta n d in g  o f  the  mechanisms o f  abnormal b e h a v i o r  

remains a lo n g - t e r m  and d i f f i c u l t  g o a l .  On the  one hand,  the  search  

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

c h i l d r e n  and answers t o  q u e s t i o n s  con cern ing  u n d e r l y i n g  p h y s i o l o g i c  

d e t e r m in a n t s  o f  t h e i r  b e h a v i o r  c l e a r l y  depends upon the  c o n t in u ed  

stu dy  o f  l a r g e  numbers o f  normal c h i l d r e n ,  d e v e l o p m e n t a l l y  d i s a b l e d  

c h i l d r e n ,  and c h i l d r e n  w i t h  d e f i n a b l e  b r a i n  d e f e c t s .  On the  o t h e r ,  

as s t a t e d  a t  t h e  o u t s e t  o f  t h i s  p r e s e n t a t i o n  ( I n t r o d u c t i o n ,  s e c t i o n  A) 

-  t h e r e  a re  major  impediments t o  th e  goal  o f  d e t e c t i n g  d i f f e r e n c e s  

among d ia g r o s t ic  g roups.  Thus,  t o  r e i t e r a t e ,  u s e fu l  c l i n i c a l  in d ic es  

a r e  most l i k e l y  t o  be fo r th c o m in g  i f  i n v e s t i g a t o r s  c o n c e n t r a t e  t h e i r  

e f f o r t s  on t h e  e x p l o r a t i o n  o f  c o r r e l a t i v e  v a r i a t i o n s  o f  p h y s i o l o g i c
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and b e h a v i o r a l  measures (of s p e c i f i e d  processed in i n d i v i d u a l  

s u b j e c t s .  F i n a l l y ,  a l t h o u g h  the  suggested i n v e s t i g a t i o n s  a re  

c e r t a i n l y  a f o r m i d a b l e  t a s k ,  the  p ro sp ect  o f  an improved under­

s ta n d i n g  o f  a b e r r a n t  forms o f  human b e h a v i o r  in mental  i l l n e s s  

most a s s u r e d l y  makes the  t a s k  v e r y  w o r t h w h i l e .
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