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A b s t r a c t  

~ l h i s  s t u d y  was  c a r r i e d  o u r  t o  i n v e s t i g a t e  c h a n g e s  i n  t h e q  

A u d i t o r y  B r a i n s t e r n  Evoked  B e s p o n s e  ( B E R )  r e s u l t i n g  f r o m  t h e  

i n t e r a c t i o n  o f  b i n a u r a l  c l i c k  s t i m u l i  - ( s o u n d  l a t e r a l i z a t i o n )  

t h e  C l a s s i c a l  A u d i t o r y  S y s t e m  (CAS) . * T w e n t y  n o r m a l  h e a r i n g  

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

e v o k e d  r e s p o n s e s  u e r e  c o l l e c t e d  f r o m  v ~ r t e x / m g s t o i d ,  

v e r t e x / n o n - c e p h a l i c  a n d  m a s t o i d / m a s t o i d  d e r i v a t i o n s .  C l i c k  

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

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

p e a k s  u e r e  d e t e r m i n e d  a n d  a n a l ' y s e s  of v a r i a n c e  c a r r i e d  o u t .  

C o m p a r i s o n s  i n c l u d e d  b i n a u r a l  YS a l g e b r a i c  summed e q u i v a l e n t  

ardhau ral r e s p o n s e s ;  b i n a u r a l  r a r e f a c t i o n  v s  b i n a u r a l  

c o n d e n s a t i o n  e v o k e d  r e s p o n s e s ;  m a s t o i d  ( r e f e r e n c e '  v s  

non-cepha_ l i co  ' z e f e r e n c e *  d e r i v a t i o n s ;  a n d ,  m o n a u r a l  r i g h t  v s  - 
m o n a u r a l  l e f t  l a t e n c i e s  f o r  BER p o s i t i v e  p e a k  f i v e .  

C l e a r  e v i d e n c e  ' for b i n a u r a l  c o d i n g  a t  a n  e a r l y  

a n d  a l a t e r  BER g e n e r a t c r  s o u r c e  was s h o r n .  I n  a d d i t i o n ,  
T 

s u p p o r t  was p r o v i d e d  f o r  t h e  f o l l o w i n g :  

a )  a r e i t e r a t i o n  of t h e  BER a c t i v e  n a t u r e  of m a s t o i d  

f l r e f e r e n c e n  s i t e s ;  



c)  a  l a rge r  o v e r a l l  v e r t e x / n o n - c e p h a l i c  u a v e f  orm , a s  c o m p a r e d  

w i t h  a  v e r t e x / m a s t o i d  waveform,  s u g g e s t i n g  t h a t  a l l  BER 

waves  a r e  h o m o p h a s i c  a t  t h e  v e r t e x  a n d  m a s t o i d ;  

a) a c t i v e  CAS p r o c e s s i n g  r e p r e s e n t e d  in, some BER t r o u g h s ;  

e )  BER r e p r e s e n t a t i o n  of a d u a l  CAS i n f o r m a t i o n  p r o c e s s i n g  

s y s t e m  -- o n 2  i n v o l v i n g  p e r i p h e r a l  c o d i n g ,  a n d  a  s e c o n d  

i c v o l v i n g  c e n t r a l  d e c o d i n g  a n d  e n c o d i n g  f o r  l o c a l i z a t i o n ;  

f )  p h a s e - c o d i n g  a s  an e n d - o r q a n  p r o c e s s ;  

g )  a r i g h t / l e f t  d i f f e r e n c e  i n  t h e  c o d i n g  a n d  t r a n s m i s s i o n  of * 

i n f o r m a t i o n  c o n c e r n i n g  p h a s e ;  

h )  p o s s i b i l i t y  of b i l a t e r a l l y  e q u a l  B E R  i n t e n s i t y / l a t e n c y  

f u n c t i o n s ;  a n d ,  

i) p o s s i b i l i t y  t h a t  t h e  BER f f s l o w  wavet1 i s  a m o n a u r a l  

phenomena.  

The i m p l i c a t i o n s  o f  t h e  a b o v e  a re  d i s c u s s e d  i n  terms of 
- 

- 

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

a u d i t o r y  r e s e a r c h  a n d  h y p o t h e s i z e d  BER g e n e r a t o r  s o u k c e s .  
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CHAPTER ONE 

The brain st^^ e v o k e d  r e s p o n s e  ( B E R ) ,  r e c o r d e d  from a  

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

las' t e n  y e a r s .  B a s e d  on a n i m a l  a n d  human s t u d i e s ,  i t  h a s  b e e n  

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

t h e  s u c c e s s i v e  a c t i v a t i o n s  of t h e  c lass ica l  a u d i t o r y  s y s t e m  
. 

(CBS). Much time a n d  e f f o r t  h a s A  b e e n  e x p e n d e d  o n  t h e  - 
d e l i n e a t i o n  o f  t h e  spec i f ic  g e n e r a t o r  s o u r c e s  f o r  e a c h  BER wave 

peak ,  a n d  a g e n s r a l  c o n s e n s u s  h a s  emerged .  T h i s  s , t u d y  a t t e m p t s  
1 

t o  i n t e g r a t e  *st B E B  r e s e a r c h  w i t h  o t h e r ,  1 , i n e s  o f  a u d i t o r y  

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

i n t e r a c t i o n s  ( s o u n d  l a t e r a l i z a t i o n )  a r e  r e p r e s e n t e d  i n  t h e  BER;  , 

a n d ,  b) t o  c o r r e l a t e  B E R  c h a n g e s  ( i f  t h e y  o c c u r )  with e x p e c t e d  

c h a n g e s  based  o n  h y p o t h e s i z e d  g s n e r a t o r  s o u r c e s .  



THE C L A S S I C A L  A U D I T O R Y  SYSTEN ( C m  

- The C e n t r i p e t a l - s y s t e m  ( F i g u r e s  1 a n d  2 )  
i 

The a n a t o m i c a l -  o r g a n i z a t i o n  of  t h e  CAS h a s  been  d e t e r m i n e d  

m a i n l y  from a n i m a l  s t u d i e s .  While it h a s  b e e n  c o n j e c t u r e d  t h a t  

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

i n t e r  s p e c i e s  v a r i a t i o n  makes - t h i s  e x t r a p o l a t i o n  somewhat 

h a z a r d o u s .  N e v e r t h e l e s s ,  t h i s  h y p o t h e s i s ,  m o d i f i e d  by l i m i t e d  

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

t h e  human C A S .  .The m a j o r i t y  o f  t h e  f o l l o w i n g  h a s  been 

condenced  f rom G u l i c k  (1971)  a n d  Gacek ( 1 9 7 2 ) .  

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

sound  waves i n t o  t o n o t o p i c a l l y  o r g a n i z e d  n e u r a l  c o d e s  t h r o u g h  

its a c c e s s o r y  s t r u c t u r e s  a n d  o r d e r l y  a r r a n g e m e n t  of r e c e p t o r  

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

v i a  a  number of n u c l e a r  s t a t i o n s ,  w i t h i n  which f u r t h e r  

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

g r e a t e r  number of  p a r a l l e l  pa thways  and  d i v e r s e  i n t e r -  

c c n n e c t i o n s .  
L 

The afferent i n n e r v a t i o n  of % h e  Organ  of C o r t i  i s  

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

b o d i e s ,  number ing  i n  e x c e s s  o f  31,000 (Rasmnssen,  1940)  , 
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c o r n p r i s ~  t h e  s p i r a l  g a n g l i o n  o f  R o s e n t h a l l s  c a n a l .  The  l a t e r a l  

p r o c e s s e s  r e a c h  d i r e ' c t ~ ~  t o  t h e  e n d  o r g a n ,  w h i l e  t h e  m e d i a l  

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

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

t w i s t e d  t i g h t l y  t o g e t h e r  r e s u l t i n g  f rom t h e  developments-l 

c o i l i n g  o f  t h e  c o c h l e a .  I n  t e z m s  o f  t h e  BER,  t h i s  t w i s t i n g  

r a i ses  some q u e s t i o n  a s  t o  t h e  s o u r c e  o f  wave o n e  (see F i g u r e  

3 ) .  S i n c e  t h e  d i p o l e s  o f  e a c h  individual a c t i o n  p o t e n t i a l  

, w i l l  b e  o r i e n t e d  a t  a l l  m e r i d i a n s ,  o f  a  360 d e g r e e  c ircle,  a n d  

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

wave o n e  o r i g i n a t e s  f r o m  * e i g h t h  n e r v e .  F i b e r s  f r o m  the  

a p i c a l - t u r n  of t h e  c o c h l e a  o c c u p y  a  c e n t r a l  r o u t e  t h r o u g h  t h i s  

n e r v e ,  w h i l e  b a s a l - t u r n  f i b e r s  f ~ l l o w  a  r o u t e  n e a r  t h e  

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

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

( l o c u s  o f  max imal  a c t i v a t i o n  by m i d d l e  f r e q u e n c i e s )  i s  g r e a t s r  

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

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

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

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

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

v a r y  b e t w e e n  3u a n d  I O U .  T h e , t e r a i i n u s  o f  a l l  t h e s @ f i r s t - o r d e r  

a u d i t o r y  f i b e r s  is  t h e  c o c h l e a r  n u c l e u s  (CN) , a n u c l e a r  s t a t i o n  

c o m p r i s e d  o f  two ma f o r  d i v i s i o n s :  a) t h e  d o r s a l  c o c h l e a r  n u c l e u s  

( D C N )  ; a n d ,  b) t h e  v e n t r a l  c o c h l e a r  n u c l e u s  ( V C N )  which  is 
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, 

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

a n d  t h e  a n t e r o v e n t r a l  c o c h l e a r  n u c l e u s  ( A V C N )  . Upon e n t e r i n g  

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

i n t o  t h e  D C N  a n d  PVCN d i v F s i o n s  ( R o s e  et a l . ,  1 9 6 0 ) .  

D e q e n e r a t  ion s t u d i e s  ( S a n d o ,  1965) a n d  o t h e r  e x p e r i m e n t s  

c o n c e r n i n g  t h e  l o c a t i o n  o f '  b e s t  f i b e r  f r e q u e n c y  w i t h i n  t h s  CN 

(Rose  e t  a l . ,  1965)  s u g g e s t  t h a t  t h e  t o p o g r a p h i c a l  o r d e r i n g  o f  

t h e  c o c h l e a  i s  r e p r o d u c e d  i n  t h e  CN. F i b e r s  ~ r i g i n a t i n g  i n  t h e  

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

d o r s a l  p o r t i o n  o f  b o t h  t h e  DCN a n d  PVCN, w h i l e  t h o s e  f r o m  t h e  

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

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

much more g e n e r a l  t e r m i n a t i o n  w i t h i n  t h e  CN ( L o r e n t e  d e  

1933 ;  Rasmussen ,  1 9 6 0 ;  and,  Sando ,  1 9 6 5 ) .  ~ l t h 0 ~ 9 h  t h e  
, + . 

show a  

No , 

a f f e r e n t  i n p u t  i s  t o  b o t h  t h e  DCN a n d  VCN, by f a r  t h e  m a j o r i t y  
Ch 

p r o j e c t  t o  t h e  VCN.  A 1 1  e v i d e n c e  s o  f a r  i n d i c a t e s  t h a t  no  

f i r s t - o r d e r  a x o n s  b y p a s s  

t h e  CN. T h e  g r e a t e s t  number  o f  a x o n s  s y n a p s e  w i t h  

s e c o n d - o r d e r  n e u r o n s .  However,  a  c e r t a i n  p e r c e n t a . g e  a r e  

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

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

S e c o n d - o r d e r  a c o u s t i c  f i b e r s  p r o j e c t  f rom t h e  CB t o  t h e  

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

p a t h w a y s .  T h e s e  f i b e r s  a s c e n d  by  way o f  t h r e e  main  t r a c t s  
4 

w i t h i n  t h e  m e d u l l a ;  t h e  t r a c t s  o f  Monakow a n d  H e l d  i n  t h e  



b 
, . 

d o r s a l  p o s i t i o n ,  a n d  t h e  T r a p e z o i d  body i n  t h e  v e n t r a l  

The t r a c t  of flonakow ( d o r s a l  a c o u s t i c  s t r i a )  is t h e  l a rge r  

of t h e  t w o  d o r s a l  t racts  (see F i g u r e  2 ) .  O r i g i n a t i n g  i n  t h e  

d o r s a l  p o r t i o n  o f  t h e  D C N ,  t h e s e  f i b e r s  p a s s  t h r o u g h  t h e  

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

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

c o m p l e x  ( S O C )  a n d  t e r m i n a t e  i r ?  e i t h e r  t h e  d o r s a l  n u c l e u s  of tbe 

l a t e r a l  l e m m i s c u s  ( L L )  o r  i n  t h e  i n f e r i o r  c o l l i c u l u s  ( I C ) .  No 

a x o n s  o f  t h i s  t r a c t  t e r m i n a t e  h i g h e r  t h a n  t h e  I C  l e v e l .  The  

t r a c t  o  f ' ~ e l d  ( i n t e r m e d i a t e  a c o u s t i c  s t r i a )  o r i g i n a t e s  i n  t h e  

VDCN a n d  t e r m i n a t e s  o n  c e l l s  i n  b o t h  t h e  i p s i l a t e r a l  SOC a n d  

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

t egmentum)  . The T r a p e z o i d  b o d y  ( v e n t r a l  a c o u s t i c  s t r i a )  

o r i g i n a t e s  i n  t h e  VCH, p a s s e s  t h r o u g h  t h e  a n t e r i o r  t egmentum 

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

t r a p e z o i d  n u c l e i ,  Some o f  t h e  a x o n s  s y n a p s e  a t  t h i s  l e v e l  w i t h  

t h i r d - o & o r  a c o u s t i c  n e u r o n s  b e f ~ r e  a s c e n d i n g  i n t o  t h e  LL, 

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

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

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

s t r i a e  i n  t h e  SOC r e s u l t  i n  a  p a t t e r n  t h a t  i s  p r o b a b l y  

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

below.  T h e r e  a r e  d i f f u s e  t e r m i n a t i o n s  w i t h  t h e  m a i n  s u p e r i o r  

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



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

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

i m p o r t a n t  p a t t e r n  h a s  been  d e s c r i b e d  by Rasmussen  ( 1 9 6 7 ) ;  t h e  

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

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

c o n t r a l a t e r a l  V C N .  T h i s  r e s u l t s  i n  a d i r e c t  c o n n e c t i o n  b e t w e e n  

t h e  two V C N  v i a  a c h a i n  e n c o m p a s s i n g  o n l y  two s y n a p s e s .  

The  SOC a p p e a r s  t o  p l a y  t h r e e  i m p o r t a n t  ro les :  a )  a s  t h e  

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

d i s c u s s e d  b e l o w )  ; b )  a s  a r e l a y  c e n t e r  f o r  t h e  CAS; a n d ,  c) a s  

a c e n t e r  f o r  t h e  m e d i a t i o n  o f  c e r t a i n  e y e  a n d  h a n d  movements i n  
3 " 

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

m i d d l e - e a r  m u s c l e s .  I n  a d d i t i o n ,  t h e r e  a p p e a r  t o  b e  r e f l e x  
li 

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

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

s o u r c e  of  t h e  BEB, is  t h a t  t h e  S O C  h a s  b e e n  d e s c r i b e d  a s  a 

c l o ' s e d  f i e l d  p o o l  by L o r e n t e  d e  No ( 1 9 4 7 ) .  T h a t  i s ,  most of 

t h e  d e n d r i t e s  are  l o c a t e d  i n  t h e  c e n t e r  o f  t h e  n u c l e a r  mass ,  

- w h i l e  t h e  s o m a t a  l i e  i n  t h e  p e r i p h e r y .  S i n c e  t h e  c u r r e n t s  w i l l  

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

t h e o r e t i c a l l y ,  no  n e u r a l  a c t i v i t y  c a n  b e  d e t e c t e d  o u t s i d e  t h e  

v o l u m e  of t h e  n u c l e u s .  

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

t h i r d -  a n d  f o r t h - o r d e r  f i b e r s  make s y n a p t i c  c o n t a c t  a t  t h i s  
I 

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



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

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

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

Almost a l l  a x o n a l  p r o c e s s o s  s y n a p s e  a t  t h e  l e v e l  o f  t h e  

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

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

(UGB), a f t e r  p a s s i n g  t h r o u g h  t h e  b r a c h i u m  o f  t h e  I C .  No 

n e u r o n s ,  h c w e v e r ,  f r o m  t h e  CN o r  SOC r e a c h  t h e  n u c l e u s  o f  t h e  
e.. 

HGB d i r e c t l y .  D e c u s s a t i o n s  o f  t h e  CAS a b o v e  t h e  l e v e l  of t h e  

SOC o c c u r  a t  t h e  l e v e l  o f  t h e  d o r s a l  n u c l e u s  of t h e  LL ( s m a l l  

c o m m i s s u r e )  a n d  t h e  I C  ( s t r o n g  c o m m i s s u r e ) .  T h e  I C  i s  composed  

o f  t h r e e  d i v i s i o n s :  a )  a main  s p h e r i c a l  n u c l e u s ;  b) a g r a y  . 

n u c l e a r  mass m e d i a l  t o  the main  n u c l e u s ;  a n d ,  c) a  s m a l l e r  

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

w i f h  e a c h  o t h e r  a s  well as  t h e  d i v i s i o n s  o f  t h e  c o n t r a l a t e r a l  

s i d e .  I n  a d d i z i o n ,  t h e r e  are  some c o n n e c t i o n s  w i t h  t h e  v i s u a l  

c e n t e r s  o f  t h e  s u p e r i o r  c o l l 9 c u l i .  

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

t h e  HGB. T h e r e f o r e ,  t h e s e  f i n a l  n e u r o n s  which s e n d  a x o n s  v i a  

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

c o r t e x  ( t r a n s v e r s e  g y r l  o f  H e s c h l )  b y  way o f  t h e  s u b l e n t i c u l a r  

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

l e a s t  o f  t h e  f ~ u r t h  o r d e r .  

The HGB a r e  c o n p o s e d  o f  a  s u p e r i o r  a n d  a n  i n k e r i o r  l o b e .  

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



p r o  j e c t i o n s ,  b o t h  l o b e s  r e c s i v e  d e s c e n d i n g  p r o j e c t i o n s .  T h e  

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

p r i n c i p a l i s  (PP) a n d  t h e  p a r s  m a g n o c e l l u l a r i s .  T h e  m a j o r i t y  

o f ,  i f  n o t  a l l ,  a s c e n d i n g  p r o j e c t i o n s  a r e  b y  way o f  t h e  PP, a n d  

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

(AI) of t h e  c o r t e x .  P r o  j e c t i o l l s  from t h e  a n t e r i o r  p o r t i o n  e n d  

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

c a u d a l l y  o n  A I .  

L 

The, C a n t r i f u q a l ~ y s t e m  

, Rasmusson (1 346,  1353) d e s c r i b e d  two s e p a r a t e  e f f e r e n t  

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

- , <. e i t h e r  t h e  SOC o r  DCN. 
. - 

- 4  
i 

; - - .  The f i r s t  s y s t e m  o r i g i n a t e s  i n  a u d i t o r y  areas  A1 o r  A 1 1  

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

l o b e )  a n d  d s s c e n d s  t o  t h e  I C  t h r o u g h  t h e  H G B .  S e c o n d - o r d e r  

f i b e r s  s y n a p s e  a t  this l e v e l  a n d  d e s c e n d  t o  ths SOC w h e r e  t h 5 y  

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

n u c l e u s .  

The s e c o n d  s y s t e m  o r i g i n a t e s  i n  b a t h  a u d i t o r y  a r e a s  A1 a n d  

A11 as  well  as  a s s o c i a t e d  a r e a s .  S i m i l a r  t o  t h e  f i r s t  s y s r e m ,  

most o f  these f i b e r s  make s y n a p t i c  c o n t a c t  a t  the I C ,  a l t h o u g h  

c o l l a t e r a l s  p r o j e c t  i n t o  t h e  r e t i c u l a r  f o r m a t i o n  a n d  t h e  H G B .  

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



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

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

do t e r m i n a t e  a t  t h e  l e v e l  o f  t h e  c o n t r a l a t e r a l  n u c l e u s .  \ 
Numerous o t h e r  t h i r d - o r d e r  e f f e r e n t s  s y n a p s s  a t  v a r i o u s  l e v e l s  

i n  t h i s  t r a c t  a n d  t e r m i n a t e  i n  t h e  DCN. 

The e f f e r e n t  c o c h l e a - r  ' b u n d l e ,  w h i c h  d e s c e n d s  from t h e  SOC 

t o  t h e  h a i r  c.ell r e c e p t o r s ,  i s  composed of t w o  s e p a r a t e  

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

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

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

o l i v a r y  c l e u s  a n d  pa s se s  ne&- t h e  a b d u c e n t  n u c l e u s  b e f o r e  "t 
j o i n i n g  th& c o c h l e a r  n e r v e  t o  t e r n i n a t e  on  t h e  o u t e r  h a i r  

=4 
cel ls .  The p e d u n c l e  o f  t h e  o l i v e ,  a l s o  o r i g i n a t i n g  f r o m  t h e  

a c c e s s o r y  clive a r e a ,  i s  o n l y  1/4 t h e  s i z e  o f  t h e  o l i v o c o c h l e a r  

b u n d l e  and i s  composa$ cf t o t a l l y  u n c r o s s e d  a x o n s  ( R ~ s B U S S ~ ~ ,  

1960)  w h i c h  t e r m i n a t e  n e a r  t h e  i n n e r  h a i r  c e l l s ,  A l t h o u g h  t h e  

number o f  f i b e r s  e n t e r i n g  t h e  c o c h l e a  i s  r a t h e r  s m a l l  
1 

( a p p r o x i m a t e l y  500)  , f h e y  r a a i f y  e x t e n s i v e l y  w i t h i  n r  t h e  

c o c h l e a r  d u c t ,  r e s u l t i n g  i n  e x c e s s  o f  4 0 , 0 0 0  e n d i n g s  o n  t h e  -- 
o u r e r  h a i r  ce l l s .  T h e  d i s t r i b u t i o n  o f  t h e  e n d i n g s  o n  t h e  o u t e r  

h z i r  ceUs i s  n o t  u n i f o r m ,  r a n g i n g  f r o m  6-8 e n d i n g s  p e r  c e l l  

n e a r  t h e  base and d e c r e a s i n g  p r o g r e s s i v e l y  toward t h e  apex, 

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

h=ir ce l l s ,  t h e y  a o  s o  o n l y  r a i e l y  on  t h e  i n n e r  h a i r  c e l l s .  

The c o n s e n s u s  i s  ; h a t ,  r a t h e r  z h a n  a f f e c t i n g  t h a  h a i r  c e l l s  



d i r e c t l y ,  these e n d i n g s  h s v e  r e g u i a t o r y  control over  t h e  
1 ". 

activity o f  - h e  affezert fibers. I t  is e v i d e n i  tQt the 

e x t e n s i v e  r a a i f i c a - i o ~  cf thess r e l a t i v e l y  f e u  f i b e r s  results 

i n  zn ~ n n e z v a t i o n  pattern t h a t  i s  diffuse a1;6 u n d i f f e r e n t i a t e d .  

The centrifugal f i b e r s  are 1 L   sly a m e a n s  of f e e d b a c k  c c n t r o l  

of t h e  auditory i ~ p u c ,  b o t h  p r o c t s s i n g  a n d  s h a r p s n i c ' g  signals, 

a n d  i n h i b i t i n g  no i se .  

T h a t  t h e  3 3 d i t 0 i y  s y s t ~ a  is i n v o l v e d  In a number o f  

c o n p l e x  i ~ t e g r a t i v s  f n ~ c t i o ~ s  i s  i n d i c a t e d  b y  :he converging 

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

a s  vell a s  a s c e z d i n g  p a t h w a y s ,  t h e  r u n e r o u s  crossed  

c o ~ n e c c A o n s ,  a c d  t h e  L n c r a a s i n g  number o f  a r o n s  a s  t h e  p a t h v a y  
-, 

asce rds  from o 3 e  r . u c l s u s  l e v e l  t o  t h e  3 c x t .  A s  a g r a p h i c  

e x a a p l e  of t h e  i n c z e a s i n g  c o a p l e n i t y  o f  t h e  C h S ,  Chow ( 1351 )  

carried o u t  a c e l l  c o u n t  a f  one h a l f  of the s o n k e y ' s  CAS: 

. CN - - a 8 , 0 0 0  

SOC - - 34, a 0 0  

LL - - 3 8 , 0 0 0  

IC - - 3 9 2 , 0 0 0  

Y G B  ( P P )  = 3 6 4 , 0 0 0  

Cort.ex = 19,000, O O O  



@&J3 STEM E V O K E D  2ESPOliSE (BER) 

I& z e c o r 5 i ~ q  of T h e  a 3 d i t o r y  brain stem r e s p o n s e  v i a  

s c z L p  e i ~ c t r o d a s  is a z e i a t i v e l y  r2w procedure. A l t h o u g h  b o t h  

:he t e c h n i c a l  knowledge  a;d t h e  i n s t rumen ta t ion  vere a v a i l a b l e  

ic tie e a z l y  5 J 1 s ,  recor3s Vera nor obtaineC u n t i l  the l a t e  

€ 3 ' ~ ~  p r a b a b l y  as a zesulz of r i s concep t iocs  a b o u t  the 

p i a s s l b i l i t  y of c e u r a l  vof  nxe c o n 3 u c t i o n  (Cooper e t  a l . ,  1965)  . 
2 k 7 f i o l c g i c a f  s e n s o r y  reseazch a t  t h i s  t i n e  p i i e a r i l p  involved 

s L z g i e  u c i t  recor2Lzq vls d e p r n  e l e c t r o d e s  i n  animal pre- 
r 

c+rat ic tns  a n d I - 3 ~  aver., ge5 c o r z x z l  evoked p o t e n t i a l s .  C l r n i c a l  

r e c o z i i ~ g s  of ? b e  cock :ear a l c r o p n o n i c  a n d  eighth n e r v e  a c t i o n  

~ o t f n r i a l s  ha& Seccaa gnite s u p h i s t i c a t e d  (e lec t ro-  

sochleogzaphy), a23 i: u2ts z h r m g i z  e f f o r t s  to improve e x i s t i n g  

:zchniqws tho; t h e  s c a l p  zscoided BER was d e v e l o p e d .  

s z s e r v e d  in h 3 a a ~ s  2 5  e a r l y  2 s  1 3 3 5  (Promn et al.), During t h e  

zexi 1 5  y e a r s  a r p i i f i z a t i ~ c  a n d  recording t e c h n i q u e s  were 

~ r f = t i y  iiprcve? ( ? e z i a a n  sad case,  1 3 4 1 ;  L e r p e r t  et a l . ,  1 9 4 7 ;  



a n d ,  L e m p e r t  e t  a l . ,  1 9 5 0 ) .  I n  1 9 5 0  ( L e m p e r t  e t  a l . ) ,  

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

e l ec t  r o d e  t h r o u g h  t h e  t y m p a n i c  membrane d u r i n g  s u r g e r y ,  was 

s u g g e s t e d  a s  a  p o s s i b l e  c l i n i c a l  t e c h n i q u e .  '13 1961  a  

d i z g n o s t i c  method w a s  p r o p o s e d  by which  c l i c k  e v o k e d  b r a i n  stem 

a c t i o n  p o t e n t i a l s  c o u l d  b e  r e c o r d e a  from t h e  r o u n d  window, 

a g a i n  d u r i n g  e a r  s u r g e r y  (Ruben e t  a l . )  . By 1 9 6 7  

e lec t  r o c o c h l e o g r a p h  y  ( p r o m o n t o r y  r e c o r d i n g )  h a d  become- a  

i o u t i ~ e  d i a g n o s t i c  t e c h n i q u e  ( P o r t m a n n  e t  a l . ,  1 9 6 7 ) ,  h o w e v e r ,  

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

s y s - e m ,  o r  t o  d e a l  w i t h  t h e  d i s t r u c r i v e  e f f e c t s  of t h e  

e l ~ c t r c d e .  I n  t h a t  s a m e  y e a r ,  t w o  i m p o r t a n t  s t u d i e s  i n  t h e  
P 

i n L z ~ a l  d e v e l o p m e n t  of BER r e c o r d i n g  were a l s o  r e p o r t e d .  I n  % 

both c a s e s  t h e  a t t 3 ~ p t  was t o  f i n d  a way t o  m e a s u r e  c d c h l e a r  

a c i l o r  p o t e n t i a l s  ( e i g h t h  n e r v e  a n d  c o c h l e a r  n u c l e u s  BPS) 
B 1 

u i z t o u t  r e s o r t i n g  t o  s u r g i c a l  p r o c e d u r e s .  U s i n g  a v e r a g i n g  

~ e c h n i q u e s ,  Yoshis e t  a l .  (1367)  r e c o r d e d  t h e s e  p o t e n t i a l  

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

e r + . s r n a l  a u d i t o r y  a e a t u s  r e f e r r e d  t o  &lie e a r l o b e ,  w h i l e  Sohmer 
c 

and Ffinrrmesser  (1 3 6 7 )  r e c o r d e d  them ' f r o m  t h e  e a r l o b e  r e f e r r e d  

:o r h e  n o s e .  S o h a e r  a n d  F e i n m e s s e r  were a b l e  t o  i d e n t i f y  f o u r  

s u c c e s s i v e  n e g a t i v e  p e a k s ,  a p p r o x i m a t e l y  o n e  msec a p a r t ,  

a l - h o u g h  t h e  l a s t  ~ v o  showed a g r e a t  d e a l  o f  v a r i a t i o n - , i n  . 

l a t s ~ c y ,  T h e s e  w o r k e r s  c o n c l u d e d  t h a t  t h e  f i rs t  two p e a k s  were 

t i e  N 1  aaa ?I2 c o n p o n e g t s  o f  t h e  c o c h l e a r  a c t i o n  p o t e n t i a l ,  



. w h i l e  t h e  f o l l o w i n g  t w o  were  e i t h e r  t h e  r e p e t i t i v e  f i r i n g  o f  

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

b r a i n  stem. I n  a  f o l l o w i n g  s t u d y ,  Sohmer  a n d  F e i r m e s s e r  ( 1 9 7 0 )  

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

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

first s i x  BER w a v s s .  ~ m p l i c i t  i n  t h e s e  r e p o r t s  was t h e  

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

r e l a t i v e l y  e x t e n s i v e  d i s t a n c e s .  

- I n  1970 t h e  first c o m p r e h e n s i v e  s t u d y  of t h e s e  e a r l y  

a u d i t o r y  EP c o m p o n e n t s  was r e p o r t e d .  Jewett ( 1 9 7 0 ) ,  u s i n g  

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

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

Sohmer  a n d  F o i n m e s s e r .  T h i s  s t u d y  is impo; tan t  n o t  o n l y  f o r  

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

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

Jewett u s e d  t w o  ' a c t i v e g  e l e c t r o d e s  b o t h  r e f e r r e d  t o  t h e  

c a t ' s  t o n g u e .  Ths  f irst  was p l a c e d  i n  t h e  c a u d a t e  n u c l e u s  ( a  

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

waveform o v e r  time; t h e  s e c o n d  was s t e r e o t a x i c a l l p  a d v a n c e d  

t h r o u g h  t h e  b r a i n  stem a u d i t o r y  n u c l e i ,  w i th  r e c o r d i n g s  t a k e n  

a t  a number  of s i t e s .  The i n t a n t  was t o  correlate a n a t o m i c a l  

l o c a t i o n  w i t h  p a r t i c u l a r  a s p e c t s  of t h e  waveform s o  t h a t  t h e  
$ 

c o n t r i b u t i o n  of a n y  o n e  , a u d i t o r y  n u c l e u s  o r  t r a c t  c o u l d .  be 

d e t e r m i n e d .  Jewett c o n c l u d e d  t h a t  t h e  f i rs t  wave was g e n e r a t e d  

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



was g e n e r a t e d  n e a r  t h e  c o c h l e a r  n u c l e i ,  t h e  t h i r d  i n  t h e '  

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

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

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

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

bas ic  p r o b l e m  w i t h  Jewett's s t u d y  a r i s e s  f r o m  h i s  

i n t e r p r e t a t i o n  of d e p t h  r e c o r d i n g s  b a s e d  on t h e  work o f  

R o o d b u r y  (1 365) . Uoodbury showed t h a t  a n  a c t i o n  p o t e n t i a l  

moving  e i t h e r  t o w a r d  o r  away f rom a n  e l e c t r o d e  i n  a 

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

a p o s i t i v i t y ,  w h e r e a s ,  a s  i t  p a s s e s  t h e  e l a c t r o d e  it w i l l  b e  

r e c o r d e d  a s  a n e g a t i v i t y .  Jewett c o n s i d e r e d  t h a t  b o t h  a n  

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

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

wou.ld i n d i c a t e  t h a t   component?^ g e n e r a t o r  s o u r c e .  However,  

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

s y s t e m ' s  p r o  j e c t < o n s ,  a n d  t h e  a n i s o t r o p i c  a n d  i n h o m o g e n o u s  

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

q u e s t i o n a b l e  w h e t h e r  H o o d b u r y ' s  t h e o r y  i s  a p p l i c a b l e .  

BER r e s e a r c h  h a s  b e e n  c a r r i e d  o u t  ' i n  a g r e a t  many l abs ,  

e a c h ,  more o r  less,  s u p p o r t i n g  Jewett 's  h i s t o r i c  f i n d i n g s .  I n  

a d d i t i o n ,  c o m p a r i s o n s .  b e t w e e n  huma AS, monkeysi  c a t s  a n d  r a t s ,  

b a s e d  o n  t h e  r e l a t i v e  s i z e  a n d  w e i g h t  of t h e  b r a i n s t e r n ,  h a v e  

shown r e s p o n s e  s i m i l a r i t y  a c r o s s  s p e c i e s  ( A l l e n  a n d  S t a r r ,  

1378)  . I n  g e n e r a l ,  t h s  f irst 10 msec o f  t h e  s t i m u l u s - l o c k e d  



a u d i t o r y  r e s p o n s e  s h o w s  a  s e q u e n c e  of s e v e n  o r  more p o s i t i v e  

waves when summed a t  t h e  v e r t e x .  The ea r l ies t  wave a p p e a r s  i n  

t h e  1 . 5  msec l a t e n c y  r a n g e  a n d  t h e  s e v e n t h  i n  t h e  7-8 msec 

r a n g e ,  w i t h  a p p r o x i m a t e l y  o n e  msec b e t w e e n  wave p e a k s .  Have 

s e v e n  i s  t h e  same a s  wave N O  o f  t h e  m i d d l e  a u d i t o r y  c o m p o n e n t s  

( H e n d e l  a n d  G o l d s t e i n ,  1363 ;  P i c t o n  a n d  H i l l y a r d ,  1 9 7 4 ;  a n d ,  
P 

P i c t o n  e t  a l . ,  1974), .  F i g u r e  4 ( H a l l m a n ,  1 9 7 7 )  s h o w s  a BER 

waveform w i t h  h y p o t h e s i z e d  n e u r a l  g e n e r a t o r s .  I t  s h o u l d  b e  

n o t e d  t h a t  t h e s e  7 waves  a r e  t h e  m o s t  c o n s i s t e n t l y  s e e n ,  b o t h  

w i t h i n  a n d  b e t w e e n  s u b j e c t s .  O t h e r  wav.es o c c u r  a t  times, 

h o w e v e r ,  s u c h  a s  a wave b=twee*n wave f i v e  a n d  s i x  r e p o r t e d  by 
+:> 

Don e t  a l .  ( 1 9 7 7 ) .  S i n c e  t h e  f i r s t  BER wave ( l a t e n c y  

a p p r o x i m a t e l y  1.5 msec) i s  c o n s i d e r e d  t o  b e  t h e  f i r s t  

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

s i q n a l s  a s  s e e n  by a  s c a l p  e l e c t r o d e ,  it h a s  b e e n  c o n s i d e r e d  a s  

a  m e a s u r e  o f  p e r i p h e r a l  c o n d u c t i o n  l a t e n c y  ( P T ) ,  w h e r e a s ,  wave 

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

c o n d u c t i o n  l a t e n c y  (CT)  (Huacg a n d  Bnchwald ,  1 9 7 8 ;  S a l a m y  a n d  

HcKean, 1 3 7 6 ;  S a l a m y  e t  a l .  1375; a n d ,  S h a h  e t  a l .  , 1378)  . 
J e w e t t  r e c o g n i z e d  t h a t  a l t h o u g h  t h e  f i r s t  wave may 

represent e x c l u s i v e l y  f i r s t  o r d e r  n e u r o n s ,  t h i s  is likely n o t  

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

number  o f  r e p o r t s  t h a t  show t h e  a c t i v i t y  i n  some o f  these 

n u c l e i  e x t e n d s  i n t o  t h e  p e r i o d  of t h e  f o l l o u i n g  w a v e s  (Ross e t  

a l . ,  1 3 5 9 ;  H o u s h e g i a n ,  1962 ;  ~ a t s u k i  e t  a l . ,  1958;  Galambos  e t  
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a l , ,  1959;  a n d ,  T h u r l o w  e t  a l . ,  1 9 5 1 ) .  F o r  e x a m p l e ,  t h e  

c o c h l e a r  n u c l e u s  ( B E R  wave a t  a p p r o x i m a t e l y  2 . 5  BSec) s h o w s  

a c t i v i t y  t h a t  l a s t s  up t o  4 . 5  msec, a n d  t h e  s u p e r i o r  o l i v e  (BER * 

wave a t  a p p r o x i m a t e l y  3 . 5  msec) h a s  s i n g l e  u n i t  r e s p o n s e s  t h a t  

v a r y  b e t w e e n  2 . 5  a n d  1 0  msec. 

BER PROPERTIES - 

The a v e r a g e  l a t e n c i e s  of BER wave p e a k s  h a v e  n o r m a l  

d i s t r i b u t i o n s  ( T h o r n t o n ,  1975)  w i t h  l i t t l e  w i t h i n  o r  b e t w e e n  

s u b j e c t  v a r i a b i l i t y  (Amadeo a n d  S h a g a s s ,  1973;  G o l d e n b e r g  a n d  

D e r b y s h i r e ,  1 9 7 5 ;  Hecox and  Ga lambos ,  1 9 7 4 ;  B o s e n h a m e r  e t  a l . ,  

1978;  Sa lamy a n d  HcKean, 1976;  a n d ,  U e b e r  a n d  F u j l k a w a ,  1977) ; 

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

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

r e c o r d i n g .  n y o g e n i c  c o n t a m i n a t i o n  d o e s  n o t  a p p e a r  t o  b e  a  

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

l a t e n c y ,  w i t h  i n t e n s e  s t i m u l a t i o n  0 7 5  dB) ( J e w e t t  e t  a l . ,  

1 3 7 0 ;  P i c t o n  e t  a l . ,  1974 ;  a n d , '  Simmons e t  a l e ,  1 9 6 6 ) .  I n  

a d d i t i o n ,  P i c t o n  s t  a l .  (1974)  i n d i c a t e  tho, f o l l o w i n g  f o r  

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

a )  p o s t - a u r i c u l a r  m u s c l e :  v a r i a b l e  f r o m  s u b j e c t  t o  s u b j e c t  

a n d  e v e n  w i t h i n  s u b j e c t s .  L a r g e  n e g a t i v e  p e a k  a t  11 .8  

+/- 0 . 8  msec a n d  p o s i t i v e  a t  16.4  +/- 0.7 msec; 

b )  t e m p o r a l i s  m u s c l e :  v e r y  e a s i l y  r e c o r d a b l e  from s u b j e c t s  
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w i t h  c l e n c h e d  t e e t h .  L a r g e  n e g a t i v e  p e a k  a t  17.2  +/- 1 . 9  

msec a n d  p o s i t i v e  p e a k  a t  2 2 . 8  +/- 2 .8  msec; 

n e c k  m u s c l e s :  r e c o r d e d  from i n i o n .  B e g i n s  a s  e a r l y  a s  , 

7 .4  msec. H a s  m u l t i p l e  componen t s :  n e g a t i v e  waves  a t  

1 1 . 3  +/- 0.2 msec a n d  p o s i t i v e  waves  a t  16 .8  +/- 2.4 msec 

a n d  33.8 +/- 0.5 msec; a n d ,  

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

u s u a l l y  a  d i s t i n c t  p o s i t i v e  c o m p o n e n t  a t  a p p r o x i m a t e 1  y  30  

msec. s t r e l e t z  e t  a l .  (1977)  h a v e  sho-wn t h i s  ref lex t o  

h a v e  a  p o s i t i v e  wave a t  14- 18 msec a n d  22-36 msec. 

T h e  wave p e a k s  a r e  n o t  a f f e c t e d  by h a b i t u a t i o n  (Salamy a n d  

McKean, 1976;  ~ c h u l m a n - G a l a m b o s  a n d  Ga lambos ,  1975; a n d ,  

U e b s t e r ,  1 9 7 1 )  ; by l a c k  o f  a t t e n t i o n  ( P i c t o n  a n d  H i l l y a r d ,  

1374 ;  a n d ,  p i c t o n  e t  a l . ,  1 9 7 1 )  ; by s e s s i o n a l  e x p e r i e n c e s  

( T h o r n t o n ,  1 9 7 5 ) ;  O r ,  by f a t i g u e  of t h e  n e u r a l  s y s t e m  

( schu lman-Galambos  a n d  Ga lambos ,  1 3 7 5 )  . B o b e v e r ,  Huang and  

Buchwald  ( 1978) s u g g e s t e d  t h a t  o b s e r v e d  d e c r e m e n t s  i n  t h e  

a m p l i t u d e  o f  wave o n e  which r e s u l t  f r o m  i n c r e a s e s  i n  s t i m u l u s  

d u r a t i o n  o r  d e c r e a 9 e s  i n  i n t e r - s t i m u l u s - i n t e r v a l  (ISI)  may b e  

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

( 1 3 7 0 )  r e p o r t e d  t h a t  b o t h  i n c r e a s e s  i n  p e a k  l a t e n c y  a n d  

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

i n  a n i m a l s .  T h i s  i s  c o m p a t i b l e  w i t h  an ea r l i e r  s t u d y  i n  which  

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

a ~ p l i t u d e  d e c r e m e n t  i n  ca t s  ( H e r n a n d e z - P e o n  a n d  Sc h e r r e r ,  



1355)  . The BER waveform,  h o w e v e r ,  h a s  b e e n  shown to  b e  

c o m p l e t e l y  a d a p t e d  by t h e  3 r d  t o  4 t h  c l i c k  ( T h o r n t o n  a n d  

Coleman,  1 3 7 5 )  . 
A l t h o u g h  s t a t e s  o f  c o n s c i o u s n e s s ,  w h e t h e r  n a t u r a l ,  

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

e f f e c t  t h e  BER (Amadeo and  S h a g a s s ,  1 9 7 3 ;  G o l d e n b e r g  a n d  

D e r b y s h i r e ,  1975; Sehu lman-Galambos  a n d  Ga lambos ,  1975 ;  Sohmer 

a n d  S t u d e n t ,  1378;  Sohrner e t  a l . ,  1978;  a n d ,  Z o l l n e r  e t  a l . ,  

1 9 7 6 ) ,  r e c e n t l y  a number  o f  s t u d i e s  h a v e  s u g g e s t e d  t h a t  

s p e c i f i c  d r u g s  do  c h a n g e  t h e  waveform ( a l t h o u g h  a s  e a r l y  a s  
h \ 

1972 ,  Jewett a n d  Romano n o t e d  c h a n g e s  i n  BEB a m p l i t u d e ,  i n  r a t s  

a n d  c a t s ,  t h a t  were d e p e n d e n t  on d e p t h  of a n e s t h e s i a ) .  A l l e n  

a n d  Starr ( 1 9 7 8 )  showed  t h a t ,  i n  monkeys ,  b a r b i t u a t e  i n j e c t i o n s  

l e d  t o  a m p l i t u d e  r e d u c t i o n s  i n  a l l  waves.  Mendel  (1977)  

showed,  i n  g u i n e a - p i g s ,  t h a t ,  with l o w - i n t e n s i t y  c l i c k s ,  

ic j e c t i o n s  of a t r o p i n e  r e s u l t  i n  a  d o u b l i n g  of t h e  wave 

a m p l i t u d e  a n d  an i n c r e a s e  o f  u p  t o  0.3 msec i n  t h e  l a t e n c i e s .  

S q u i r e s  e t  a l .  (1978) ,  a n d  S t a r r  ( 1 9 7 8 )  h a v e  shown t h a t ,  i n  

humans, i n t o x i c a t i r g  d o s e s  of a l c o h o l  result ,  i n  l a t e n c y  

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

The i n t e r a u r a l  l a t e n c y  d i f f e r e n c e  ( I L D )  h a s  b o e n  &own t o  

be  less t h a n  0 .2  - 0.3 u s e c  ( S e l t e r s  a n d  Brackrnann,  1377) a n d  

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

M i t c h e l l ,  1977)  , a l t h o u g h  o n e  s z u d y  p r e s e n t e d  d a t a  s h o w i n g  

q u i t e  marked  wave s e v e n  d l • ’  f e r e n c e s  i n  n o r m a l  s u b j e c t s  (Rove, 



1 3 7 8 ) .  C l e m i s  a r d  H i t c h e l l  h a v e  a l s o  shown t h a t  b o n e  

c o n d u c t i o n  o f  t h e  c l i c k s  may r e s u l t  i n  a l o w  a m p l i t u d e  peak  

f i v e  t h a t  i s  d e l a y e d  2 - 4  msec; h o u e v e r ,  Rosenhamer  e t  a l .  

( 1 3 7 8 )  h a v e  shown,  w i t h  p a t i e n t s  d a a f  i n  o n e  ear ,  t h a t  t h i s  

phenomenon b e c o m s s  n o t i c e a b l e  o n l y  w i t h  c l i c k  i n t e n s i t i e s  i n  

e x c e s s  o f  7 5  dB HL. 

Ths BER c o m p o n e n t s  show a  c o m p l e x  o f  effects ccmmon t o  a l l  

c e u r a l  s y s t e m s  ( P i c t o n  e t  a l , ,  1 3 7 7 ) .  D e c r e a s e  i n  s t i m u l u s  

i n t e n s i t y  r e s u l t s  in d s c r ~ a s e s  i n  wave peak a m p l i t u d e  a n d  

i n c r e a s e s  i n  wave peak  l a t e n c y  ( A l l e n  a n d  S t a r r ,  1978;  Huang 

a n d  Buchwald ,  1 3 7 8 ;  Hyde e t  a l e ,  1 3 7 6 ;  Jewett e t  a l . ,  1370 ;  

K o d e r a  e t  a l . ,  1 9 7 7 ;  - P o r t m a n n  and  Bran ,  1971 ;  P r a t t  a n d  Sohmer,  

1 3 7 7 ;  Y o s h i e ,  1 9 6 8 ;  a n d ,  Z o l l n e r  et a l . ,  1976)  . A s  t h e  IS1 

d e c r e a s e s  t h e r e  i s  a d e c r e a s e  i n  peak  a m p l i t u d i  a n d  a n  i n c r e a s e  

i n  p e a k  l a t e n c y  ( A l l e n  a n d  S t a r r ,  1378;  Amadeo a n d  S h a g a s s ,  

1373 ;  B a l l m a n ,  1 3 7 7 ;  E e c o x  a n d  G a l a m b o s ,  1374 ;  J e w e t t  a n d  

Romano, 1 3 7 2 ;  P i c t o n  e i  a l . ,  1374 ;  P r a t t  a n d  Sohmer ,  1976; Rowe 

111, 1 3 7 8 ;  a n d ,  W e b s t e r ,  1 3 7 1 ) .  T h e s e  c h a n g e s  a r e ,  h o w e v e r ,  

n o t  p r o p o r t i o n a l  a c r o s s  a l l  waves ( P r a r t  a n d  Sohmer,  1 3 7 6 ) .  

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

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

r e a c h  a  s a t u r a t i o n  p o i n t  3 t  i l i t e r m e d i a t e  i n t e n s i t i e s ,  a n d  may 

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

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

t h e  o t h e r  h a n d ,  affect a l l  waves  e q u a l l y .  D e c r e a s i n g  I S I s  



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

t o  t h e  l a t e r  waves ,  w h e r e a s ,  wave o n e  s h o w s  no I S I / l a t e n c y  

e f f e c t  a s  d o  l a t e r  waves ,  In a l l  cases, d e c r e a s e s  i n  I S 1  

r e s u l t  ic a  g r e a t a r  l a t e n c y  s h i f t  i= a  p a r t i ~ u l a r  wave a s  

c o m p a r e d  t o  t h e  wave p r e c e e d i n q  it. The  1 8 a c c u m u l a t i o n t 1  eff a c t  

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

t r a c t s  o f  t h e  a s c e n d i n g  CAS, ' G i v e n  t h e  i n c r e a s i n g  n u m b e r s  o f  

n e u r o n s  a t  p r o g r e s s i v l y  h i g h e r  l e v e l s  o f  t h e  CAS (Chow, 195 I ) ,  

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

l a r g e s t  i n c r e a s e  and d e c r e a s e  w i t h  c h a n g e s  i n  s t i m u l u s  

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

r a n g e  of t h e  l a t e r  waves  ( i .e . ,  t h e  I 1 s a t u r a t i o n w  e f fec t  

d e s c r i b e d  a b o v e )  P r a t t  a n d  Sohmer  ( 1976 )  s u g g e s t  t h e  f o l l o w i n g :  

I f .  ,. a s m a l l  number  o f  a c t i v e ,  lower o r d e r  f i b e r s  
a c t i v a t e s  a much l s x g e r  n u n b e r  o f  h i g h e r  o r d e r  n e u r o n s  
( a i v e r g e n c e )  a n d  e a c h  h i g h e r  o r d e r  n e u r o n  i s  a c t i v a t e d  
by t h e  s y n a p t i c  c o n t a c t  w i t h  many l o w e r  o r d e r  n e u r o n s  
( c o n v e r g s n c e )  . T h u s ,  h i g h e r  o r d e r  n e u r o n s  a r e  a l r e a d y  
m a x i m a l l y  a c t i v a t e d  a t  i n t e r m e d i a t e  c l i c k  l e v e l s .  A s  
the c l i c k  r a t e  was i n c r e a s e d . , ,  t h e  a m p l i t u d e  of N1 
d e c r e a s s d ,  p r o b a b l y  b e c a u s e  s f  r e f r a c t o r i n e s s ,  b u t  t h e  
number o f  a c t i v e  f i b e r s  r e a c h i n g  t h e  n e x t  n u c l e u s  may 
s t i l l  h a v e  been s u f f i c i e n t  t o  c a u s e  t h e  s m a l l e r  t h a n  
e x p e c t e d  d s c r e a s e  i n  a ~ p l i t u d e  o f  t h e  r e s p o n s e  f r o m  
h i g h e r  o r d e r  b r a i n s t e m  n u c l e i .  Also a s  c l i c k  r a t e  was  
i n c r e a s e d ,  a  p a r t i c u l a r  v o l l e y  may b e  more  e f f e c t i v e  
s i n c e  i t  a a y  f i n d  s o n e  r e s i d u a l  e x c i t a t i o n  r e m a i n i n g  
f rom t h e  p r e v i o u s  v o l l e y .  F u r t h e r  e v i d e n c e  f o r  t h e s e  
h y p o t h e s e s  c o n e s  f r o m  t h e  o b s e r v a t i o n  t h a t  a t  l o w  c l i c k  
l e v e l s ,  when t h e  . . . f i r s t  wave . . . i s  + h a r d l y  a p p a r e n t ,  
t h e  f o u r t h  wave . . , is c l e a r l y  s e e n ,  i n d i c a t i n g  t h a t  a 
v e r y  s m a l l  number  o f  p r i m a r y  a u d i t o r y  n e r v e  f ibers  
f i n s n f f i c i e n z  to g i v a  a c l ea r  r e s p o n s e  i n  t h i s  
r e c o r d i n g )  n e v e i t h o l e s s  s u c c e e d  i n  a c t i v a t i n g  a 
s u f f  i c i e n t  number  o f  h i g h e r  o r d e r  n e u r o n s . "  



The f o r e g o i n g  Bay a lso b e  a p l a u s i b l e  e x p l a i n a t i o n  f o r  t h e  

p r e v a l e n t  f i n d i n g  t h a t  wave f i v e  is  t h e  l a r g e s t  a n d  most  e a s y  

t o  r e c o r d  a t  low s t i m u l u s  i n t e n s i t i e s  a n d  i s  l e a s t  a f f e c t e d  by.  

c h a n g e s  i n  IS1 (e. g . ,  J e w a t t  a n d  H i l l i s t o n ,  1971)  . Naunton a n d  

Z e r l i n  ( 1 3 7 6 )  f o u n d  t h a t  t h e  N 1  wave (BER wave o n e )  

i n t e n  si t y / a m p l i t u d e  f u n c t i o n  was n o t  m o n o t o n i c  a n d ,  i n  fac t ,  

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

h i g h  i n t e n s i t i e s  t h a t  P r a t t  a n d  Sohmer r e p o r t  f o r  t h e  l a t e r  

waves .  This f u n c t i o n ,  h o w e v e r ,  was  d e p e n d e n t  o n  t h e  f r e q u e n c y  

c o a p o n e n t s  o f  t h e  s t i m u l u s .  The a m p l i t u d e  o f  wave o n e  i s  

d e t e r m i n e d  b y  t h r e e  f a c t o r s :  a)  t h e  t o t a l  n u a b e r  o f  a c t i v ~ t 3 d  

n e u r o n s ;  b) t h e i r  r a t e  o f  f i r i n g ;  a n d ,  c) t h e i r  d e g r e e  of 

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

c o i n c i d e n t  w i t h  i n c r e a s e s  i n  s t i m u l u s  i n t e n s i t i e s  may be c a u s $ d  

by t w o  f a c t o r s :  a )  i n c r e a s e d  f i r i n g  o f  i n d i v i d u a l  n e u r o n s ;  

o r ,  b )  i n c r e a s e d  number  o f  a c t i v a t e d  n e u r o n s  t h a t - , r e s u l t  f r o m  ' 

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

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

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

o f  wave o n e  i n  t h e  f o l l o w i n g  way: B e k e s y ' s  t r a v e l i n g  wave h a s  

i t s  g r e a t e s t  v e l o c i t y  a t  t h e  b a s a l  t u r n  ( h i g h  f r e q u e n c i e s )  , 
s l o w i n g  p r o q r e s s i v e l y  a s  it moves t o w a r d  t h e  a p e x .  A g r e a t e r  

number  o f  h a i r  ce l l s  a r e  a c t i v a t e d  n e a r  t h e  b a s e s i n  a v e r y  
-'. 

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

(or mora s y n c h r o n y  f o r  h i g h e r  a s  izompared t o  l o w e r  



f r e q u e n c i e s )  . Tha t r s  v c l i n g  wave f o r  l o w e r - f r e q u e n c y  s t i m u l i  

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

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

F o r  h i q h e r  f r e q u e n c i e s  (8000  Hz) , t h e  r a v e  o n e  

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

s u g g e s t e d  a b o v e )  = o  a p p r o x i m a t s l y  70  dB, w h e r e  i t s  amplitude 

b e g i n s  t o  d e c r e a s 2  i n  c c a p a r i s o n  w i r h  l o w e r  f r e q u e n c i e s  (20&7-, 
/' 

Hz) o f  rhe same i n - , e n s i t . y .  T h i s  l t s a t u r a t i o n w  e f f e c t  ma3,<esult i 

 fro^ a decrease i n  f i z i n g  r a t e  doe t o  c e l l s  being d r i v e n  b e y o n d  

t h e i r  maximum (Kiang ,  1365) . T h u s ,  t h e  d i f f e r e n c e  b e t v e e n  t h e  

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

c o m p o n e n t s  may b e  d u e  t o  ;he  b r o a d e n e d  m e c h a n i c a l  t u n k g  c u r v e  

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

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

f r ~ q u  e n c i e s .  . 
A n o t h e r  p o s s i b l e  c a u s e  o f  c h a n g e s  d u e  t o  v a r i a t i o n s  i r  IS1  \ 

is n o r m a l  r e f r a c r o r y  p r o c e s s e s  w i t h i n  t h e  CAS ( P r a t t  a n d  

S o h o e r ,  1 9 7 6 ;  S a l a m y  e t  a l . ,  1378;  S immons  e t  a l . ,  1966;  

B e b s t e r ,  1 3 7 3 ;  a n d ,  Pebszar a n d  B o c k ,  1 3 7 1 ) .  T h i s  h a s   bee^ 

q u e s t i o n e d ,  h o w e v e r ,  b y  Don e t  a l .  (1 3 7 7 ) .  They f o u n d  t h a t  t h e  

l a ; ~ n c y / I S I  f u n c t i o n  o f  wave f i v e  i s  e s s e n t i a l l y  l i n e a r  b e t w e e n  

ISfs of 1 0  a n d  100 n s e c ,  while %hat o f  t h e  e i g h t h  n e r v e  hP 

( E g g e r a o n t  a n d  O d e n t h a l ,  1374)  i s  l o g a r i t h ~ i c .  This, they  

s u g g e s t ,  i c d i c a t e s  t h a t  r h e  I n p n t / o u t p u t  f u n c t i o n s  o f  t h e  C T  

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



T h ~ y  s t a t e  r h 3 t  r h a  I S 1  effect rs not due t o  refractory 

changes,  b u t  r a t h e r  t o  o x  of i r c o n p l e t e  cecovzry.  The prinarp 

f a c t o r s  under ly ing  - - zecgvery t i s e s  i n c l u d e :  a )  r e c e p t o r  

a d z p t a t i o n  and/or  f a t i g u e ;  b) s y n a p t i c  t r a n s ~ i s s i o n  changes ; 

and, c)  r e f r a c t o r y  p e r i s d s .  T h e y  e l i m i n a t e  refractory cha rges  

s i n c e  t g s  phe1iom0~?3n h 3 s  2 s h o r r e r  t i n e  course (1 -2  msec) t h a n  

f h ~  I S I S  n o r e a l l y  used, 7 h e g  ~ i t t e a p t  t o  e U . ~ i n a t t  s y n a p f i c  

r r a n s e i s s i c n  c h a n g e s  e s  s f a c ~ c t i  i n  a s t u d y  i n  which changes  i n  

vaveform s t i m u l a r s d  by 3 ~ ~ n a u z a l  c l i c k  sequence were not  

z l t ~ r s c i  b y  c o i ~ c i 5 e ~ z  presePtat2oC ~f r a p i d  c l i c k s  t o  t h e  o t h e r  

e a r .  As t hey  s n q g s s t ,  this a o e s  no t  e l i ~ i n a t e  t h e  possibility 

tb2: the click r e spo r sEs  a r r  zza~snlttsd v ia  a s o n a n r a i  pazhway 

(Babicqhrar,  et a i . ,  1 3 7 5 ) .  T h e  t h i r d  r i t u a r y  f a c t g r ,  and t h e  

o ~ e  zhey f zvour ,  is z d a ? t a t i o 2  arid/or f a t i g u e .  I f  t h i s  is,  ic 

.c -sc:, :he primzry fac:or, 1: b ~ c c n e s  d l f f l c u l t  t o  explain the 

r s p l 3  l a t e c c y  siift t o  a s y s p t o t i c  v a l u s s  b y  the 3 r d  t o  4 t h  

click ( , iborn toz  ? z Z  C o l e z a ~ ,  1 3 7 5 ) ,  o r  t h e  very l i t t l e ,  i f  

zcy,  chmge i n  Lztency sz3/3r a a p i i t u d e  ic i n f a n t s  a f t e r  more 

r ~ o s s i b l a  cause  ixdzr lyF3g  this I S 1  I1effectf1, f a v o u r e d  b y  the 

. - .  , presen- a u t h c r ,  I s  s t z i i  :=a? 3f s e u r a l  r e f r a c t o r y  processes. 

o f  r e f r a c t o r i a e s s  

.33es not c c n t r i b n z e  z s  -,he charges  In t h e  BEE, one rust assnne 



- .  .h:s is s i x p l & z r o e ,  l a  s t a t e d  a b = v e ,  <here i s  

c o ~ s i 3 e r a b l e  e v i d l n c e  tha: shoirs i n d i v i d u a l  neurons f i r i n g  i n  

barsts ( a f t e r  E sizgie s t i a u l a t i c n )  f o r  periods of time that 

may b e  n ~ r d e r ~  ~f aagni:ndrri longer t h a n  the i n i t i a l  b u r s t ,  

h l + h o n g h  ~c f i r s  c c n c f n s i s 2  c a  b e  s t a t e d  a t  p r e s e n t ,  t h e  f a c t  

wi+h - I S I S  o f  I c r e  E h a z  100 nsec ( e . g . ,  Yoshie, 1368) also 

p o i ~ t s  t o  i e f i ~ ~ 3 ~ ~  c h a n g e s ,  r a t h e r  t h a n  a d a p t a t i o n  o r  

fatigue, at shorter I S I S .  
& 

The BER h & s  z tkr3353id berween 10 and 20 dB HL (Pamada e t  
?b. 

dl., b 7 7 ) ,  an5, r i t c t e l l  a;ld C l e s i s  ( 1 9 7 7 )  h a v e  shown t h a t  

au2iogra.s d e r i v e ?  f r o a  323  records c o m p a r e  f a v o u r a b l y  w i t h  

corventional a u f  37z31i. OLE ~ l i i i i ~ a l  ~ o ~ & d e i . t i . ~ n  is t h a t  

C o z t s  zlid Hartis ( 1 3 7 7 )  h a v e  s h o w n ,  i a  p a t h o l o g i c a l  cases, t h a t  

r e g a r d i e s s  of i e s i o c  locus. 

One  o f  t h ~  hisic  ?roblens  i n  8ER a u d i o m e t r y  i s  t h a t  t h e  

.8 c l e a r e s t ,  u c a m i g s c a s  zecazds I r e  o b t a i n e d  from t h e  

~ r e s e r ~ a t l o c  of b r ~ a d b a c d  c l i c k s .  These, h o w e v e r ,  p r o v i d e  

7 : + - -  - * e  i n f c r r a - l o 2  3 b 3 2 t  t h e  f r e q u e n c y  specificity of the 

f 'e irnesser ,  1 3 5 7 )  , 3 r F a f  3rd i c r g  tone  b u r s t s  (Ro3era e t  a l . ,  

1 3 7 7 ;  &sd ,  T e r ~ i l r s e :  2:  sl,, 1 3 7 5 )  , f i l t e r e d  c l i c k s  ( D a v i s  and  



a l . ,  1376; a n d ,  E l b e r l i n q ,  1974) h a v e  . b e e n  u s e d  t o  c o m p e n s a t e  

f o r  these  d e f i c i e n c i e s  w i t h  f a i r l y  good r e s u l t s .  One o f  t h e  

o n - g o i n g  c o n t r o v e r s i e s  i n  BER r e s e a r c h  i s  w h e t h e r  t h e  wave 

. p e a k s  ( p a r r i c u l a r l y  Have f i v e )  r e p r e s e n t s  r e s p o n s e s  t o  
B 

c o m p o n e n t s  a b o v e  D r  b e l o w  2000  Hz. To a c e r t z i n  e x t e n t  t h e  

problem i n v o l v e s  i n s t r  u r n e n t a t i o n  ( e . g . ,  f . i l ter  s e t t i n g )  and  

s t i ~ u l o s  pa r a n €  t e r s ,  h o v e r e r ,  rhe camps  a r e  d i v i d e d  b e t w e e n  

-hose r h o  f e e l  t h a t  t h o  BEB c a n  r e f l e c t  a l l  f r e q u e n c i e s  ( e . g . ,  

K l ~ h  a n d  Teas. 1378; Kodsra ot a l . ,  1377; S n z u k i  a n d  B o r i u c h i .  

l j 7 7 ;  a n d ,  Yaaada et al., 1377)  a n d  t h o s e  t h a t  see i t  a s -  

h i g h  f r e q u e n c y  a c t i v i t y  D a v i s  a n d  H i r s h ,  

1 3 7 6 ;  a n d ,  Hanabe, 1376) . d r a a a  a n d  Sohmer (1377)  , however .  

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

a b s o l u r e  l a i ~ n ~ y  o f  the SER was d e p e n d e n t  on r h e  m o s t  p r o m i n e n t  
.I 

s r i a u l u s  frequency c o m p o n a n t .  T h i s ,  t o g e t h e r  v i t h  B E R s  t a k e n  

fzca s u b j e c t s  w i t h  ' v a r i o u s  h e a r i n g  l o s s ,  s u g g e s t e d  t h a t  B E R s  

c o u l d  be c b t a i n e d  f ro in  l o v - f r e q u e n c y  s t ? m u l a t i o n .  It is 

i r r e r e s z i n g  t o  no;$ t k a r ,  u h e r e a s  mos t  r e s e a r c h e r s  h a v e  s t u d i e d  

r h e  wave p e a k s  ( e  , €IS€ t h r o u g h  s e v e n ) ,  R l e i n  a n d  T e a s ,  a n d  

S u z u k i  a ~ d  B o r i u c h i  s t u d i o d  t h e  BEE s l o w  p o t e n t i a l .  - 
Aizhough  :ha c o r r e l a t i o n  6f BER, r a c o r d s  w i t h  

e l ~ c r r o c o c h l e o g r a p h i c  r 5 c o r d s  h a s  ' b e e n  q u e s t i o n e d  (Eggermont  

a r d  D d e n t h a l ,  1 3 7 4 3 1 ,  o r h e r s  h a v e  shown t h a t  t h e . l a t e n c y  a n d  

a a p l i t u d e  f u n c t i o n s  of :he BER c h a n g e s  slope b e t w e e n  40-60 dB 

SL (Davis and HFrsh, 1 3 7 6 ;  P o s h i a ,  1968;  a n d ,  Y o s h i e  a n d  



w 

Ohashi ,  1 9 6 9 ) h h i s  i s  similar t o  t h e  s l o p e s  o b t a i n e d  i n  

/' p r o m o n t o r y  o r  r o u n d  window e l  e c t b o c o c h l e o g r a p h y  (Eggermont  a n d  

~ d e n t h a l ,  1974b; a n d ,  P o r t m a n n  a n d  A r a n ,  1971) .  Weber and  

a n d  Z o l l n e r  e t  ' a l .  ( 1  976.) 
, - h a v e  s u g g e s t e d  t h a t  

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

of t h e  t w o  p o p u l a z i o n s  o f  hair cel l s  i n  the o r g a n  of  C o r t i .  

I n  g e n e r a l ,  the BER c a n  be c o n s i d e r e d  a g o o d  g u a ' n t i t a t i v e  

a n d  o b j e c t i v e  m e a s u r e  o f  a u d i t o r y  s e n s o r y  f u n c t i o n  ( P i c t o n  et 

ale, 1977; a n d ,  S t a r r ,  1978) f o r  f r e q u e n c i e s  b e l o w  2000 Hz 

(Kodera  et'al., 1377) a s  well as  t h o s e  i n  e x c e s s  of 2000 Hz 

( D a v i s ,  1 3 7 6 ) .  Ir  must  b2 n o t e d ,  h o w e v e r ,  t h a t  s u b j e c t i v e  

e s t i m a r a s  of  l o u d n e s s  d o  n o t  c o r r e l a t e  well w i t h  BER l e v e l s  

( B a u e r  a n d  Galambos ,  1 3 7 5 ;  C o a t s  a n d  D i c k e y .  1372: Hecox. 1 9 7 4 ;  

Hecox e t  a l . ,  1976;  a n d ,  P r a t t  a n d  Sohmer ,  1 3 7 7 )  . I n  o t h e r  

words, BER i s  n o t  h e a r i n g .  It  h a s  b e e n  s u g g e s t e d  t h a t  e i t h e r  a  

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

on  a p r i o r i t y  b a s i s ,  or t h e  l e v e l s  o b t a i n e d  by  BER r e c o r d s  

r e f l ec t  t h e  limits of t h e  i n s t r u m e n t s  u s e d ,  a n d  the a n a t o m i c a l  

effects on  n e u r a l  vo lume c o n d u c t i o n  (Hecox e t  a l . ,  ( 3 7 6 ;  a n d ,  

P r a t t  a n d  Sohmer ,  1 977) . O r ,  i n  terms o f  wave o n e  ( C o a t s  a n d  

D i c k e y ,  1972)  , t h e  t e a p o r a l  d i s @ e r s i o n  o f  t h e  a c t i o n  p o t e n t i a l  
\ 

may l e a d  t o  a  r e d u c t i o r i  i n  a m p l i t u d e  wh4le  t h e  t o t a l  num.ber o f  v 

a c t i v e  f i b e r s  r s m a i n  c o n s 4 a n t .  
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I n t e r e s t  i n  t h i s  a u d i t o r y ,  n o n - i n v a s i v e ,  e l e c t r o - n e u r a l  

phenomenon stems f r o m  t h e  p o s s i b i l i t y  o f  a c c u r a t e 1  y  d e t e r m i n i n g  

a n a t o m i c a l l y  a series o f  EEG EP g e n e r a t o r  s o u r c e s .  o b t a i n i n g  
# 

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

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

t e c h n i q u e  t o  c l i n i c a l  s i t u a t i o n s .  S i n c e  t h e  CAS h a s  b e e n  shown 

t o  ha-ve r e s p o n s e  p a t t e r n s  t h a t  a r e  e x t r e m e l y  h e t e r o g e n e o u s  

w i t h i n  e a c h  n u c l e u s  ( B o u d r e a u  a n d  T s u c h i t a n i ,  1368; a n d .  

W h i t f i e l d ,  1967) .  i t  i s  p r o b a b l y  s i m p l i s t i c  t o  s p e a k  o f  t h e  CAS 

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

A number  o f  d i f f e r e n t  t e c h n i q u e s  h a v e  b e e n  u s e d  i n  attempting 

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

T h e s e  i n c l u d e :  a )  c o r r e l a t i o n s  b e t w e e n  s p e c i f i c  s c a l p  e v o k e d  

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

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

s c a l p  a n d  a t  o t h e r  l o c a t i o n s  (e.g.,  n a s o p h a r y n x  a n d  n e c k  

p o s i t i o n s ) ;  c) c o r r e l a t i o n s  o f  t h e  BER b e f o r e  a n d  a f t e r  

d e s t r u c t L o n  of s p e c i f i c  t r a c t s  a n d  n u c l e i  i n  a n i m a l s ;  d)  

c o r r e l a t i o n  b e t w e e n  n o r m a l  human B E R s  aAnd t h e  BE k o b t a i n e d  

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

a n d ,  e) s t u d i e s  of t h e  m a t u r a t i o n a l  t r e n d s  of t h e  BER i n  b o t h  

numans  a n d  a n i m a l s .  



A t t e m p t s  t o  l o c a t a  n e u r a l  g e n e r a t o r  s o u r c t s  v i a  s c a l p  

e l e c t r o d e s  ( t h e  g o a l  of BER r e s e a r c h )  is w r o u g h t  w i t h  p r o b l e m s  

(is€. , t h e  e f f e c t  of v o l u m e  c o n d u c t i o n  o n  t h e  waveform,  t h e  

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

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

h a z a r d  of , s e e i n g  a  p a r t i c u l a r  n u c l e u s  a s  t h e  s o u r c e  o f  a  
1 

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

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

p o t e n t i a l s  ( S t a r r  a n d  H a m i l t o n ,  1976)  . T h i s  p r o b l e m  i s  

p r o b a b l y  b e s t  i l l u s t r a t e d  b y  S t e v e n s  ( 1 9 7 4 )  i n  h i s  l is t  o f  t h e  

p o s s i b l e  c a u s e s  of a m p l i t u d e  c h a n g e s :  

" ~ f  . .. a  s u r f a c e  p o s i t i v i t y  o r  n e g a t i v i t y  is d e c r e a s e d  
d u r i n g  a  s t i m u l u s  p a r a d i g m ,  it is  i m p o s s i b l e  t o  
d e t e r m i n e  f r o m  m e a s u z e m e n r s  o f  t h e  s u r f  a c e  p o t e n t i a l  
w h e t h e r  t h e  d e c r e a s e  was p r o d u c e d  by: (a)  a r e d u c t i o n  
o f  t h e  a m p l i t u d e  cf t h e  p r e s y n a p t i c  v o l l e y  , t i m e . ,  a 
d e c r e a s e  i n  t h e  number  o f  c e l l s  a c t i v a t e d )  ; (b )  a c h a n g e  
i n  t h e  s y r c h r o n y  c f  t h e  p r e s y n a p t i c  v o l l e k  (c) a 
c a n c e l l a t i o n  of f i e l d s  d u e  t o  t h e  g e n e r a t i o n  o f  c u r r e n t s  
of o p p o s i t e  p o l a r i t y  a t  t h e  same l o c a t i o n  a s  t h e  t e s t  
r e s p o n s e ;  o r ,  ( d )  a  c a n c e l l a t i o n  of f i e l d s  d u e  t o  
g e n e r a t i o n  cf f i e l d  p o t e n t i a l s  d e e p e r  i n  t h e  s t r u c t u r e  
w h i c h ,  h a v i n g  a  b i g g e r  c u r r e n t  s p r e a d ,  may o b l i t e r a t e  
nore l o c a l i z e d  o r  more  s u p e r f i c i a l  f i e l d  p o t e n t i a l s f 1  
(2B-77) .  

Most w o r k e r s  h a v e  r e g a r d e d  t h e  BER a s  a c o m p o s i t e  f i r i n g  

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

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

a n d  s l o w  w a v e s  c a n  be r e c o r d e p - f f o r a  a  n u a b t r  o f  CAS n u c l e i  v i a  

d e p t h  e l s c t r o d 2 s  (Huang and  B u c h u a l d ,  1977;  Jewett e t  a l e ,  
* 

1970 ;  a n d ,  O r n i t z  a n d  W a l t e r ,  1975, 1976)  . S t a r r  a n d  H a m i l t o n  
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( 1 9 7 6 )  s t u d y i n g  a number  of p a t i e n t s  s u f f e r i n g  from a v a r i e t y  

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

f o l l o w i n g  c o r r e l a t i o n s  : whenever  t h e  b r a i n s t e m  is e x t e n s i v e l y  

d i s t u r b e d  o r  d e s t r o y e d ,  i n c l u d i n g  t h e  e x t r a m e d u ' l J z t r y  e i g h t h  

n e r v e  e n t r a n c e ,  o n l y  wave o n e  c a n  b e  o b s e r v e d  i n  t h e  B E R ;  

w h e r e a s ,  w a v e s  f o u r  t h r o u g h  s e v e n  r e q u i r e  t h e '  e x i s t e n c e  of a  

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

o n e  i n  t h e  e i g h t h  n e r v e  ( p o s s i b l y  b e f o r e  it  p a s s e s  t h r o u g h .  t h e  

i n t e r n a l  a u d i t o r y  m e a t u s )  , wave t w o  a t  a n  i n d e t e r m i n a t e  p o i n t  

b e t w e e n  t h e  g e n e r a t o r s  f o r  wave o n e  a n d  wave t h r e e - ,  a n d  wave 

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

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

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

c a r r i e d  o u t  by U z i e l  a r d  B e n e z e c h  - (1378)  i n  v h i c h  b e h a v i o u r a l  

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

a l t e r a t i o n s  i n  t h e  B E R .  T h e y  s t a t e :  

" T h e r e  i s  g o o d  c q r e l a t i o n  b e t  ween f l e x i o n  r e a c t i v i t y  
w h i c h  r e q u i r e s  t h e % i n t e g r i t y  o f  t h e  b r a i n s t e m  .. . a n d  
n o r m a l  BER. F l a c c i d i t y  which  a p p e a r s  i n  b r a i n s t e m  
l e s i o n s  i n v o l v i n g  t h e  i n f e r i o r  p o n s ,  a l w a y s  c o r r e s p o n d e d  
w i t h  a l o s s  o f  t h e  l a s t  t h r e e  waves  of t h e  BER (3-5) .  
E k t e n s i o n  r e a c t i v i t y ,  c l a s s i c a l l y  i d e n t i f i e d  w i t h  
S h e r r i n g t o n l s  r i g i d i t y  i n  a n i m a l s ,  h a s  i n  f a c t  b e e n  
o b s e r x e d  e v e n  i n  t h e  a b s e n c e  of a n a t o n i 3 c a l  b r a i n s t e m  
l e s i o n s  . . . Our s t u d y  c o n f i r m s  t h e s e  f i n d i n g s  s i n c e ,  o u t  
o f  11 o f  o u r  p a t i e n t s  w i t h  t h i s  k i n d  of r e a c t i v i t y ,  8 
showed  BER a b n o r m a l i t i e s  a n d  3 h a d  n o r m a l  BERs. 
B i l a t e r a l  a r e a c t i v e  p u p i l l a r y  d i l a t a t i o n  h a s  b e e n  
o b s e r v e d  i n  p o n t i n e  o r  ~ e d u l l a r y  lesions . . . It i s  
r e l a t e d  ib o u r  s t u d y  t o  a b n o r n a l i t i e s  of w a v e s  PI-P3. 
The  o t h e r  p u p i l l a g  a b n o r m a l i t i e s  ( m y o s i s  a n d  a b s e n c e  of 



l i g h t  r e f l e x )  h a v e  b e e n  r e l a t e d  t o  m i d - b r a i n  o r  
d i e n c e p h a l i c  l e s i o n s .  They were a s s o c i a t e d  i n  o u r  s t u d y  
w i t h  a b n o r m a l i t i e s  i n  wave P 5  i n  40% o f  t h e  cases, a n d  
w i t h  t h e  a b s e n c e  of a l t e r a t i o n s  of t h e  BER i n  t h e  o t h e r  
c a s e s ,  He h a v e  f o u n d  a g o o d  c o r r e l a t i o n  b e t w e e n  t h e  
p r e s e n c e  o f  v e r t i c a l  a u t o m a t i c  e y e  movements  which  
r e q u i r e  i n t ' a c t n e s s  o f  t h e  m e s e n c e p h a l i c  t egmentum 
( p e r i a q u e d u c t a l  g r e y  matter) . . . a n d  t h e  i n t e g r i t y  o f  
t h e  5 c o m p o n e n t s  o f  t h e  BER.  An a b n o r m a l i t y  o f  t h e  5 t h  
wave o c c u r r e d  i n  60% o f  t h e  c a s e s  i n  w h i c h  n o  v e r t i c a l  
e y e . m o v e m e n t  c o u l d  b e  o b s e r v e d :  t h i s  s u g g e s t s  t h a t  t h e  
5 t h  wavE o r i g i n a t e s  f r o m  t h e  m i d b r a i n  ( i n f e r i o r  
c o l l i c u l u s )  . T h e  i n t e g r i t y  o f  t h e  i n f e r i o r  p o n s  i s  
e s s e n t i a l  i n  t h e  g e n e r a t i o n  of h o r i z o n t a l  a u t o m a t i c  e y e  
movement . . . A good c o r r e l a t i o n  e x i s t s  b e t w e e n  t h e  
d i s a p p e a r a n c e  o f  h o r i z o n t a l  a u t o m a t i c  e y e  movements  a n d  
t h e  l o s s  of wave P3, which  s u g g e s t s  t h a t  t h i s  wave 
o r i g i n a t e s  f rom t h e  i n f e r i o r  p o n s .  The p r o c e d u r e  i s  
i d e n t i c a l  f o r  t h e  c o r n e a l  r e f l e x ,  which  h a s  t h e  same 
o r i q i n .  

L e s i o n  s t u d i e s  w i t h  a n i m a l s  h a v e  shown s imi l a r  f i n d i n g s  t o  

t h e  a b o v e ,  w i t h  t h e  e x p e c t e d  i n c o n s i s t e n c i e s  o f  t h i s  t y p e . o f  

g r o s s  e x p e r i m e n t a l  d e s i g n  (em g. ,  G o l d e n b e r g  a n d  D e r b y s h i r e  

(1975) f o u n d  e v e n  b i l a t e r a l  a b l a t i o n s  o f  t h e  IC d i d  n o t  

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

the first t h r e e  waves,  w h e r e a s ,  Buchwald  a n d  Huang (1975):  

showed  l e s i o n s  o f  t h e  I C  e l i m i n a t e d  wave f i v e  w h i l e  a n y  l e s i o n  

a b o v e  t h e  l e v e l  of t h e  , C N  h a d  no e f fec t  o n  w a v e s  o n e  o r  t w o ) .  

- T h e  Buchwald  a n d  Huang s t u d y  a p p e a r s  t o  be more i n  k e e p i n g  w i t h  

the c o r r e l a t i o n  s t u d i e s  o f  Jewett a n d  o t h e r s .  T h e y  f o u n d  t h a t  

m i d - c o l l i c u l a r  d e c e r e b r a t i o n  had l i t t l e  effect  on t h e  first 

f i v e  waves,  w h e r e a s  b i l a t e r a l  a s p i r a t i o n  o f  I C  r e s u l t e d  i n  t h e  

e l i m i n a t i o n  o f  wave f i v e .  S e v e r i n g  t h e  e f f e r e n t s  f r o m  t h e  CN 

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

w h i l e  s e p a r a t i n g  t h e  CN f rom t h e  a c o u s t i c  n e r v e  l e f t  o n l y  wave 



one .  Wave o n e ,  u n l i k e  t h e  C o c h l e a r  M i c r o p h o n i c  r e s p o n s e ,  

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

I C  t o  t h e  lower e n d  o f  t h e  CN, wave f o u r  a n d  f i v e  d e c r e a s e d  i n  

a m p l i t u d e  b y  50% o r  more ,  w h i l e  wave* t h r e s  d i s a p p e a r e d  

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

g e n e r a t o r s  o f  t h e s s  waves  o n  c r o s s e d  a n d  u n c r o s s e d  p r o j e c t i o n s .  

A m o r e  d e f i n i t i v e  l o c u s  of t h e  wave f o u r  g e n e r a t o r s  was 
I 

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

t h e  v e n t r a l  nucleus o f  t h e  LL and  o f  t h e  a d j a c e n t  p r e - o l i v a r y  

a reas  r e s u l t e d  i n  t h e  e l i m i n a t i o n  o f  t h e  r e m a i n i n g  wave f o u r  

p o t e n t i a l .  A l l e n  a n d  S ta r r  ( 1378) , u s i n g  monkeys ,  p r e s e n t e d  

somewhat  s i m i l a r  d a t a :  waves  o n e  a n d  f i v e  a p p e a r e d  t o  

o r i g i n a t e  f r o m  s i n g l e  l a t e r a l i z e d  g e n e r a t o r s ;  w a v e s  two a n d  

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

s t r u c t u r e .  I n  a n o t h e r  c o m p a r a b l e  s t u d y  (Achor ,  1976) , d e p t h  

r e c o r d i n g s  of i s o p o t e n f i a l  c o n t o u r  maps i n d i c a t e d  t h a t  wave 

t w o ,  f o u r  a n d  f i v e  were g e n e r a t e d  by t w o  o r  more  s o u r c e s ,  w h i l e  

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

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

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

a b o v e  a n a t o m i c a l  l o c a t i o n s  o t h e r  c o n f l i c t s  ar ise .  F o r  e x a m p l e ,  

Huang a n d  Buchwald  (1978)  a n d  Y o s h i e  (1968) h a v e  s u g g e s t e d  t h a t  

t h e  wave p e a k  l a t s n c i e s  a re  e n t i r e l y  d e t e r m i n e d  by t h e  l a t e n c y  

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

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



n u c l e u s  o f , t h e  CAS t h e r e  a r e  a  g r o u p  o f  c o n s t a n t  I t s h o r t -  

l a t e n c y "  u n i t s  which  a re  s e n s i t i v e  t o  o n s e t  b u t  n o t  d u r a t i o n  

(Huang a r d  Buchws ld ,  1 3 7 7 ) .  These  u n i t s  h a v e  b e e n  f o u n d  i n  t h e  

CN (Rodir iova ,  1971)  , i n ,  t h e  SOC ( G a l a m b o s  e t  a l . ,  1959)  a ~ i d  i n  

t h ~  I C  ( G e r s u n i  e t  a l . ,  1 9 7 1 ) ;  a t  e a c h  CAS l e v e l  t h e y  show a 

mean r e s p o n s e  l a t e n c y  which c o r r e l a t e s  well w i t h  t h e  e x p e c t e d  

BER p e a k  f o r  t h a t  l e v e l .  T h i s  would  s u g g e s t  t h e  p o s s i b l i t y  

t h a t  t h e  BER re f lec t s  t h e  a c t i v i t y  of f t p h a s e - l o c k i n g f ~  n e u r o n s ,  

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

a n a l y s i s  of t h e  s t i m u l u s  i n  much t h e  s a m e  way a s  t r i g g e r  p u l s e s  

do i n  s i g n a l  a v e r a g e r s .  I f  t h i s  is  t h e  c a s e ,  a n y  a n a l y t i c a l  

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

c a n c e l  a i r i n g  a v e r a g i n g  e v e n  i f  i t  was i n i t i a t e d  b y  t h e  - 

s t i m u l u s .  I n  c l a r i f i c a t i o n  of t h i s  h y p o t h e s i s ,  c t h e r  w o r k e r s  

h a v e  shown t h e  BER t o  b e  s e n s i t i v a  o n l y  t o  t h e  o n s e t  of t h e  

s t i m u l u s  (Ha l lman ,  1977;  Hecox a n d  Ga lambos ,  1 3 7 4 ;  a n d ,  Hecox 

e t  a l . ,  1 9 7 6 ) .  A l t h o u g h  Hecox e t  a l .  s t a t e  t h a t  i t  is  o n l y  t h e  

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

r e s u l t s  i n  t h e  BER,  t h e i r  u s e  of a 2 msec t o n e  b u r s t  may n o t  

h a v e  a l l o w e d  e n o u g h  r e c o v e r y  time f o r  t h e '  s y s t e m  t o  r e s p o n d ,  

and  would  h a v e  r e s u l t e d  i n  a n  o f f - r e s p o n s e  wave f i v e  ( i f  o n e  

e x i s t s )  o c c u r r i n g  b e y o n d  t h e i r  d - u r a t i o n  o f  n e a s u r e m e n t .  I n  a n y  

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

o f  t h e  e i g h t h  n e r v e  AP ( G o l d s t e i n  a n d  K i a n g ,  1958)  , t h e  8-50 

msec AEPs ( L a n e  e t  a l . ,  1 3 7 1 ;  Beitter a n M a n ,  1373; andrL 



S k i n n e r  a n d  B n z i n o r o ,  1371)  , a n d ,  t h e  50-500 msec AEPs (Lamb 

a n d  Graham, 1967 ;  O n i s h F  a n d  D a v i s ,  1 9 6 8 ;  a n d ,  S k i n n e r  a n d  

J o n e s ,  1968)  . The h y p o t h s s i s  z h a t  t h e  BER ref lects  o n l y  t h e  

o n - r e s p o n s e  o f  t h e  c o c h l e a  is n o t  u n i v e r s a l l y  a c c e p t e d .  K o d e r a  

e t  a l .  ( l 3 7 7 ) ,  u s i r i g  t o n e  b u r s i s  o f  f a i r l y  l o n g  d u r a t i o n s ,  

s h c w e d  a  BER waveform a t  b o t h  t h e  i n i t i a t i o n  a n d  c e s s a t i o n  of 

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

a m p l i t u d e  ? u n c t i o n s ,  a s  co rapared  w i t h  t h e '  o n - r e p o n s e ,  f o r  

c h a n g e s  i n  s t i m u l u s  i n t e n s i t y .  T h l s ,  t h e y  s u g g e s t ,  may b e  d u e  

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

t o c e  b u r s t .  I t  m i g h t  b e  j u s t  a s  r s a s o n a b l e  t o  a s s u m e  

r e f r a c t o r y  c h a r g e s ;  h o w s v a r ,  more w o r k p i s  n e e d e d  t o  u n d e r s t a n d  

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

S i n c e  it h a s  besn shown t h a t  s i g n i f i c a n t  v a r i a b i l i t y  

w i t h i n  e a c h  wave p e a k  ( t w : ,  t o  s e v e n )  d o e s  e x i s t  ( H a l l m a n ,  1 9 7 7 )  

and  t h a t  t h e  b e t w e e n  p e a k  l a t e n c y  i s  n o t  f i x e d  when c e r t a i n  

paraoeters  a r e  c h a n g e d  ( H a l l p a n ,  1 3 7 7 ;  O r n i t z  a n d  W a l t e r ,  1 9 7 5 ,  

1376 ;  P r a t t  a n d  Sohmer ,  1376;  a n d ,  Z e r l i n  a n d  H a u n t o n ,  1 9 7 3 ) ,  a 

s e c o n d  p o s s i b i l i t y ,  a s  s u g g e s t e d  b y  Y o s h i e  ( 1 9 6 8 ) ,  i s  t h a t  

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

a r e  d e l a y e d  b y  t h e  t r a v e l  time o f  B e k e s y t s  t r a v e l i n g  wave a n d ,  

t h e r e f o r e ,  t e n d  t 3  c a r c e l  rather t h a n  s u m a a t e  d u r i n g  a v e r a g i n g .  

This r e s u l t s  i n  a c a n c e f h t i o n  of a l l  p o t e n t i a l s  o c c u r r i n g  
. a 

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

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

P 
f 



n o i s e ,  t h a t  t h e  compound  a c t i o n  p o t e n t i a l  (Teas e t  a l . ,  1962) 

a n d  t h e  BER (HECOX, 1 3 7 4 ;  a n d ,  S t a r r ,  1978) r e f l e c t ' o n l y  t h e  
\ 

f u n c t i o n  of t h e  b a s a l  t u r n  o f  t h e  c o c h l e a .  S i m i l a r  t o  Y o s h i e ,  

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

of t h e  BPS o r i g i n a t i n g  f r o m  t h e  b a s a l  t u r n  wf ie re  t h e  v e l o c i t y  

o f  t h e  ~ e k e s p  t r a v e l i n g  wave i s  g r e a t e s t .  . , 

Even i n  t h e  a r e a  o f  e i g h t h  n e r v e  ABS,  l o n g  t h e  s u b j e c t  of  

s l e c t r o c o c h l e o g r a p h i c  study, th_ere  is c o n f l i c t .  T h o s e  s t u d i e s  

r e p o r t i n g  ~ i g h t h  n e r v e  p a t h o l o g i e s  ( D a l y  e t  a l . ,  1 977;  Sohmer  . 

et a l .  , 1 9 7 4 ;  a n d ,  S t a r r ,  1378) s h o w  c h a n g e s  t h a t  seem c o n f i n e d  .. 
t o  e i t h e r  o r  b o t h  o f  t h e  first t w o  w a v e s ;  h o w e v e r ,  s o m e  s t u d i e s  

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

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

q u i t e  p r e c i s e  i n  l o c a t i n g  t h e  g e n e r a l  a r e a  g e n e r a t i n g  e a c h  BEB 

wavo, z h e r e  is s t i l l  ~ u c h  t o  be  s t u d i e d  b e f o r e  t h e  f u n c t i o n i n g  

o f  t h e  CAS, a n d  how t h i s  r e l a t e s  t o  c h a n g e s  i n  t h s  BER,  is  

z d e q u a t e l y  u n d e r s t o o d .  

S t o c k a r d  a n d  Rossi ter  ( 1 9 7 7 ) ,  i n  o v e r v i e w ,  h a v e  s u g g e s t e d  

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

w i t h i n  t h e  f o l l o w i r g  areas: wave o n e ,  t h e  a c o u s t i c  n e r v e ;  wave 

t v o  , t h s  p o n t o m e d u l l a r  y j u n c t i o n ;  wave  t h r e e ,  the c a u d a l  p o n s ;  

uavG four, t h e  r o s t r a 1  p o n s  o r  m i d b r a i n ;  wave  five^ t h e  

a i d b r a i n ;  wave s i x ,  t h e  t h a l a m u s ;  a n d ,  wave s e v e n ,  t h e  t h a l a m u s  

o r  z u d i t o r y  r a d i a t i o n s .  



BER MBTBRATIOI 
L_---- 

A 

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

(Schulman-Galambos a n d  Galambos,  1 9  75) , n e o n a t e s  ( L i e b e r m a n  a n d  

Sohmer,  1973)  and  y o u n g  c h i l d r a n  (Hecox a n d  Ga lambos ,  1974,  

L i e b e r m a n  a n d  Sohmer ,  1 9 7 3 ) .  S t u d i e s  h a v e  shown a v e r y  

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

a d u l t  f o r m  somewhere  a r o u n d  18-30 m o n t h s  o f  a g e  ( U o k o t o f f  e t  

a l . ,  1377 ;  Sa lamy a n d  HcKean, 1976; S a l a m y  e t  a l . ,  1975 ;  

Schulman-Galambos a n d  Ga lambos ,  1 9 7 5 ;  S h a h  e t  al., 1 9 7 8 ;  a n d ,  

S t a r r  e t  al . !  1377) . ~t b i r t h ,  wave f i v e  s h o w s  a p r o l o n g e d  

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

a m p l i t u d e s  by 12 m o n t h s  ( L i e b e r m a n  a n d  Sohmer,  1 9 7 3 )  a n d  a d u l t  

l a t e n c i e s  by  18 m o n t h s  (HeCOX a n d  ~ a l a m b a s ,  1 9 7 4 ) .  A s i m i l a r  

t r e n d  h a s  b e e n  shown f o r  r a t  p u p s  a n d  k i t t e n s  ( J e w ~ t t  a n d  

Romano, 1972)  . I n  com p a r i s o n ,  wave o n e  a c h i e v e s  a d u l t  

l a t e n c i e s  by  7 m o n t h s  .(Hecox, 1376)  s u g g e s t i n g  t h a t  t h e  PT 

c o m p o n e n t s  m a t u r e  b e f o r e  t h e  C T  c o m p o n e n t s .  T h e  C T  componen t  ' 

shows  t h r e e  d e f i n i t e  s t a g e s  of d e v e l o p m e n t  (Sa lamy a n d  McKean, 

1 9 7 6 ) :  a n  i n i t i a l  a b r u p t  c h a n g e  b e t w e e n  b i r t h  a n d  s i x  weeks;  a  

p e r i o d  of q u i e s c e n c e  t h r o u g h  t h e  6 t h  month;  a n d ,  a p e r i o d  

b e t w e e n  s i x  months  a n d  o n e  y e a r  when l a t e n c y  v a l u e s  a r e  r e d u c e d  

by a s  much a s  0.5 msec. T h e  C T  m a t u r a t i o n a l  t r e n d  h a s  been  

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

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



e s t a b l i s h  t h e  s e n s i t i v i t y  o f  t h e  BER t o  r a t e s  of m y e l i n a t i o n  
L 

(Shah e t  a l . ,  1 3 7 8 )  e x p e r i m s n t a l l y  i n d u c e d  m y e l i n  d e f i c i e n c y  i n  

a n i m a l s .  T h e  l a t e n c y  p r o l o n g a t i o n  o f  t h e  wave p e a k s  n o t -  o n l y  

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

f o u ~ i d  i n  pa t i ec t s  w i t h  d e m y e l i n a t i n g  d e s e a s e s  ( S t a r r  a n d  A c h o r ,  

1975;  S t a r r  a n d  B a r a i l t o n ,  1 9 7 6 ;  S t o c k a r d  e t  a l . ,  1 9 7 6 ;  S t o c k a r d  

a n d  R o s s i t e r ,  1977;  a n d ,  U i e d e r h o l t  e t  a l . ,  1977)  . 
The PT t r ~ n d  h a s  b e e n  a s s u m e d  t o  e i t h e r  i n v o l v e  m a t u r a t i o n  

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

h i g h  f r e q u e n c y  c o a p o n e n t s  become i e s s  e f f e c t i v e  as  m a s k e r s  t h e  

y o u n g e r  t h e  i n f a n t  i s  (Hecox,  1 9 7 6 ) ,  it h a s  b e e n  s u g g e s t e d  t h a t  

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

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

p o s i t i o n  t o w a r d  th2 b a s e .  This would ,  i n  p a r t ,  e x p l a i n  t h e  

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

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

(1368)  showed i n  h i s  s a m p l ~  o f  human newborn  c o c h l e a s ,  - t h a t  t h e  

most b a s a l  p o r z i ~ n  was n o t  m a t u r e .  I t  i s  i m p o r t a n t  t o  n o t e  

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

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

1 3 7 2 ) ,  b e c a u s e  o f  t h e  c c n f o u n d i n g  o f  t h e  PT c o m p o n e n t  b y  t h e  

eighth n e r v e  a c t i v i t y ,  What ever t h e  c a u s e  of BER a a t Q r a t i o n ,  

It i s  now p o s s i b l e  t o  both determine i f  the peripheral a n d  

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

child a s  y o u n g  a s  a few d a y s  o f  a g t ,  and  t o  d e t e r m i n e ,  o v e r ,  



t i i a e ,  i f  t h e  s y s t a a  is d e v ~ l o p i r g  n o r s a l l y .  This z e c h n i q u i  can  

b e  used with a l l  i n f = r z s  a s  a  firs: l i n e  s c r e e z i l n g  t e c h n i q u e  

f o i  a u d i t o r y  p r o b l ~ a s  (Yokorof  f er a l . ,  1377)  . One a d v a n t a g e  

-2 of r h e  use of BER t e c h n i q u e  u F t h  l n f a r i t s  is t h a t  BER 

t h r e s h o l d s  a r e  s i g n i f i c a n - l y  t h a n  t h a t  obtaine4, by 
I 

h e a r t  

r a t e  c h a n g e  f o r  a u f i i z o r y  r e s p o ; l s i v L t p  ( S c h u l e a 3 ,  1373;  a n d ,  
. . 

S c h u l ~ a n - G a l a a b o s  a n d  G a f a a b o s ,  13751.  F l g u ~ e  5. from 

S a l a n y  a n d  ~ d ~ s a ~  ( 1 3 7 6 )  shows a t y p i c a l  i n f a n :  B Z R  

a a t u r a ~ i o n a l  d e v e l o p n ~ c t .  ' 

CLI WICAL W P L I C A T I O H S  

s 

T h e r e  i s  a g r a v i n g  l i t e r a r u r e  t h a t  s u g g e s t s  :he 3 E R  t o  be 

/ a g 3 o d  mezsure of nc; c n l y  eazly o n s e t  o f  p a t n ~ l o g y ,  b u t  a l s o  
. . 

cf the, p r o g r e s s i o n ,  r e g r e s s i o n ,  s i z e  and  l acus  o f  such 

p a t h o l c g i e s  ( e , g , ,  D a i y  st ?I., 1 3 7 7 ;  H c D ~ n a l d  3n9 S e a r s ,  1 3 7 0 ;  

E o h i n s c n  a ~ d  Rudge,  1 3 7 7 ;  a c s e s h a s e r ,  1 3 7 7 ;  Sei ters  and 

Bracirmann, 1 3 7 7 ;  S i n o n  e r  zl, , 7 3 7 6 ;  S ~ h m e r  e t  a l .  , 1 3 7 4 ;  

S o k a e r  et a l . ,  1 3 7 7 ;  S o h a e r  a n d  S t u d e n t ,  1 3 7 8 ;  S t a z r ,  7373;  

S-nrr 2 2 d  Achoz ,  1 3 7 5 ;  S t a r =  a;d Baai lzon,  1 3 7 6 ;  S t o c k a r d  et 

a l . ,  1 3 7 6 ;  S t o c k a z 3  ~ c d  B o s s i t e r ,  1377 ;  T e r k i l d s e n  s t  31 , ,  1377;  

Tbc iL ton  a n d  Hawkes, 1 3 7 6 ;  a n d ,  i i i i e d e r h o l d  e t  ai., 1977)  . 
anether with z 3 n l t s  oz I c f a n t s ,  t h e  BER c a n  be u s e d  a s  evidence 

r =  ,, CAS e x c z t a = i o 3  an3, - ~y a e a n s  o f  d e r i v e d  e x p e c t e d  fa rency  

C';I=VPS f o r  wid& 3 s n d  c i l c k s ,  c a r  D? n s e d  t o  e s t i n a r a  the e x t e n t  





c f  h i g h  frequency 

i m p o r t a n t  f e a t u r s  

the  p a t i 5 n t f  thus 
P 

is not - laportant. 

The c l i n i c a l  

h e a r i n g  l o s s  (Yeber a n d  Fu j i k a v a ,  1977 ) .  T h e  

is  ; h a t  m o t o r  r e s p o n s e s  a re  n o t  r e q u i r e d  of 

t h e  pa n i c u l a r  l e v e l  o f  c o g n i t i v e  f u n c t i o n i n g  
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use of t h e  BER i s  s t i l l  i n  i t s  i n f a n c y  a n d  a t  

t imes may be more confusing t h a ~  h e l p f u l .  For e x a m p l e ,  a  

c o s m o n l y  f o u n d  abnoraality i n  =he BER r e c o r d  i s  a  r e d u c t i o n  i n  

wave peak  a n ' p l i t u d e  a rd  a n  i n c r e a s e  i n  l a t e n c y .  However ,  t h i s  

is n o t  u n i y e r a l  s~nc-e -%S + g p i c a l l  y results i n  l a t e n c y  i n c r e a s e s  
-L 

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

l e s i o n s  may r e s u l t  in a a p l i t u d e  r e d u c t i o n s  a n d  n o  l a t e n c y  

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

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

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

CBS a n d  b r a i n s z e m .  

In g.enera1, :he electrode d e r i v a t i o n s  t h a t  h a v e  b e e n  u s e d  

t o  r e m r d  t h e  c o c h l e a r  AP a n d / o r  BER i n c l u d e  a c t i v e  e l e c t r o d e s  

in o r  2t: a )  t h e  t y r p a n i c  a e m b r a n e  ( C u l l e n  e t  a l . ,  1372;  a n d , .  

Pra't a n d  S o h n e r ,  1976)  ; b) tbe e x z e r n a l  a u d i t o r y  meatus 

(Zoats ,  1 3 7 0 ;  Saloaon a n d  E l b e i l i n g ,  1971;  and, B e g i l l  e t  a 1  ., 
1 3 7 5 )  ; c) -,he p r o n o c t o r y  ( P o r t m a n n  e t  a l . ,  1368;  Y o u ,  1368; 

a z d ,  Zggermont  et a l . ,  7 374 )  ; o r ,  d )  t h e  s c a l p  ( e .  g., v e r t e x ,  
- 



f o r e h e a d ,  n a s t o i d ,  e a r l o b e  and  n a s o p h a r y n x )  (Hecox and-: .  

Galambos,  1974:  Jewett e t  a l . ,  1370;  H a r t i n  a n d  C o a t s ,  1970; 

Sohmer and  F e i n m e s s e r ,  1367;  and,  T h o r n t o n ,  .1975). I n  a l l  

c a s e s ,  ,whe the r  r e c o r d i n g  t h e  c o c h l e a r  AP o r  t h e  BER, it is  

r e a s o n a b l e  t o  a s sume  t h a t  a l l  e l e c t r o d e  d e r i v a t i o n s  a r e  

r e c o r d i r g  t h e  same volume-conducted  p o t e n t i a l s .  

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

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

e x c e p t i o n .  Vert ical  c o n d u c t i o n  t h r o u g h  t h e  b r a i n  is 

a c c o m p l i s h e d  i n  a n  e a s i e r  manner t h a n  is  h o r i z o n t a l  c o n d u c t i o n .  

The r e c o r d e d  e lec t r ica l  a c t i v i t y  i s  a  c o m b i n a t i o n  o f  t h e  

a l g e b r a i c  summat ion  of t h e  volume c o n d u c t e d  p o t e n t i a l s  a t  e a c h  
A .  

e l e c t r d d e ;  and ,  t i e  d i f f e r e n c e  be tween  a n y  two e l e c t r o d e s  u h i c h  

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

t h e  c o n d u c t e d  c u r r e n t  must e n c o u n t e r  b e f o r e  r e a c h i n g  t h e  

r e s p e c t i v e  e l e c t r o d e s .  I n  t h e  CNS, t h e  a v e r a g e  d i e l e c t r i c  

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

n e i t h e r  i s o t r o p i c  n o t  homogenous. These  d i f f e r e n c e s  (which i n  
c\, 

o r t h o g a n a l  d i r e c t i o n s  c a n  d i f f e r  by  a f a c t o r .  o r  5  t o  10)  

ref lect  b o t h  t h e  g e o m e t r i c  a n d  a r c h i t e c t o n i c  o r g a n i z a t i o n  o f  

the CNS ( ~ o n d e y  a n d  Gaches ,  1377)  . I t  is, t h e r e f o r e ,  n o t  . 

s u r p r i s i n g  t h a t  t h e  v e r t e x  shows t h e  l a r g e s t  waveform ( S t r e l e t z  

et a l e ,  1977; and,  T e r k i l d s e n  et  a l . ,  1 9 7 4 ) .  

The e a r l o b e ,  m a s t o i d  and n o s e  have  been  f o u n d  t o  b e  a c t i v e  
.. - 

d u r i n g  a u d i t o r y  s t i m u l a t i o n  i n  humans ( P i c t o n  e t  a l . ,  1974; 



a n d ,  S t r e l e t z  e t  s l . ,  1977) , w h i l e  no  c e p h a l i c  i n d i f f e r e n t  

. p o i n t s  were f o u n d  . i n  t h e  r a t  ( P l a n t z  e t  a l . ,  1 9 7 4 )  o r  monkey 

( A l l e n  a n d  S t a r t ,  1 3 7 8 )  , t h u s  z h e  p l a c e m e n t  o f  t h e  l t r e f e r e n c e l @  

e l e c t r o d e  m u s t  a l s o  be c a r e f u l l y  c o h s i d e r e d .  P l a n t z  e t  a l .  

(1374)  s t u d i e d  t h e  effects  o f  moving t h e  r e f e r e n c e  e l e c t r o d e  t o  

a number  of s i t e s  a n d  c o n c l u d e d  t h a t  b o t h  t h e  p o s i t i v e  n a t u r s  

a n d  t h e  a c t u a l  form o f  the BER was d e p e n d e n t  o n  e l e c t r o d e  

p o s i t i o n .  I f  t h e  p e a k s  r e s u l t  f r o m  t h e  a c t i v i t y  of a number  of 

d i f f e r e n t  s o u r c e s ,  it may b e  d i f f i c u l t  t o  f i n d  o n e  l o c a t i o n  

t h a t  a d e q u a t e l y  r e s o l v e s  a l l  o f  them.  S i n c e  Smith  e t  a l e  

(1973)  a n d  i f a r t i n  a n d  Coats (1373)  h a v e  shown t h a t  t h e  

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

b e  more  r e a s o n a b l e  t o  r e c o r d  f r o m  a  number  of d i f f e r e n t  s i t e s  

if o n e  i s  t o  m e a s u r e  a l l  c o m p o n e n t s  o f  t h e  BER a d e q u a t a l y .  

T h i s  i s  p a r t i c u l a r l y  t r u e  s i n c e  P i c t o n  e t  a l .  ( 1 9 7 4 )  f o u n d  

t h a t  wave t u o  m i n i c s  a t r a n s v e r s e  h o r i z o n t a l  d ipo1 .e .  w h e r e a s  

wave three mimics b o t h  a  h o r i z o n t a l  a n d  a  v e r t i c a l  d i p o l e .  

T e r k i l d s e n  e t  a l e  ( 1 9 7 4 )  p r e s s n i o d  d a t a  t h a t  s u g g e ~ t  t h e  

- c o c h l e a r  m i c r o p h o n i c  i s  best r e c o r d e d  u s i n g  a - m a s t o i d /  

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

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

wave i s  best  r e c o r d e d  f rom a v e r t e x /  i p s i l a t e r a l  s i d e  o f  t h e  

n e c k  d e r i v a t i o n ,  C o a t s  and  H a r t i n  ( 1  977) h a v e  d e m o n s t r a t e d  

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

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

c $ a s s i c a l  v e r t e x  d e r i v a t i o n .  

BER PROBLEMS 

The B E R  is ,  a s  s u g g e s t e d  a b o v e ,  v e r y  s e n s i t i v e  t o  b o t h  

r e c o r d i n g  a n d  s + , i m u l u s  p a r a m e t e r s .  1 n  a d d i t i o n ,  t h e  way i n  

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

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

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

r e s e a r c h ,  p r o b l e m s  t h a t  would seem i m p o r t a n t  t o  c o n s i d e r .  The  

f o l l o w i n g  i s  a  l i s t i n g  o f  some t h a t  e i t h e r  make it d i f f i c u l t  t o  

c o m p a r e  b e t w e e n  s t u d i e s  /or r e s u l t  i n  some' q u e s t i o n  a s  t o  t h e  

a d e q u z c y  o f  t h e  f i n d i n g s .  

a )  s t i m u l u s  p r o b l e m s  

S t i m u l u s  p a r a m e t e r s ,  a t  times, a p p e a r  %o b e  a matter o f  

c o n v e n i e n c e  r a t h e r  t h a n  o n e  o f  d e s i g n .  T h e  p r o b l e m  arises when 

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

t h e  l i t e r a t u r e .  I f  t h e  s t i m u l u s  p a r a m e t e r s  are  d i s p a r a t e ,  w i th  
J 

no  f a c t u a  1 t h c l o r e t i c a l  r e a s o n  f o r  c o m p a r i s o n ,  e x t r a p o l a t i o n s  

mus t  be c a r e f u l l y  c o n s i d e r e d .  

The s t i m u l u s  a a y  b e  p r e s e n t e d  as a  c k  ( n o r m a l l y  v a r y i n g  

from 0 .05  msec t o  0 .5  msec o r  m o r e ) ,  a s  a  t o n e  b u r s t  d e s c r i b e d  

a s  a  c e r t a i n  rise t i n e  ( e .  , 4 . 5  asec) , f r e q u a n c y  ( i .e . ,  1000 



Hz),  a n d ,  d u r a t i o n ,  o r  a s  a f i l t e r e d  c l i c k  (i.e., 3000 Hz t o  

3600 Hz b a n d p a s s ) .  T h e  a m o u n t  o f  . v a r i a t i o n  among t h e s e  

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

h e a d p h o n e s ,  e a r p h o n e s  o r  s p e a k e r s  ( a  great dea l  of d i f f e r e n c e  

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

t h e  s o u n d  wave) , The I S 1  may v a r y  from more t h a n  1000 msec t o  

less t h a n  2 0  msec a n d  may b e  p r e s e n t e d  with f l x e d  i n t e r v a l s  o r  

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

s t i m u l u s  may be d e s c r i b e d  a s  a n y  ofie o f  t h e  many t y p e s  o f  dB, 

f r o m  dBs a b o v e  the s u b j e c t ' s  t h r e s h o l d  t o  a c o n s t a n t  s o u n d  

p r e s s u r e  l e v e l ,  a n d  may v a r y  f r o m  t h r e s h o l d  t o  9 0  dB o r  more .  

S t i ~ u l i  may be p r e s e n t e d  m o n a u r a l l y  ( t o  e i t h e r  ear)  o r  . 
b i c a u r a l l y ,  a n d  the i n i t i a l  movem-ent o f  t h e  d i a p h r a g m  may r e s u l t  

i n  either a r a r e f a c t i o n  o r  a c o n d e n s a t i o n  wave (many s t u d i e s  

h a v e  used a n  a l t e r n a t i o n  b e t w e e n  t h e  t w o  t o  e l i m i n a t e  e l e c t r i c a l  

t r a n s d u c e r  a r t i f a c t s ) ,  F i n a l l y ,  t h e  subject may b e  e i t h e r  

human o r  a n i m a l .  A l t h o u g h  a l l  of t h e s e  are  q u i t e  p r o p e r  

s t i ~ u l u s  p a r a m e t e r s ,  com p r i s o n  b e t w e e n  p a r a m e t e r  c o m b i n a t i o n s  

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

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

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

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

s o ~ a u r a l ,  t o  w h i c h  s i d e ,  e t c .  



b) r e c o r d i n g  p r o b l e m s  

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

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

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

f i l t e r  s e t t i n g .  I n  m o s t  r e c o r d i n g s ,  t h e  BER h a s  a s l o w  

c o m p o n e n t  ( 3  msec < f r e q u e n c y  > 1 0  msec), a  c o m p o n e n t  t h a t  some 

feel- be e x t r a n e o u s  t o  t h e  BER a n d ,  t h e r e f o r e  f i l t e r  it o u t  

( i . e . ,  s e t  h i g h p a s s  f i l t e r s  g r s a t e r  t h a n  100 Hz) . T h i s  r e s u l t s  

i n  a n  G ~ V ~ O U S  c h a n g e  i n  a m p l i t u d e  m e a s u r e s  (see T i g u r e  6 )  

a#, q u i t e  p o s s i b l y ,  l a t e n c y  m e a s u r e s .  The BER i s  composed o f  

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

p e a k - t o - p e a k ,  t h e r e f  cre, t o  r e s o l v e  t h i s  waveform a d e q u a t e l y  by 

u s e  o f  an  A - D  c o n v e r t o r ,  t h e  l o w p a s s  s e t t i n g  s h o u l d  i n c l u d e  

1000 Hz, a n d  t h e  s a m p l i n g  time p e r  p o i n t  mus t  d o u b l e  t h i s  

f r e q u e n c y  ( i .e . ,  5 0 0  u s e c )  . A s  o n e  a t t e t n p t s  t o  r e s o l v e  moro 

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

t i a s  must  a l s o  b e  c h a n g e d .  1t s h o u l d  b e  remembered  t h a t ,  

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

the p h a s e  o f  a 1000 Hz s i g n a l  Is n o t  t h e  s a m e  when s u b j e c t e d  t o  

a b a n d p a s s  o f  10-3000 Hz a s  i t  i s  when s u b j e c t e d  t o  one  o f  

300-10,000 Hz. Again ,  a s e r i o u s  p r o b l e m  is t h e  f a i l u r e  t o  

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

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

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



EFFECT OF LOU-FREQUENCY 
FILTER ON THE BER 



1 )  Amadeo and  S h a g a s s  (1373)  10-80,000 Hz b a n d p a s s ,  31 .25  

u s e c  p e r  p o i n t ;  low p a s s  f i l t e r  s h o u l d  have  been  set  t o  

16 ,000  Hz. 4 

2)  Buchwald and  Huang (1375)  30-3 ,000  Hz b a n d p a s s ,  n o  A-D 

i n f o r m a t i o n ,  

3 )  G o l d e n b e r g  and  D e r b y s h i r e  (1975)  10-3,000 Hz b a n d p a s s ,  

200  u s e c  p e r  p o i n t ;  low p a s s  f i l t e r  s h o u l d  have  been s e t  

t o  2,500 Hz, 

4 )  Hecox (1374) no i n f o r m a t i o n .  

5 )  Por tmann and  Bran (1371)  1-30,000 Hz b a n d p a s s ,  100  usec 

p e r  p o i n t ;  low p a s s  f l l t e r  s h o u l d  h a v e  been  s e t  t o  5 ,000  

Hz. 

6 )  Salamy and McKean (1976)  10-10,000 Hz a n d  30-10,000 Hz; 

no A - D  i n f o r m a t i o n .  

7 )  Sohmer a n d  S t u d e n t  (1378)  250-5,000 Hz b a n d p a s s ,  no A-D . 

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

8)  T e r k i l d s e n  e t  a l .  ( 1974)  0.5-4,500 Hz b a n d p a s s ,  n o  A-D 

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

3 )  T e r k i l d s e n  ~t a l .  (1377)  200-4,500 Hz b a n d p a s s ,  no A-D 

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

10) U i e d e r h o l t  et a l .  (1977)  ; no i n f o r m a t i o n .  

E l e c t r o d e  p o s i t i o r  d o e s  n o t  a p p e a r  t o  be  a s e r i o u s  problem 

s i n c e  the ~ a j o r i t y  of s t u d i e s  h a v e  u sed  a v e r t e x / m a s t o i d  

d e r i v a t i o n ,  However, with t h e  i n c r e a s e d  a w a r e n e s s  of c e p h a l i c  

a c t i v e  ' r e f e r e n c e '  sites, a n d  t h e  use of f o r e h e a d -  h a i r l i n e  



active e l e c t r o d e s  i n  c l i n i c a l  s e t i i n g s ,  t h i s  n a y  become  a 

~ r ~ b l e n  i n  the f u t u r e .  

C) m e a s u i E a e n t  p r o b l e a s  

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

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

measures, on t h e  o t h e r  h a n d ,  v a r y  c o n s i d e r a b l y :  

1)  h m a a e o  a n d  S h a g a s s  '( 1373)  ; a m p l i t u d e  was m e a s u r e d  i n  uV 

b e t w e e n  an e s t i n a t e  of s h e  i s o e l e c t r i c  l i n e ,  a s  

d e t e r m i n e d  from t h t  b a s s l i n e  p r e c e d i n g  the s t i m u l u s  

mark .  L a t ~ n c y  was a e a s u r e d  as  tims t o  p e a k  a f r e r  the 

e a r p h o n e s  were s t i m u l a t e d .  

2 )  G o l d e ~ l b e r g  and  D s r b y s h i r e  ( 1 3 7 5 )  ; a Z-score f o r  each 

p o i n t  was d a t e r m i n e d  by o b t a i n i n g  an  a v e r a g e  o f  7 0 0  

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

the mean o f  the p o i n t s  sarnplsd p r i o r  t o  t h e  s t i m u l u s ,  

and ,  d i v i d i n g  t h i s  d i f f e r e n c e  b y  t h e  SD o f  the d i s t r i -  

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

Buang  a n d  B u c h u a l d  ( 1 3 7 8 ) ;  a m i d - p o i n t  a m p l i t u d e  was 

u s e d  b e t w e e n  t h e  rising a n d  the f a l l i n g  ~ h a s e  o f  e a c h  

c o m p o n e n t  a s  a n  a v z r a g e  m e a s u r e  o f  p e a k - t o - p e a k  

a m p l i t u d e ,  

P i c t o n  a n d  H i l i y a r 3  (1374)  ; a b a s e l i n e  was d e t e r m i n s d  

from t h s  f i r s t  0 . 5  a s e c  o f  t h e  r e s p o n s e  a n d  e x t e n d e d  

t h r o u g h  the s u c c e e d i n g  e v o k e d  p o t e n t i a l  corn   on en t s .  I f  



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

of s t i m u l u s  a r t i f a c t  c o n t a m i n a t i o n ,  a n  a r b i t r a r y  base- 

l i n e  was d r a w n  a t  t h e  m i d p o i n t  b e t w e e n  t h e . .  t r o u g h s  
- - 

f o l l o w i - n g  wave one a n d  two. 

5 )  P o r t n a n n  a n d  B r a n  ( 1 3 7 1 )  ; f o r  t h e  a m p l i t u d e ,  a l i n e a r  

scale was used, e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  maximum 

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

6 )  R o b i n s o n  a n d  Rudgo ( 1 9 7 7 ) ;  a m p l i t u d e  o f  wave c o m p o n e n t s  

two,  t h r e e ,  s i x  6nd s e v e n  were m e a s u r e d  t o  t h e  p r e c e d i n g  

u p g o i n g  p e a k ,  a n d  t h a t  of c o m p o n e n t  f i v e  t o  t h e  u p g o i n g  

p e a k  p r e c e d i n g  wavs f o u r .  The a m p l i t u d e  o f  wave o n e  was 

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

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

t h e  c l i c k  t o  t h e  downgoing peak  o f  e a c h  c o m p o n e n t .  

7)  aowe ( 1  978) ; a m p l i t u d e  o f  wave f i v e  was m e a s u r e d  f r o m  - 

t h e  p o s i t i v e  p e a k  o f  wave f i v e  t o  t h e  f o l l o w i n g  n e g a t i v e  . 

t r o u q h .  

8 )  Sohmsr  a n d  S t u d e n t  ( 1 3 7 8 )  ; C T  l a t e n c i e s  were 

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

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

the r e s p o n s e  f r o m  t h e  i n f e r i o r  c o l l i c u l u s .  

3 )  T h o r n t o n  a n d  Ha wkoc (1976)  ; p e a k - t o - p e a k  a m p l i t u d e  was 

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

p e a k  t o  t h e  s u c c e e d i n g  p o s i t i v e  p e a k .  



t 

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

l.t i s  q u i t e  p r o b a b l e  t h a t  m o s t ' r e s e a r c h  i s  p l a g u e d  w i t h  

o n e  o r  more m e t h o d o l o g i c a l  p r o b l e m s .  Whether  t h e s e  p r o b l e m s  

a r e  i m p l i c i t l y  o r  e x p l i c i t l y  s t a t e d ,  o r  n o t ,  i t  i s  i m p o r t a n t  - 
3 

t h a t  BER r e s e a r c h  b e  r e a d '  f r o m  a  q u e s t i o n i n g  p o i n t  o f  v iew.  
-2 

F o l l o w i n g  a r e  e x a m p l e s ' o f  t h e  t y p e  of p r o b l e m s  t h a t  may be 

e n c c u n t e r e d  : 
m 

1) Amadeo a n d  S h a g a s s  (1973) ; t h e  p a r a m e t a r s  u s e d  i n  t h i s  . 
s t u d y  r e s u l t  i n  a waveform i n  which wave f o u r  o r  wave f i v e  i s  

/ 

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

p r o b l e m ;  h o u e v e r ,  t h e y  l a b e l l e d  i s  p e a k  a s  wave f o u r .  Many , 
,+ 

s t u d i e s  h a v e  shown p e a k  f i v e  t o J ' b e  p r e s e n t  e v e n  i n  t h e  a b a e n c e  
, ' 

o f  p e a k  f o u r .  
1 

2 )  Huang a n d  Buchwald  ( 1 9 7 7 ) ;  t h e s e  w o r k e r s  d e t e r m i n e d  t h e  

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

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

v a r i e d  frcm 500 Hz t o  1 0 , 0 0 0  Hz. They r e p o r t  t h a t  t h e  

l a t e n c i e s  d i d  nlot d c i f f e r  s i g n i f i c a n t l y  (wave t w o  +/ -  0.4  msec, 

wave th ree  +/- 0 . 3  msec, wave f o u r  +/- 0.4  msec, a n d  wave f i v e  

+/- 0.4 msec). T h i s ,  t h e y  s u g g e s t ,  i n d i c a t e  t h e  p r e s e n c e  o f  

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

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

t h e  number  o f  r e p o r t s  s u g g e s t i n g  t h a t  t h e  BER i s  s e n s i t i v e  t o  

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

would  n o t  ' b e  e x p e c t e d  t o  v a r y  a  g r e a t  d e a i ' s i n c e  t h e  o n s e t  o f  a  



1 0 , 0 0 0  Hz t o n e  b u r s t  t o  its first p e a k  i s  l e s s  t h a n  0 . 5  msec 

fas te r  t h a n  a 5 0 0  Hz t o n e  b u r s t .  

& 3) P l a n t z  e t  a l .  ( 1 3 7 4 )  ; t h i s  v e r y  c o m p l e x  s t u d y  o f  t h e  

v o l u m e  s p r e a d  o f  B E R  c o m p o n e n t s  o v e r  t h e  sca lp ,  b a s e d  i t s  

r e c o r d i n g  p a r a m e t e r s  o n  a  t h e o r y  o f  P l o n s e y 8 s  (1963)  . T h i s  

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

t i s s u e  a r e  e s s e n t i a l l y  r e s i s t i v e  u p  t o  f r s q u e n c i e 3 '  of  1 0 , 0 0 0  

HZ. S i n c e  t h e y  were s a m p l i n g  a t  a  r a t e  o f  1 0 0  u s e c  p e r  p o i n t ,  

t h e y  c o n s i d e r e d  t h a t ,  i n  terms o f  S h a n n o n ' s  s a m p l i n g  t h e o r e m ,  

t h e y  o n l y  r e t a i n e d  i n f o r m a t i o n  t o  5 , 0 0 0  Hz, well b e l o w  

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

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

t d  a c h a n g e  i n  d i p o l e  o r i e n t a t i o n  a n d  n o t  co t h e  e l e c t r i c a l  . 
p r o p e r t i e s  o f  t h e  c o n d u c t i n g  t i s s u e .  P l o n s e y ,  h o w e v e r ,  o n l y  

c o n s i d e r e d  l u n g ,  f a t t y  t i s s u e ,  l i v e r  a n d  h e a r t  m u s c l e :  n o t  CNS 
9 

t i s s u e .  I n  a d d i t i o n ,  n o w h e r e  i n  h i s  w r i t i n g s  d o e s  o n e  f ix id  a n y  

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

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

non-homogenous  o r g a n i z a t i o n  of t h e  b r a i n  ( C l a r k  a n d  P l o n s e y ,  

1 3 6 8 ;  C l a r k  a n d  P l o n s e y ,  1 3 7 0 ;  C l a r k  a n d  P l o n s e y ,  1971:  H e p p n e r  

a n d  P l o n s e y ,  1370 ;  a n d ,  P l o n s e y ,  1969 )  . S i n c e  t h e y  set  t h e i r  

l o r  p a s s  f i l t e r s  a t  10 .00b Hz a n d  s a g p l e d  a t  1 0 , 0 0 0  Hz, 

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

c o n t a m i n a t i o n  by  a i i a s  f r e q u e n c i e s .  , 



. ~ 

4 )  R o b i n s o n  acd E u d g e  (1375) ; t h e s e  w o r k e r s  state: 

n e s t i n a c e s  o f  z m p l i t u d e  aqd  l a t e n c y  a r e  made a t  the 
turning-points of t h e  e v o k e d  p o t e n t i a l  w a v e f o r m  which 
merely reflect t h e  p o i a t  of maximum s y n c h r o n i z a t i o n  of 
many in=eractir g  f i b e r s e f l  

  his is s i r s tp ly   or, p r o v e n .  A s  stated a b o v e ,  t h e  p c s s i b l e  

causes of a p a r t i c u l a r  p e a k ,  c o r s i d e r i n g  t h e  s t a t e - o f - t h e - a r t ,  

is i c f i n i t e  (or  a l t o s ?  so). 
B 

5)  S h a h  e: a;. 1 1 3 7 8 )  ; :hay b e g i n  w i t h  t h e  p r e m i s e :  

" t h e r e  i s  now L i t t l e  d o u ~ t  t h a t  b r a i n  stel a c t i v i t y  can 
be r e l i a ~ l y  r e c o z d e d  f r o g  t h e  s u r f a c e  of t h e  s c a l p  i n  
animal and maE, and t h a t  tha v a r i o a s  u a v e s  w h i c h  make u p  
t h e  complex * f a r - f i e l d t 1  r e s p o n s e  o r i g i ~ l a t e  p r i f n a r l l y  
from spa53lly ssparare s t r u c t u r e s  ic $ h e  classical 
a u d l t o r y  syszen . . . a l t h o u g h  i t  was s u g g e s t e d  t h a t  some 
wavfs a r i s s  fro a activazion of multiple local g e n e r a  t o r s  
in algebraic s u n m a t i o n  ( A c h o r ,  1 9 7 6 ;  Jewett ,  1 3 7 0 )  :here 
i s  no question t h a t  they r e p r e s e n t  5 i f f e r e n t  levels  of 
brain S:O,B i ~ t e g r a t i o n  ( M i e d e r h o l t  et a l . ,  1377 )  . & l  

i i ' l e a e r h o l t  e t  1,1. ( 1 3 7 7 ) ,  h o w e v e r ,  o n l y  s t u d i e d  t h r e e  p a t i e n t s ,  

w i t h  c l i n i c a l  e v i d e r c e  o f  ce~trai pontlne s y e l i s o l y s i s ,  one of 

v h o ~  died of c o s p L i c a z i c n s  of :he p a t h o l o g y .  8 Z R s  were 

, r e c o r d e d  from 3ziy two p a t i e 3 t s  f r o 3  w h i c o  thsy c o ~ c l u a e d  r h a t  

5 i e  uaveforms i n d l c a t e t  an lmpairsent of  f u n c : ~ c r  i n  t n e  

a u d i t o r y  p o n t i r e  pa thway ;  s soneuhat  h a z a z d o u s  concfnsion 

corsldezing their s a ~ p i o  size. 



CHAPTER THREE 

B I l i b U B A L  I H T E R A C T I O N  I N  THE C B S  

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

of b i n a u r a l  s i g z a l s  was l o p e d  by  von B e k e s y  ( 1  330) . 
"Be c o n c e i v e d  o f  In t h e  CNS t h a t  r e c e i v e s  
i n p u t s  from t h e  t v o  sides. The " c h a r a c t e r i s t i c  o f  
d i r e c t i o r n  arises when i a p u l s e s  f r o m  o n e  s i d e  f l t u n e  up 
t h e  c e l l s  t h e r e n  t o  t h a t  p a r t i c u l a r  s i d e .  I f  " a l l  t h e  
c e l i s H  a r e  a c t i v a t e d  b y  s t i m u l a t i o n  p r e s e n t e d  t o  o n e  
e a r ,  t h e n  + h e  s o u n d  i s  j u d g e d  t o  b e  i n  t h e  e x t r e m e  
l a t e r a l  p o s i z i o n .  Uhen t h e '  two s o u n d s  a r e  a p p l i e d  . 
s i m u l t a n e o u s l y ,  t h e  t w o  w e x c i t a t i o n s n  f a l l  i n  t h e  m i d d l e  
of the c e l l  g r o u p ,  t h e  r r a n s ~ i s s i o n  o f  e x c i t a t i o n  s t o p s ,  
a n d  t h e  c e l l  g r o u p  c a n  t r a n s m i t  i t s  d i r e c t i o n a l  r e l a t i o n  
t o  a h i g h e r  l e v e l l *  ( E r n l k a r ,  13721,  S 

r t  a  v e r y  s i m p l e  l s v e l ,  l o c a l i z a t i o n  o f  s o u n d  i n  space (or  

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

a n a l y s i s  o f  t h e  d i f  fersnce-i---d: i n t e n s i r  y o f  d i c h o t i c  (or  
i 

,' 

d i o t i c )  s t i m u l i  ( H S , " ~  37 1 )  . In '  a g e n e r a l  s e n s e ,  l o v -  

f r e q u e n c i e s  (< 15OO Hz) a re  l o c a t e d  by d i s p a r i t i e s  i n  time, 
F 

riiie h i q h - f r e q u e n c i e s  (> 1500 Hz) are  l o c a t e d  by  d i s p a r i t i e s  
/ 

/ 

i z i  i n t e n s i t y  ( J e f f z e s s ,  1 3 7 5 ) .  T h e  p r o c e s s e s  f n v o l v e d  are n o t  
/ 

quic , e  s o  C m p l e ,  h o w e v e , ,  s i n c e  t h e  C B S  h a s  been s h o r n  a b l e  t o  
/ 

o f  t h e  



stimulus waveform when t h i s  e n v e l o p e  c o n t a i n s  o n l y  h i g h  

f r e q u e n c i e s  ( J e f f r c s s ,  1 9 7 5 ) ;  and,  w i t h  h e a d p h o n e s .  d i f f e r e n c e s  

i n  i n t e n s i t y  may b e  d e z e c t e d  e v e n  fo r  l o w - f r e q u e n c i e s  (Mills. 

1360) . J ~ f f r o s s  c o n c l u d e d  t h a t  there  a re  two CILS m e c h a n i s m s  

o p e r a t i n g :  a )  u n i t s  t h a t  p h a s e l o c k  t o  t h e  s t i m u l u s .  f i r i n g  a t  - 
p a r r i c u l a r  p o i n t s  i n  t h o  s o u n d - c y c l e ;  and .  b) u n i t s  whose 

- 

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

of :he f r e q u e n c y .  IT is i m p o r t a n t  t o  make t h e  d i s t i n c t i o n  

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

p' n e u r ~ p h g s i c a l  p r o p e r t i e s  o f  t h e  CAS.  H h e r e a s  b o t h  time and  

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

p o t e n t i a l s  ( D e a t h e r a g e  a n d  E i r s h .  1359; and.  B a l l m a n ,  1977) . 
o n c e  i n i t i a t e d ,  l o c a l i z a t i o n  i s  e n t i r e l y  d s p e n d e n r  o n  t h e  

n e u r a l  i n t e r a c t i o n s  o f  t e m p o r a l  p a t t e r n s .  The l o c i  of  these 

i ~ t e z a c t i o n s  a p p e a r  t o  be  s p r e a d  t h r o u g h o u t  t h e  CAS 

( ~ o s e n z r e i g ,  1361)  , a s  s u g g e s t e d  b y  t h e  f o l l o w i n g :  

A) I n t e z a c t i o n s  a t  the l e v e l  of rhe  Cochlea 

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

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

s t i r u l a t i o r .  o f  t h e  c o r t r a l a t e r a l  e a r ,  may i n f l u e n c e  a f f e r e n t  

a c t i v ~ t y  ( G u l i c k .  1 3 7 1 ) .  G a l a n b o s  a t  a l .  (1950)  were ab le  ts 

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

c a z s ,  a l t h o u g h  t h e  u r i m a l  t r a n s m i s s i o n  time (1  . Z S  ~ s e T a s  

zoo l o n g  f o r  t h e  m e d i z r i o n  o f  l o c a l i z a t i o n  i n  nost c a s e s  ' \  



( u z l s h ,  1357)  . No e v i d e n c e  f o r  a n  e q u i v a l e n t  p a t h  way h a s  b e e n  

shown i n  humans.  

B) I n t e r a c t i o n s  a t  the l e v e l  of t h e  C o c h l e a r  N u c l e u s  

The second p o s s i b l e  s i t e  is  t h a t  o f  t h e  CN, a l t h o u g h  
0 

G u l i c k  ( 1 9 7 1 )  s t a t e d  t h a t  no. b i n a u r a l  i n t e r a c t i o n  h a s  been 

o b s e r v e d  a t  this l e v e l .  Rasmussen (1960)  d e s c r i b e d  c o n n e c t i o n s  

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

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

c o o t r a l a t e r a l  V C 8 ,  T h u s ,  a d i rec t  l i n k  does e x i s t  b e t w e e n  t h e  
L 

two VCH via a c h a i n  e n c o m p a s s i n g  o r l y  t w o  s y n a p s e s .  S i m i l a r l y ,  

Has? (1371)  s h o v e d  t h a t ,  i n  C h i n c h i l l a s ,  b i n a u r a l  i n t e r a c t i o n  

c a n  take p l a c e  a t  t h e  level o f  t h e  D C I ,  m e d i a t e d , '  p r e s u m a b l y ,  
\ 

by c e n t r i f u g a l  p a t h w a y s ,  Pfalz ( 1 3 6 2 )  showed t h a t  d e a f f e r e n t e d  

C B  c e l l s  ar-e i n h i b i t s d  (never e x c i t e d )  b y  a u d i t o r y  s t i m u l a t i o n  

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

t h i s  i n t e r a c t i o n  r e m a i n s  ~ b s c u r e .  

C)  I n t e r a c t i o n  a t  the l s v e l  o f  the S u p e r i o r  Olivaery Complex 
C 

The SOC h a s  b e e n  t h e  most  s t u d i e d  i n  t e r B s  o f  t h e  
t - 

l o c a l i z a t i o n  of s o u n d s  i n  s p a c e ;  i t  is p r o b a b l y  t h e  l o v e s t  

l e v e l  o f  f u n c t i o n a l l y  significant b i n a u r a l  i n t e r a c t i o n  

I ? f ~ o s h e g i a n  e+ a i ,  , l 3 7 2 ) ,  SOC c s l l s  r e c e i v e  s h o r t - l a t e n c y  

i a p u t s  f r o a  t h e  Cbi (Brnggl a n d  Geisler, 1 3 7 8 ) ,  a n d  r e s p o n d  \ 

/ 
d i f  f e r e 3 t i a l l p  to dichot ic clicks ( H a l l ,  1365; a n d ,  Mousheg ian  



e t  a l . ,  1 9 6 4 ) .  U 3 u s h e g i a n  (1371 ;  i n  J e f f r e s s ,  1977) h a s  shown, 

I n  a g r e e m e n t  w i t h  Jeffress ,  t h a t  t h e  SOC c o n t a i n s  two g r o u p s  o f  

f i b e r s ;  o r e  whose f i r i n g  r a t e  is  c o m p l e t e l y  d e t e r m i n e d  by t h e  

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

d e z e r m i n e d  by t h e  d i f f e r e n c e  i n  l e v e l  b e t w e e n  s t i m u l i ,  

i n d e p e n d e n t  cf f r e q u e n c y .  

1) The L a t e r a l  S u p e r i o r  O l i v e  (S-Segment)  

W i t h i n  t h e  S - s e g m e n t ,  B o u d r e a u  a n d  T s u c h i t a n i  ( 1968)  h a v e  

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

f r e q u e n c i e s  (CP) b e l o w  1000 Hz, c o n t r a l a t s r a l ,  s i m u l t a n e o u s  

s t i m u l a t i o n  w i l l  L n h i b i '  t h e  m a j o r i t y  o f  c o l l s .  B o t h  t h e  

c o r - t r a l a t e r a l  and F p s i l a t e r a l  C P g s  t e n d  t o  be t h e  same,  and  a r e  

t o n i c a l l y  a c t i n g .  The AP o f  t h e  S-segment  i s  n o t  a  f u n c t i o n  o f  
tp 

t h e  a b s o l u t e  s t i a u l i  i n t e n s i t y ,  b u t  r a t h e r  t h e  r e l a t i v e  \ 

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

2 )  The M e d i a l  S u p e r i o r  O l i v e  ( A c c e s s o r y  H u c l e u s )  

On t h e  b a s i s  o f  a n a t g m i c a l  d a t a  ( S t o t l e r ,  1 3 5 3 ) ,  

p h y s i o i o g i c a l  d a t a  ( E n  B e r g e i j k ,  1 9 6 2 ;  Galambos  e t  a l . ,  1359 ;  

Monshfg ian  e t  a l ,  , 1364;  3 c d ,  T s u c h i t a n i  a n d  B o u d r e a u ,  1 9 6 4 ) ,  

a ~ d  b e h a v i o u r a l  d a t a  ( B a s t e r t o n  e t  a l . ,  1 3 6 7 ;  a n d ,  M a s t e r t o n  e t '  

a .  1 3 6 8 ) ,  t h e  a e d i a l  s n p e r i o r  o l i v e  (MSO) h a s  been  i m p l i c a t e d  

i n  t h e  l o c a l i z a t i o n  o f  s o a n d s  i n  s p a c e .  P r e q u e n t i y  r e g a r d e d  a s  
4 

a ~ u c l e u s  whoss  maic fane-ion 2s t o  e n c o d e  i n t e r a u r a l  time 

d i f f e r e n c e s  (Bruggs a n d  Geisier, 1378 ;  G a l a n b o s  e t  a l . ,  1353 ;  

Goldberg a n d  Brown, 1 3 6 3 ;  3 a s t e r t o n  e t  a l . ,  1 3 6 7 ;  a n d ,  
-7 



H a s r e r t o n  e t  a l . ,  1 968) , t h e r e  1s c o n s i d e r a b l e '  e v i d e n c e  

p o i n t i n g  t o  i ts  r o l e  i n  t h e  e n c o d i n g  o f  i n t e n s i t y  d i f f e r e n c e s  

a s  well ( G u l i c k ,  1 3 7 1 ;  H a l l ,  1365; H ind  e t  a l . ,  1363; a n d ,  

R o r d e n  e t  a l . ,  1 9 6 6 ) .  T h e  a c t i v i t y  o f  t h e  MSO units show, i n  

fact, t h e  e x p e c t e d  c a n c e l l a t i o n  o f  time and  i n t e n s i t y  t r a d e s .  

T h e  MSO r e c e i v e s  s y n r a e t r i c a l  a n d  e q u a l  i n n e r v a t i o n  from a 
t h e  CW; these t e r m i n a t i n g  o n  t h e  o p p o s i t e  s i d e s  o f  t h e  same 

c e l l  ( G u l i c k ,  1971) . S t o t l e r  ( l353) ,  i n  c a t s ,  s h o w e d  t h a t  PISO 

c e l l s  have t w o  l a r g e  d e n d r i t e s  t h a t  e x t e n d  a p p r o x i m a t e l y  2 0 0 u  

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

c o n t r a l a t e r a l  CB r e a c h  t h e  medial d e n d r i t e s ,  while projections 
. 

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

p o l a r i t y  exists b e t  ween CB i n p u t s .  When a p a r t i c u l a r  d i c h o t i c  

s t i a u l a t i o n  r e s u l t s  i n  a c o n v e r g e n c e  o f  C N  inputs o n  o n e  HSO 
, 

ce l l ,  t h e  c e l l  f i r 6 s  ~ a x i r a a l l y ,  Bs t h e  l o c u s  of t h e  stimulus 

c h a n g e s ,  t h s  inputs do n o t  c o n v e r g e  a n d  t h e  c e l l  firing rate 

d e c z e a s e s .  F o r  some o f  the BSO c e l l s ,  t h e  b e s t  i n t e r a u r a l  t i n e  

d e l a y  i s  f r e q u e n c y  i n d e p e n d e n t  ( H o u s h e g i a n  e t  a l . ,  l 3 7 l ) ,  t h u s  

they are a b l e  t o  d e c o d ~  and  e n c o d e  i n f o r m a t i o n  from a complex 

low-frequency sound s o u r c e ,  I n  a d d i t i o n ,  t h e  p r e s e n c e  o f  a 

population o f  such cells s u g g e s t s  that t h e  HSO involves a p lace  
* 

t 

i e char i i sa  f o r  t h i s  d e c c d i n g / e n c o d i n g  ( G o l d b e r g  and Brown,  1369; 

m.d, Rcse et ai,, 1 3 6 6 )  , a l t h o u g h  it is common i n  CHS s e n s o r y  
- 

s y s z e m s  t o  f i n 3  t o p o g r a ~ h y  pzeserve3 In successive p o p u l a t i o n s  

c f  z e u r o c s ,  i n  t ~ i s  czse  :he CHS r e p r e s e n t a t i o ~  of l o u -  



2 

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

i n t e r a c t i o n s  a t  t h e  l e v e l  o f  t h e  HSO, 
, 

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

intervals w h i c h  a re  t h e  same as,  o r  m u l t i p l e s  o f ,  t he  s t i m u l u s  

p e r i o d  ( D e a t h e r a g e  and  Hirsh, 1953) . Galambos e t  a l .  (1959)  

found  a  s l o w  wave c o m p o n e n t  o f  t h s  dSO B P S  This slow wave was 

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

t o  t h e  nso, when c o n t r a l a t e r a l  s t i m u l i  were p r e s e n t e d ,  and  

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

e x p i a n a t i o n  fo r  this phsnomeno~; was tl@t c o n t r a l a t e r a l  

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

d  d f i t e s ,  w h i l e  i p s i l a t e r a l  s t i m u l a t i o n  r e s u l z s  i n  p a r t i a l  9- 
d e b o l a r i z a t i e n  cE rhe i a t e r a l  d e n d r i t e s .  S i n c e  t h e  c a l l  body 

z c t s  a s  a  sink, t h e  r e c o r d e d , u a v e  f o r  t h e s e  two t y p e s  of 

s t i m u i a r - i o n  would h a v e  o p p o s i t e  p o l a r i ' c i e s .  T h i s  phenontenon o f  

phzse  r e v e r s a l  i3 rhe region of t h e  SOC h a s  b e e n  r e p o r t e d  b y  

o t h e r s  ( M o u s h o g i a n  e t  a l . ,  1 3 6 4 ;  H a l l ,  1365; a n d ,  ~ s u c h y a n i  

a d  B o u d r e a u ,  1364), a r d ,  w i t h  a n i t a a l s ,  i s  u s e d  a s  a n  i n d i c a t o r  - 
t h a t  d e p t h  e l e c t r o d t s  a r e  w i t h i n  t h e  v l c i n i t y  o f  t h e  HSO. The 

slcw wave p a t t e r r  h a s  been shown t o  be  d i s t i n c t l y  d i f f e r e n t  a t  

each p o i c t  w i t h i n  ?he YSO,  aria t o  c h a n g e  d e p e n d i n g  upon w h e t h e r  

:he s t i m u l i  ax? r a r e f a c t i o r  o r  c o a d e n s a t i o n  c l i c k s  ( G a l a ~ b Q s  e t  

?he a b o v e  d i s c r i p ~ i o n  o f  &SO f u n c t i o n i n g  i s  a good  f i t  t o  

2 t k s o z y  cf J e f f z ~ c s  ( 1 3 4 8 )  i n  which h e  s u g g e s z e d  t h a t  



i n t e r a u r a l  time d i f f e r e n c e s  may be  d e c o d e d  a s  a d i f f e r e n c e  i n  

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

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

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

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

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

i n t e r a u r a l   ti^^ p a r a m e t e r s .  Each ce l l  f u n c t i o n s  a s  a  

c o i n c i d e n c e  d e t e c t o r ;  L_hus, a d i f f e r e n c e  i n  n e u r a l  c o n d u c t i o n  

time is represented  as  a difference i n  p l a c e .  It is  n e c e s s a r y  

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

s i m u l t a n e o u s  e x c i t a t i o n  f rom t h e  t w o  sides,  h o w e v e r ,  t h i s  mode l  

e a s i l y  h a ~ d l e s  b o r h  t e ~ p o r q l  a n d  i n t e n s i t y  d i s p a r i t i e s .  

B i n a u r a l  b e a t s ,  c o n s i d e r e d  t o  b e  a n  i n d i c a t i o n  t h a t  t h e '  

CAS p r e s e r v e s  i n f o r m a t i o n  a b o u t  s t i m u l u s  p h a s e ,  are a lso  l i k e l y  

t o  r e s u l t  from a f u n c t i o n  o f  t h e  4SO ( H e r n i c k  a n d  S t a r r ,  1968 ) .  

Using ,a s u b t r a c t i o n  method t o  d e t e r m i n e  b i n a u r a l  i n t e r a c t i o n  i n  

t h e  S O C  o f  cats, these r e s e a r c h e r s  f o u n d  t h a t  when t o n a l  s t i m u l i  

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

e q u a l  t o  the f r e q u e n c y  d i f f e r e n c e  b e t w e e n  the two t c n e s  

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

-he d i f f e r e n c e  b e t w e e n  t h e  f r e q u e n c i e s  of  t h e  s t i m u l i  

p r e s e n t e d ,  



D )  _ I n t e r a c t i o n s  a t  t h e  l e v e l  of t h e  I n f e r i o r  C o l l i c u l u s  

Nauman ( 1358, i n  Endo, 1976) p r e s e n t e d  e v i d e n c e  s u g g e s t i n g  

l i t t l e  o r  n o  b i n a u r a l  i n t a r a c t i o n  a t  t h e  l e v e l  of t h e  IC o r  

above.' The I C  a p p e a r s  however ,  t o  h a v e  a p r i l a a r p  f u n c t i o n  i n  

the p r o c e s s i n g  o f  i n t e r a u r a l  time d i f f e r e n c e s ,  which is  

c o n s i s t e n t  with i t s  direct l i n k s  w i t h  t h e  MSO, E r u l k a r  (1359)  

f o u n d  6 0 %  o f  h i s  s a m p l e d  c e l l s  h a d  l a t e n c i e s  d e p e n d e n t  on t h e  

a z i m u t h  o f  t h e  s o u n d  s o u r c s .  , S i m i l a r l y ,  Rose  e t  a l .  (1966)  

f o u n d  ce l l s  i n  t h e  IC of c a t s  whose r a t e  of f i r i n g  c h a n g e d  a s  a 

f u n c t i o n  of i n t e r a u r a l  time d i f f e r e n c e ,  N e l s o n  a n d  E r u l k a r  

CL (1363)  f o u n d  g r o u p s  o f  cells t h a t  e i t h e r  c h a n g e d  t h e i r  PSP 

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

Y s t i n u l a t e d .  T h s y  a l s o  f o u n d ,  by c h a n g i n g  the time d e l a y  o f  

d i c h o t i c  s t i m u l i ,  t h a t  ths i o p u t s  c o u l d  be  made t o  i n t e r a c t  

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

B I N A U R A L  I H T E B B C T I O B S  REPRESENTED I8 THE BEB - 

I f  t h e  BER wave p e a k s  do r e p r e s e a t  t h e  a c t i v i t y  of 

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

i n  t h e s e  nuclei shonld be represented i n  t h e  r e c o r d e d  BER, 

given t h a t  t h e s e  L n t e z a c t i o n s  a r e  c o n s i s t e n t  a n d  the 

i r s z rn~ l l eh t a  t i c s  use4 i s  o f  s u f f i c i e n t  s e n s i t i v i t y .  T h r e e  



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

i n t e r a c t i o n s :  a) c o e t p a r i s o n s  b e t  ween b i n a u r a l  B E R E  a n d  summed 

m o n a u r a l  r i g h t  and  l e f t  B E R s ;  b) c o m p a r i s o n s  b e t w e e n  P 

r a r e f a c t i o n  a n d  c o n d e n s a t i c n  B E R s ;  a n d ,  c) c o m p a r i s o n s  b e t w e e n  

m o n a u r a l  r i g h t  and l e f t  B E R s .  

I n  g e n e r a l ,  s t u d i 2 s  c o m p a r i n g  b i n a u r a l  u i t h  summed r i g h t  

a n d  l e f t  m o n a u r a l  B E R s  show l i t t l e  o r  n o  l a t e n c y  s h i f t  i n  t h e  

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

( 1 3 7 5 )  , c o a p a r i n g  f r e q u e n c y  f o l l o w i n g  r e s p o n s e s  (PFR) r a t h s r  

t h a n  B E R s ,  f o u n d  n 9  b i n a u r a l / a o n a u r a l  d i f f e r e n c e s .  They 

c o n c l u d e d  t h a q  t h s  r e s u l t i n g  b i n a u r a l  waveform was s i m p l y  t h e  , 

S U B  o f  t w o  m o n a u r a l  FPRs ( r e p r e s e n t i n g  t w o  i n d e p e n d e n t  

p o p u l a ~ i o ~ s  o f  n e u r o n s )  , a ~ l d  t h a t  a  v e r t e x / m a s t o i d  d e r i v a t i o n  

i s  nct s e n s i t i v e  t o  a u d i z o r y  b i n a u r a l  i n t e r a c t i o n s .  S t a r r  a n d  

Bckor  ( 1 9 7 5 )  a l s o  concludes t h a t  t h e r e  a r e  n o  s u b s t a n t i a l  BER 

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

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

' t h e  a m p l i t u d e  o f  b i r a u r a l  B E R s  tc b e  somewhat  l e s s  t h a n  twice 

the a m p l i t u d e  o f  m o n a u r a l  B E R s ,  T h i s  f i n d i n g  h a s  b e e n  s e e n  i n  

o u z  l a b ,  acd  is  o f  i n t e r e s t  s i n c e  i t  s u g g e s t s  t h a t  t h e  a u d i t o r y  

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

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

c o ~ c e r n i r g  CAS converge- r i ce  a n d  d i v e r g e n c e ,  Huang a n d  B u c h u a l d  

( 1 3 7 8 1 ,  u s i n g  c a t s ,  f o u n d  a d e c r e m e n t  I n  b i n a u r a l  uave  f o u r  
% 

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



no c h a n g e  was o b s e r v e d  i n  w a v e s  o n e ,  two o r  t h r e e .  E n d o  

(1 9761, u s i n g  p o l a r i t y  a l t e r n a = i n g  c l i c k s  u i t h  humans ,  f o u n d  
& 

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

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

S t a r r  ( 1 3 6 8 ) .  h e  f o u n d  a  n e g a t i v e  u i n t e r a c t i o n m  p e a k  t h a t  

o c c u r r e d  a p p r o x i a a t e l y  0 .3-0 .4  msec a f t e r  t h e  wave f i v e  p e a k .  

S l n c e f i t  h a s  been shown t h a t  t h e  f i r s t  p e a k  o f  f i -  i n  

s i n g l e  units o f  ;he e i g h t h  n e r v e  o c c u r s  s o o n e r  a f t e r  * 

r a r e f a c t i o n  c l i c k s  t h a r !  c o n d e n s a r i o n  c l i c k s  ( G o b l i c k  a n d  

P f e i f f s r ,  1969;  K i a n g ,  1 3 6 5 ;  a n d ,  S a l o m o n  a n d  ~ l b e r l i n g ,  1 3 7 1 ) ;  

a n d ,  t h a t  t h e  MS3 u n i t s  a r e  d i f f e r e n t i a l l y  s e n s i t i v e  t o  t h e s e  , 

two t y p e s  o f  s t i m u l i ,  i t  i s  r e a s o n a b l e  t o  e x p e c t  t h e  BER t o  

r e f l e c t  t h e s e  d i f f e r e n c e s .  T h e  e a r l i e s t  s t u d i e s  were b y  O r n i t z  

a r d  Hal te r  (1375 .  1 3 7 6 )  , i n  w h i c h  t h e y  s h o r e d  a  p h a s e  s h i f t  i n  

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

q r ea t e s t  d i f f e r e n c e  was  o b s e r v e d  for wave f o u r ;  i n  a l l  cases, 

- l ~ z e n c i e s  u e r e  s h o r t e r  f o r  r a r e f a c t i o n  t h a n  f o r  c o n d e n s a t i c n  

c l F c k s .  B a l l m a n  ( 1377)  p r e s e n - e d  s i m i l a r  resu l t s ,  a l t h o u g n  i n  

t h 5 s  case t h e  p r e c e d e z c e  o f f s c t  o f  r a r e f a c t i o n  c l i c k s  r e v e r s e d  

by  wave  f o u r .  Ee c o n c l u d + d  t h a r  t h e  p r o b a b l e  c a u s e  was 

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

p r o c e s s i r g . .  Coazs a n d  M a z t i n  ( 1 3 7 7 ) .  u s i n g  s u b j e c t s  w i t h  h i g h  

f c f q u e r c y  h e a r i n g  loss, s h o w e d  r a v e s  two t o  four t o  b e  o u t  of 

phase,  v i r h  f i z t l 3  0.- no d i f f e r e n c e  f o r  wave f i v e .  T h e y  

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



s y s t e m  v iew of t h e  c o m p o n e n t  s o u r c e s  o f  t h e  BER. One s y s t e m  

r e s u l t s  i n  a slow wave "whose maximum v e r t e x  p o s i t i v i t y  c r e a t e s  

p e a k  V", a n d  a s e c o n d  s y s t e m  t h a t  r e s u l t s  i n  Ira'  ser ies  of f o u r  

o r  five o s c i l l a t i o n s  . , . c r e a t i n g  p e a k s  I1 t o  VI". Bosenhamer  

e t  al. ( 1 9 7 8 ) ,  h o w e v e r ,  c o u l d  f i n d  no s i g n i f i c a n t  l a t e n c y  

d i f f e r e n c e  i n  wave o n e ,  t h r e e  or f i v e ,  w h e t h e r  t h e  s t i m u l a t i o n  

was c o n d e n s a t i o n ,  r a r e f a c t i o n  or  a l t e r n a t i n g  c l i c k s .  T h e y  were 

a l s o  u n a b l e  t o  f i n d  a c h a n g e  i n  t h e  p e a k - t o - p e a k  a m p l i t u d e  of 

wave five a s  stimulus p h a s e  c h a n g e d .  

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

b e t u e e n  l e f t  a n d  r i g h t  s t i m u l i  ( C l a r k  a n d  Dunlop,  1968; 

Galambos e t  a l . ,  1 3 5 3 ;  T s u c h i t a n i  a n d  B o u d r e a u ,  1364;  and, 

Vorden  e t  a l . ,  l96O), i t  is r e a s o n a b l e  t o  e x p e c t  some 

d i f f e r e n c e  i n  z h e  s h a p e ,  a m p l i t u d e  or  l a t e n c y  o f  BER wave 

three, o r  t h e  n e g a t i v e  p e a k s  c n  e i t h e r  s i d e .  M a r t i n  a n d  C o a t s  - 
( 1 9 7 3 )  a n d  C o a t s  a n d  Mart in  (1377)  havo  d e m o n s t r a t e d  t h a t  n a s a l  

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

amplitudes, a n d  b e t t e r  d e f i n i t i o n ,  f o r  waves  t w o  a n d  t h r e e  when 

i p s i l a t e r a l  c l i c k s  were p r e s e n t - e d ;  h o w e v e r ,  u a v e  t h r e e  becomes  
* 

P 

a l a o s i  n o n e x i s t e n t  when c o n t r a l a t e r a l  c l i c k s  were p r e s e n t e d .  

L i t t l e  o t h e r  e v i d e n c e  h a s  b e e n  shown i n  t h e  l i t e r a t u r e ;  . i n  

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

0.2-0.3 o s e c  a r e  c o n s i d e r e d  t o  be an  i n d i c a t i o n  o f  p a t h o l o g y .  



7 
I n  summary, i t  a p p e a r s  t h a t  t h e  c o n t r i b u t i o n  o f  b i n a u r a l  

," 
,--jr 

i n t e r a c t i o n ,  o r  l e f t / r i g h t  d i f f e r e n c e s ,  t o  t h e  BER 1s f a r  f r o p  

c l e a r .  The  f o l l o w i n g  s t u d y  was d e s i g n e d  t o  p r o v i d e  some 

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

t h e  BER. I f  ' t h i s  n e u r a l  p r o c e s s i n g  c a n  be c l e a r l y  o b s e r v e d  

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

the p e a k s  w i l l  h a v e  been  a s c e r t a i n e d .  



T h i s  s t u d y  u s e d  t w o  a p p r o a c h e s  t o  a s c e r t a i n  t h e  e x t e n t  t o  
* 

which  b l n a u r a l  p r o c e s s i n g  i n  t h e  C A S  i s  r e f l e c t e d  i n  t h e  BER: 

1) a  c o m p a r i s o n  of b i n a u r a l l y  p r e s e n t e d  c o n d e n s a t i o n  ( C )  a n d  

r a z e f a c t i o n  ( R )  stiauf i. F o u r  p h a s e  c o n d i t i o n s  were u s e d  

(R- r igh t ,  R-left; R - r i g h t ,  C - l e f t ;  C - r i g h t ,  R - l a f t  ; a n d ,  

C - r i g h t ,  C - l e f t ) .  A t  t h e  o u t s e t  i= was o n l y  p o s s i b l e  t o  

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

had  b e e n  p u b l i s h e d  i n  which t h e  b i n a u r a l  n a t u r e  o f  t h ~  f o u r  

p h a s e  p a i r s  h a d  b e e n  s t u d i e d .  I n  t e r n s  of t h e  w h o l e  BER 

waveform,  s i n c e  the ma j o r i t  y o f  a o n a u r a l  s t u d i e s  c o m p a r i n g  

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

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

was e x p e c t e d  when c o m p a r i n g  R R  ( r i g h t - R  a n d  le f t -R)-  w i t h  CC 

w a v e f o r a s ,  However ,  s i n c e  t h e  o n l y  d i f f e r e n c e  b e t w e e n  RC a n d  

C B  s t i m u l i  is t h e  l a t e r a l  p o s i t i o n .  of t h e  t w o  a n d  s i n c e  

i~ i s  r e a s o n a b l e  :o a s s u m e  & h e  a n a t o m y  o f  t h e  CAS t o  b e  

b i i a t e r a l l y  s y a r a e t r i c a l ,  n o  d l f f a r o n c e  b e t w e e n  t h e  esoked 
d \ 

w a r e f o r m s  ( a s  s e e n  b i  a  v e r t e x  e l e c t r o d e )  was e x p s c t e d .  I n  

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

z h ~  e a r l y  u a q e s  z e s n l t i n g  f r o a  c h a n g e s  i n  p h a s e  were e x p e c t e d  

to  be reflected in a t  least t h e  f i r s t  f i v e  w a v e s ,  a s  h a s  b e e n  

shown f o r  m m a u r a l  s t i m u l a t i o n  (Coats and M a r t i n ,  1377;  



1 

Halllaan, 1977; and O r n i t z  a n d  Walter,  1975,  1376) . In terms of 

peak-spec i f  ic effects, s incs  Galarnbos .et a l .  ( 1 9 5 9 )  were able 

t o  demons t r a t e  d i f f e r e n t i a l  r e s p o n d i n g  of t h e  SOC to R and C 

s t i m u l i ,  changes  i n  latency and/or amp l i t ude  uere expected f o r  

p e a k  th ree .  

2) The c o a p a r i s o n  b e t w e e n  a b i n a u r a l l y  evoked BER waveform, 

a n d  t h e  a l g e b r 3 i c  sua cf two monaural waveforas .  I f  t h e  BER 

r e f l e c t s  b i n a u r a l  I a t e g r a z l o n ,  a  c o m p a r i s o ~  between b i n a u r a l  

a n d  combined  iona aural iiavofotms shou ld  r e s u l t  i n  t h e  fo l lowing-  

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

a )  d e c r e a s e d  b i n a u z a l  a rap l i tudas  a t  those peaks r e p r e s e n t i n g  

n e u r a l  i n t e g r a t i o n .  T h i s  i s  based on t h e  a s s u n p t i o n  t h a t  

b l r a u r z l  a c t i v a t i o n  of a CAS structure w i i l  n o t  produce t h e  

same a a p l i t u d s  a s  rhe a l g e b r a i c  s n n n a t i o n  of a l e f t  and r l g h t  

monaural a c t i v a t i o n  o f  the szlne structure.  ?$ a p a r t i c u l a r  

wave p e a k  is found t o  have a smaller ampl i t ude  when evoked by 3 

b i n a u r a l  s t i m u l u s  t h a r  t h a t  p r ~ d n c e d  by  a l g e b r a i c a l l y  summing @ 

responses t o  two e q u i v a l e n t  n o n a u r a l  s t i m u l i ,  i t  can b e  argued 

- h a t  t h i s  p e a k  is a n  Lcf i i ca to r  of b i n a u r a l  i n t s g r a t i o n .  If t h o  
/ 

r e u r a i  inputs  from t h e  T W O  c o c i d e a s ,  through neu rona l  

divezgence { a  knovc a n d i t a r y  p n a c n e n o a )  r o s u i t s  i n  rhe 

~ L v a t i s n  of b i n z u r a l l y  i n n e r v a t e d  neuronal p ~ p u l a t i o n s  a t  
- 

h i g h e r  levels, %hen s x i f n f a t i o 3  of t h e  l e f t  o r  %he r i g h t  e a r s  

s e p a r a t e l y  vili resalt Ln soae a c r i v i t y  w i t h i n  these 

p 3 p u l a t i o n s .  Bovavez, s t i a u i a - i o n  of b o t h  e a r s  sl r n l t a n e o a  sly 



w i l l  result i n  a differezit c o n c - r i b u t i o n  t o  t h e  BER d u e  t o  t h e  

o v e r l a p  o f  t h e  acz iv+a ' , ion  o f  t h e s e  p o p u l a t i o n s .  I t  fol lows 

t h a t  f o r  those g e n e r a t o r  s o u r c e s  i n  w h i c h  b i n a u r a l  n e u r o n a l  - 
p o p u l a t i o n s  e x i s t ,  t h e  BER e v o k e d  b y  b i n a u r a l  s t i m u l a t i o n  

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

i e f t  m o n a u r a l  s ~ i r u l u s  p r t s e n t a t i o n s :  B i n a u r a l  RL < M o n a u r a l  R 

t a o c a u r a l  L .  I f  t h e r e  are, i n  f a c t ,  t w o  s e p a r a t e  m o n a u r a l  

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

geLerator s o u r c e s  o f  t h e  BEE, n c  d i f f e r e n c e  i n  a m p l i t u d e s  
2- 

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

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

r ' h r e s h o l d  s o o n e r  t h a n  s i n g l ~  n o n a u r a l  i n p u t s  ( P r a t t  a n d  Sohmer ,  

i 3 7 6 ) ,  a d e c r e a s ~ d  l a r e n c y  f o r  i n t e g r a t i n g  p e a k s  i s  e x p e c t e d  

f o r  b i n a u r a l  s : i r u l a t i o n .  

A d d l c i o n a l  c o ; t d i t i o n s  s t u d i e d :  

a )  p i c z o r i a l  c o i p a z i s o n  b e t w e e n  b i n a u r a l  and c o m b i n e d  m o n a u r a l  

waveforas v h e r s  +-he s+-izafns c o n d i t i o n s  a r e  a chartge i n  t i a e  
i 

(Delta T) or a change  i n  i n t e n s i t y  ( E e l t a  11 of o n e  e a r  

r e l a t i v e  t o  t h e  o t h e r .  T h i s  phase of t h e  p r e s e n t  e x p e r i n e n t  

c o z f c u n d i c g  nature, T h a t  i s ,  by d e l a y i n g  t h e  c l i c k  t o  o n e  'ear, 

r e l a t i v e  to zne czber,  :',YD BEE i r a v e f o r a s  w i l l  b e  produced  i n  



. w h i c h  a l l  p e a k s  w i l l  be d e l a y e d  f o r  o n e .  I f  b i n a u r a l  

i n t e g r a t i o ~ !  does o c c u r ,  it w i l l  b e  c o n f o u n d e d  b y  t h e  c o m p l e x i t y  

o f  t h e  c o m b i n a d  u a v e f o z m .  S i m i l a r l y ,  bx d e c r e a s i n g  t h e  
-9 

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

a l l  BER p e a k s  g e p e r a t e d  by t h e  d e c r e a s e d  s t i m u l a t i o n  w i l l  

r e s u l t .  T h e r e f o r a  , si  mply for e x p l o r a t o r y  p u r p o s e s ,  p i c t o r i a l  

c o m p a r i s o n .  was u s e d .  ' f ~  h e l p  e ) i m i n a t e  t h e  e x p e c t e d  

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

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

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

a m p l i t n d e ,  w a v a f o r m s  were averaged a c r o s s  s u b j e c t s  a n d  a l l  

Delta I o r  D e l t a  T con&+Lons,  a n d  t h e  B I / H O N  d i f f e r e n c e s  

p l ~ z t e d .  For t h i s  p a n t  of the study, r a r s f a c t i o n  c l i c k s  were 

the phase  chose^ since, i n  o u r   la^, it h a s  p r o v e n  easier t o  

d e l i z e a t e  t h e  vave pecks clearly w i t h  t h i s  t y p e  of s t i m u l u s .  

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

d i f f e r ~ n c e s  f o r  p e a k  five. T h i s  is a l s o  a n  e x p l o r a t o r y  part of 

t t ~  s t u d y .  S i ~ c e  i t  i s  now common, i n  c l i n i c a l  s e t t i n g s ,  t o  

use I n t e r a u r a l  differences i n  BEB w a v e f o r a s  a s  i n d i c a t i o n s  o f  

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

l e z e n c y  d i f f e r e n c e s  v i t h i c  t h e  r so rma l  range ( i . e . ,  less t h a n  

300 u s e c )  a r e  zaz2o i  ( i , ~ ,  , n o  s i g n i f i c a n t  d i f f e r e n c e  i n  n o r m a l  

s u b j e c t s )  , o r ,  i f  riot, w h i c h  ear s h o w s  l a g e r  l a t e n c i e s .  This 
r 

le=:er p o s s i b l i ~ y  a l s o  h a s  i n p l i c a t i o n s  f o r  t h o s e  i n t e r e s t e d  i n  

:he L a t e r a l i t y  o f  C B S  systems. 





S u b j e c t s  

Ten  &ale end t e n  feaale paid  subjects fnean age of 22 .45  

y e a r s ;  r a n g e  of 18-34 I reaZs)  were r e c r u i t l a  f r o m  t h e  S imon  

p r a s e r  u n i v e r s i t y  s t u d e n t  b o d y ,  A 1 1  s u b j e c t s  were s c r e e n e d  f o r  

h s a r i n g  defects ( ~ % e s g  A u d i o n e r e r ,  E y p e  E800, G r a s o n - S t a d l e r )  ; 

s i x  p o t e n t i a l  s u b j e c t s  were not u s e d  d u e  t o  h e a r i n g  l o s s e s  i n  

excess o f  2 5  d 3  ( 1  3 6 4  IS0 values) f o r  the pure t o n e  f r e q u e n c y  

-', 
r a ~ g e  o f  100-10000 Bz. T h f s  c u r - o f f  was chosen a f t e r  p e r s o n a l  

c ~ ~ s u l t a t i c n  u L t t  Dr. P. G a n r o n .  

A p p a r a t u s  

~ c k m n  3EG disc, s i lve r / s i ive r  c h l o r i d e  e lec t rodes  ( 1  6 m m )  

were a t z a c h e d  to r he  vertex, f o r e h e a d ,  seventh c e r v i c a l  p r o c e s s  

and b o t h  m a s t o i 3 s .  R e d u x  ~ l e c r r o d e  p a s t e  ( H e r l e t t - P a c k a r d )  was 

used fo; a b r a d i c g  =he skin sod f o r  p r o v i d i n g  t h e  e l e c t r o d e / s k i n  

1r:erface. T h e  i n p e d a n c e  b e t u s e n  p a i r s  of recording e l e c t r o d e s  

uas Less than 3000 o b s  b all cases. The recording 

*r ivat iozs  were a s  f w i i a w ~ :  veztex a c t i v e ,  right n a s t c i d  

r e f  srerce; verztx a n :  v e ,  s e v e n t h  c e r v i c a l  p r o c e s s  r e f e r e n c e ;  

;ef= ass-oid z c t i v e ,  r i g k  n a s z o i d  r e f e r e n c e ;  a n d ,  f o r e h e a d  

g r 3 u n d .  A a p l l f i c a t i o o  was a c c ~ m p l i s h e d  by either a T e k t r o n i x  



Type 1 2 2  or T y p e  Et8 I 2 2  first stage  a n p l i f i e r  fbandpass  8 - t O K  

Hz), a d  a G r a s s  7P5-A/DBC s e c o c d  s t a g e  a m p l i f i e r  ( b a n d p a s s  

1 0 - 4 0  KHz) . EEG o u s p u t  was r e c o r d a d  o n  a T a n d b e r g  115 FM 

t a p e r e c o r d e r  ( b a n d p a s s  0-5 KHz) f o r  l a t e r  a v e r a g i n g  c f f  l i n e .  

P i c a 1  o f f l i n e  s i g n a l  c o n d i t i o n i n g  ( K r o h n - H i t e  m o d e l  3323 d u a l  

f i l t e r )  set t h e  b a n d p a s s  c-o 80-3000 Hz. A P a b r i t e k  1072 s i g n a l  

a v e r a g e r  was u s e d  w i t h  a n  AID s a m p l i n g  ra'e of 20 usec p e r  

p o i n t  f o r  512 p o i c t s ;  e a c h  a v e r a g e  was c o m p r i s e d  o f  2048  

s t i m u l u s  p r e s e n t a t i o n s .  The  a v e r a g e r  was s e t  t o  n i n e  b i t s  o f  

r e s o l u t i o n ,  thus f o r  a3 a p p r o x i n a t e  a m p l i f i c a t i o n  o f  1 0 0 , 0 0 0 ~ ~  

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

0 . 0 3 3  o f  a u v o l t .  y e r a g a d  s i g n a l s  were t r a n s f e r r a d  t o  d i s c  

s - , o r a g e  ( D a t a  G e ~ e r a l  Yova 3 ,  m i ~ i  c o m p u t e r )  f o r  f u r t h e r  

precessing a n d  f i n a l  p l o t ? i n g  ( t i o u s t o n  O m n i g r a p h i c ,  mode l  

E-6650). I n i t i a l  c a l i b r a t i o n  o f  t h e  s y s t e m  was a c c o m p l i s h e d  

u s i n g  a B i o e l e c t r i c  I n s z r o n e n t s ,  CA5 c a l i b r a t o r  s e t  t o  d e l i v e r  
% 

a t w ~  n s e c  2 u v c l t  s q u a r e u a v e .  D a i l y  c a l i b r a t i o n  u a s  

t h e r e a f t e r  a c c o a p i i s h e d  u s i n g  a 50 u v o l t  s i g ~ a l  (Grass Bodel 

SYC-1 B S q u a T e  Have C a l i b r a t o r )  . 
C l i c k  d u r a t i o n  was s e t  at 0 . 2  asec, g e n e r a t e d  b y  e l t h e r  a 

a a v e t e k  n o d e l  184 o r  185 s i g n a i  g e n e r a t o r  t r i g g e r e d  by  t h e  

f u ~ c t i o n  g e n e r a t o r  d e s c r i b e d  be low.  T h i s  d u r a ~ i o n  was c h o s e n  

so t h a t  comparison& n i g h t  be made b e t w e e n  t h i s  s t u d y  and  those  

s f  @do f + 3 ? 6 ) ,  3 a l l ~ ~  ( ? 3 ? ? ) ,  and O r n i t z  and Halter (1975, 

1 3 7 6 )  . I r t e r - s t i a u i u s - i n t e r v a l  (151) , set t o  5 0  a s e c ,  was 

generateti b y  a Sewlet: 2 a c k a r d  V a r i a b l e  Phase  F u n c t i o n  

G a ~ e r a t o r  ( m o d e l  2 0 3 b ) .  T h i s  I S 1  was c h o s e n  f o r  t w o  r e a s o n s :  



a)  t h e  g r e a t e s i  r a r e f a c t i o n / c o n a e n s a t i o n  (R/C) e f fec t  o c c u r r e d  

i n  H a l l ? a a n l s  s t u d y  a t  t h i s  I S I ;  and ,  b) r e c o r d i n g  times p e r  

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

~ ~ l a t i v e  d e l a y s  i n  t h e  s t i m u l u s  l a t e n c y  (Delta T )  were o b t a i n e d  

by c h a n g i n g  t h e  p h 3 s e  of  t h e  v a r i a ~ l e  o u t p u t  of  t h e  f u n c t i o n  

g e c ~ r a t o r .  B o t h  s t i n u l u s  i n t e n s i t y  a n d  d e l a y  were m o n i t o r e d  o n  

a Philips o s ~ i l l o s c o p e  { n o d e l  PH 3232)  . O n l i n e  m o n i t o r  

a v e r a g i n g  was c a r r i e d  o u t  OD, a F a b r i t e k  1052lL.5 s i g n ' a l  

a v s r a g e r :  Clicks w e r e  t r a n s d u c e d  b y  TDH-33 e a r p h o n e  s p e a k e r s  
4 

a o n n t e d  i n  flX41/$2 r u b b e r  c u s h i o n s .  T h e  m o d i f i c a t i o n  o f  t h e  

c l i c k  b y  t h e  m e c h a n i c a l  ~ q o p e r t i e s  o f  the t r a n s d u c e r  is shown 
* 

i n  F i g u r e  7 .  C l l c k s  o f  e q u i v a l e n t  d u r a t i o n  h a v e  b e e n  shown t o  

h a v e  peak  e n e r g y  i n  t n e  ,3000-4000 Hz f r e q u e n c y  r a n g e  ( H a l l m a n ,  

1377: 0 r o i t z  and ? a l t e r ,  1975, 1 3 7 6 )  . R a r e f a G t i o n  and 

c o n d e n s a t i o n  w a v e s  were d s f i n e d  a s  t h e  d i y e c t i o n  o f  firs4 

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

r e v e r s i n g  t h e  p o l a r i t y  of t h e  s q u a r e  wave  f roa  t h e  s i g n a l  -*- 
g e o e r a t o r .  dic& i n t e n s i r y  was s e t  a t  65 dB aL a s  d e f i n e d  by  

t h e  f o r m u l a :  dB = 20 l o g  [ v o l t a g e  o f  s i g n a l / v o l t a g e  o f  

t h r e s h o l d ' ]  ( P i c t o n  e t  a l . ,  1 9 7 3 ) .    his dB l e v e l  was chosen 

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

a m p l i t u d e  p l a t s a u s  axe r e a c h e d  ( i .e . ,  t h e  CAS i s  b e i n g  d r i v e n  

near i ts  BER a a x i ~ u m f  a n 3  t h ~  i n t e n s i t y  l e v e l  i s  n e i t h e r  , 

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

e q u i v a l e n t  dB lsvei, a t  a n  IS1 o f  2 n s e c ,  was 46 d B  SPL, a s  

a e a s n r e d  by a G e 3 e r a l  R a d i o  Co. s o u n d  l e v e l  a e t e r  ( t y p e  

155 1-C)  fitted w i t h  a  o n e - h a l f  h c h  condenser a i c r o p h o n e  ( t y p e  





1560-P5) a n d  a G e n e r a l  Radio Co. e a r p h o n e  c o u p l e r  ( t y p ~  98). 

T h e  s o u n d  l s v e l  a e t e r  ifas set  a t  l l s l o w N  w i t h  a tsBt l  w e i g h t i n g .  

T h e  r e c o r d i n g  r o c n  was  n e i t h e r  s l e c t r i c a l l y  i n s u l a t e d  nor 

sound a t t e n u a t e d ;  ir o r d e r  t o  t l i a i n a t e  p o s s i b l e  e x t e r n a l  

e i ~ c t r i c a l  i n t e r f  o r e n c e ,  f i rsr  s t a g e  a m p l i f i e r s  were p l a c e d  i n  

rhe r o o n  wit hi^ r s a c h  o f  t h e  e l e c z z o d e  l e a d  wiiss. No 

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

p l a c e m e n t .  

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

r a s  e d j a s t e d  f o r  d , c .  ~ f f s ~ t  and c a l i b r a t e d .  S u b j e c t s  were 

p l z c e d  i n  a s e m i - s u p i r e  p o s i t l o r  on a r  l l e a s y - b o y n  t y p e  of 

r e c l i c e r  z o c k e r .  Ali i r t r e  t o 1 3  t o  rest, r e l a x  a r d ,  i f  
.- 

p c s s i b l a ,  g o  t c  s l e e p .  L i g h c s  weie t u r n e d  o f f ,  clicks were 

z u z s e d  o n ,  a n d ,  a f t + =  3 0 2 i t o i i ~ g  shoved s u b s t a 3 t i a l  n u s c l e  

r 9 1 a x a t i ~ ~  (i.2.' a l e v s l i c q  ~f n u s c l e  artifact i n  the EEG) 
.. 

a n d / o r  f i v e  ~ i ~ t u t e s  h a d  a i a p s e d ,  i e c o r d i n g  c o n a e n c e d .  Two 

p t e r + A a i  s u b j e c t s  were e l i a i 2 a t e d  f r o m  the study d u e  t o  

excessive  assc le  a r t i f  ac: c o n t  3 a l n a t " i o n .  The P. M. t a p e r e c o n d e r  . 

C R T  a l l o v e d  c o ? t F r u o u s  s o ~ i r o r i n g  of b a c k g r o u n d  m u s c l e  

a c t l ~ i t y ;  i f  the s u b j e c :  shoueci a b u i l d  u p  o f  m u s c l e  t e n s i o n ,  

r e c o r d i n g  was i n t e z r u p ' l ~ d  z2d -,he s u b j e c t  was g i v e n  3 I ' s t r e t c b I *  

brez-k.  Average r s c o r d i 3 g  t i n e s  iasred a p p r o x i m a t e l y  1 1/4  t o  1 

1/2 honzs. 
- 



A11 subjects recoired  t h e  fo l l owing  r e n  randomly p r e s e n t e d  

s t i r t n l u s  c o n d i t i o c s :  

1 )  r a r ~ f a c t i o r  - lef:; z a r e f a c r i o n  - right; 
2 )  I L - e f a c t i ~ ~  - lefr; condensa t ion  - r i g h t ;  

3 )  c o n d ~ n s a t i o n  - l e f t ;  r a r e f acz io f l  - right; 
4 )  conde r sa t i on  - l e f r ;  condensa t ion  - r i q h t ;  

51 ~ o t h i r g  - iefs; r a r e f a c z i o n  - r i g h t ;  

6 )  n o t h i r g  - 1 ;  condsnsa t ion  - right; 
7 )  r a z e f a c t i o c  - lef:; ~ o t h i n g  - r i g h t ;  

8 )  c c n d o n s a ~ i o r ?  - l e f z ;  nothing - right; 
3 )  r a r e f a c t i ~ n  - i e f - .  u s i n g  r z g h z  t r a n s d u c e r ;  no th ing  r ~ g h t ;  

3 n d ,  

10) c o n d e ~ s a ? i o l  - ;e fr u s i n g  r i g h t  ~ r a n s d u c e r ;  n o t h i n g  riqht. 

S u b j e c t s  ser. d i v : d e 3  i n t o  z r o  g roups  (each c o & p r i s e d  of 

fiss females a r 3  f i v a  aalss) for r h e  second h a i f  o f  the 

expeziment. Gzoup A recsi vea -.he following 16 randomized 
3 

s t i a u l u s  c o n 3 i x i o r s  usi;~ o n l y  r a z e f a c t i o n  c l i c k s :  

) 1 )  45  d B  - lefr; 6 5  3 3  - right; 

2 )  US dB - left; 0 3B - z i g h t ;  

3 )  50 dB - left: 65  5 B  - r i g h t ;  

Y) 50 d B  - left; 0 dB - z i g h r ;  

5 )  55 dB - Lsft: 6 5  32 - r i q h t ;  
r' i 

6) 55 3 B  - left; 0 dB - righ;; 

7 )  60 dB - l e f r ;  6 5  d b  - riqnt; 



10 )  0 dB - l e f t ;  6 0  d B  - r i g h t ;  

1 1 )  65 dB - l e f t ;  5.5 dB - r ~ g h t ;  

1.2 1, 0 d B  - l e f t ;  55 d B  - r i g h t ;  

13)  65 dB - left; 50 dB - right; 

G r o u p  9 z e c t ~ r s d  ' 5 5  f ollowi2g 16 randon lzed  s t i m u l u s  

c3idit:ozs usirg 0213 6 5  d a  ; a r e f a c t i o n  c l i cks .  A11 ciicas, 

iineqbas siqhr o r  lefr, rere r e f e r r e d  to the p u l s e  g e n e r a t e d  b y  

t n ~  Y a v e t e k  d r i v i a g  :Lo z i q h t  trazsducez: 

I f  r:cji;r click; left d e l a y e d  0 . 2  msec; 

2 )  no right click; left d e l a y e d  0.2 asec;  

31 right click; left delzyed 0.4 asec; 

4 )  LC ~ 1 g 5 . r  c l i c k ;  le f - ,  d e l a y e d  0 .4  asec-; 

5 )  r i g h t  c l i c k ;  left 3 s l a y e d  0 . 6  xsec; 

6 )  ED r i g h t  click; left delayed 0.6 asec: 

7) rLght click.; l e f r  Anlayea 0.8 msec; 

3) EG r ;gh?  click: l e f t  d e l a y e d  0 . 8  msec; 

3 )  r i g h t  c l i c k ;  lefz a d v a n c e d  0.2 nsec; 

1 0 )  no  r i g h t  ciick; l e f :  a d v a n c e d  0 . 2  rsec;  

1 1 )  r i g h t  c l i c k ;  left a d v a n c e d  0 . 4  Rsec; 



- 

1 2 )  no r i g h t  click; left advanced 0.4- assc; 

13) r i g h t  c l i c k ;  l e f t  - a d v a n c e d  0 . 6  msec; 

14)  no right c l i c k ;  l e f t  a d v a n c e d  0.6 msec; 

15)  r i g h t  c l i c k ;  l e f t  a d v a n c e d  0 . 8  msec; and, 

16) ao r i g h t  click; left a d v a n c e d  0 . 8  msec, 



*/' 

I 

For t h e  f o L f o w i n g :  

T = n e g a t i v e  waves ti. e ,  , t r o u g h s  o f  w a v e f o r a s )  ; 

P = p o s l t i v e  waves (is e. , p e a k s  o f  wavef o r a s )  ; 

&+- BR = r a g e f a c r i o n  r i g h t ,  r a r e f a c t i o n  l e f t ;  
% 

1 R C  = r a r e f a c t i o r  r i g h t ,  c o n d e n s a t i o n  1 e f t ;  

CR = c o n d e n s a t i o n  r i g h t ,  r a r e f a c t i o n  l e f t ;  a n d ,  
z-' 

CC = c o n d e n s a t i o n -  right, c o n d e n s a t i o n  l e f t .  

L a t e n c y  a n d  a a p l i t n d e  m e a s u r e s  were t a k e n  b l i n d  f r o m  ths 

p l o t t e d  waveforms; that is, s t i a a l u s  c o n d i t i o n s  were n o t  known 

a t  t h e  time of m e a s u r e s e n t  (other t h a n  t he  s u b - j e c t s  f r o m  which 

' the w a v e f o r m s  were o b t a i n e d ) ,  an& b o t h  l a t e n c i e s  a n d  a m p l i t u d e s  

w a r e  measured i n  c e n t i a e t a r s  w i t h  c o n v e r s i o n  t o  msec a n d  u v o l t s  

o c c u r r i n g  after c o ~ p u t e r  analysis. This was c a r e f u l l y  done  t o  

e l i ~ i n a t e  t h e  possible experiaenter b i a s  i f  e i t h e r  t h e  s t i m u l u s  
- - - 

c o c d i t A o n ,  o r  t h e  wave peak la tenc ies  were known. 

PeakJt~pngh d e t e r s i n a t i o n  in BEB r e s e a r c h  is e x t r e m e l y  

prob lera t i c .  This i s  e x p e c i a l i y  t r u e  when o n e  a t t a m p t s  t o  



3 coepare differences i n  l a t e n c y  i n  t h e  10's of m i c r o s e c o n d s .  No 

e x p l a n a t i o n  o f  exac t  d e t a r i n a t l o n  p r o c e d u r e s  h 3 s  b e e n  r e p o r t e d  
/ 

P - i n  t h e  l i t e r a t u r e  t o  d a t e ,  S i n c e  t h e  B E R  wavef rm i s  a c o ~ p l e x  

p o t e n t i a l ,  and since e a c h  p o t e n t i a l  i s  somewhat u n i q u e  t o  e a c h  

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

enable r e p l i c a t i o n .  A s y s t e m  f o r  p e a k / t r o u g h  d e t e r m i n a t i o n  was 
- - - 

d e v e l o p a a  f o r  this s t u d y  isee  Appendix A )  and  was used on  a l l  

v a ~ e f  oras. Two q u e s t i o n s  a r o s e  c o n c e r n i n g  t h i s  p r o c e d u r e :  a )  

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

gross i d e n t i f i c a t i o n  o f  peaks  and  t r o u g h s ;  and ,  b) how auch  

v a r i a b i l i t y  i n  zater' s d e t e r a i n a t i o n  of m i c r o v o l t  and  

aillisecond v a l u e s  c a n  be expected? T h e  s e c o n d  q u e s t i o n  is 

most i m p o r t a n t  since i t  will set t h s  l o w e r  l i m i t s  f o r  

differences t h a t  can b e  regardsd a s  s i g n i f i c a n t  r e s u l t s  of 

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

o f  t h e  daza. In a n  effort t o  a n s w e r  these q u e s t i o n s ,  s i x  

i n d i v i d u a l s  {raters), w i t h  l i t t l e  or  no experience w i t h  BEB8s 

d e t e r ~ i n e d  t h e  peaks an*d troughs o f  t h e  waveforms f o r  two 

r a n d o l l y  selecred s u b j e c t s  fi.e., a total of 32 waveforms) . 
Prom these d a t a ,  f o r  each peak'ana t r o u g h ,  t h e  ah e s t i ~ a t i o n  of 

the variance of the raters was obtained ' (see T a b l e  One, a) 

where I is a raters d e t e r u n a t i o n  for a single peak  o r  t r o u g h ,  1 
- - 

f 

7 

X ;- the m a n  of all raters for that particular peak or t r o u g h ,  
- 

- _ - - - - 

- 
- -- -- 7. -- d 

and 3 is  t h o  n u a b e r  of  r a t a z s ;  and ,  a n  estimate o f  t h e  v a r i a n c e  + : 
i 

of rhe antnor, (see f abf  &One, b)  , where  P i s  the a n t h q r 4 s  I 
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variances [see Tabf e One, cj with a d f  of 32 and 1 6 0 .  
-- - -pp~-- 

S i g n i f i c a n c e  w ~ d d  indicate t h a t  the raters and t h e  author were 

s e l e c t i n g  d i f f e r e n t  component to be reasured. The f o l l o w i n g  

P ' s  were o b t a i n e d :  

a) Latencies 



t h e  a u t h o r  a n d  t h e  raters were identifying a n d  m e a s u r i n g  t h e  

same BER c o m p o n e n t s .  I n  a d d i t i o n ,  s i n c e  t h e  m a j o r i t y  o f  P 1 s  

are less t h a n  1, t h e  a u t h o r ' s  d e t e r m i n a t i o n s  a r e  closer t o  t h e  

r a t e r s q , m e a n s  t h a n  t h e  raters a re  t o  t h e i r  - own mean. I n  o t h e r  

words ,  t h e  a u t h o r  shows  lsss v a r i a t i o n  i n  p e a k / t ~ o u g h  

d e t e r m i n a t i o n  a s  m i g h t  b e  e x p e c t e d  f rom t h e  d i f f e r e n c e  i n  7 
A - 2  - - - - 

7 
- -- - - - - 

e x p e r i e n c e  w i t h  BER waveforms.  

Two e s t i m a t e d  s t a h d a r d  e r r o r s  (ESE)  were o b t a i n e d .  The 

f i r s t  ESE was f o r  t h e  a u t b r  ( t h e  s q u a r e  r o o t  of t h e  v a r i a n c e  
> 

( m u l t i p l i e d  by a c o n v e r s i o n  factor  t o  msec (0 .128)  a n d  u v o l t s  
7 

(0.04) ) w h i c h  c o m p r i s e d  t h e  l o w e r  l i m i t  Of d i f f e r e n c e  a c c e p t e d  

as  s i g n i f i c a n t .  A s e c o n d  was t h e  . p o o l e d  ESE f o r  t h e  r a t e r s  

p l u s  t h e  a u t h o r .  T h i s  p o o l e d  ESE ( s e e  T a b l e  One, d )  is t h e  

b e s t  e s t i m a t i o n  of  p e a k / t r o u g h  d e t e r m i n a t i o n  d e v i a t i o n  o,f a n y  

s i n g l e  i n d i v i d u a l  c h o s e n  a t  random t o  s e r v e  a s  a ra ter .  

But h o r s  ES E: 

/ L a t e n c i e s  A m p l i t u d e s  

P l :  +/--Om 047 msec +/- 0 , 0 1  u v o l t s  

TI :  +/- 0,029 msec +/- 0.01 t i v o l t s  

P2: +/- 0,020 msec +/- O . O l , u v o l t s  
ri 

~ 2 :  +/- 0.021 asec +/- 0.01 u v o l t s  

P3: +/- 0,021 aasec - +/- 0-0-1-uvolts  

T32 + / -  0-dQ 12 -~r S ~ C  

P4: +/- 0.021 msec 

P5: +/- 0.020 msec 

+L? 4.o 1  -!volts-  -- -- 

+/- 0.01 t l v o l t s  

+/- 0 * 0 1  u v o l t s  



+/- 0.01 u v o l t s  

P6: +/- 0.025 esec +/- 0.01 u v o l t s  

T6: +/- 0.021 msec +/- 0.01 U V O ~ ~ S  

Poo led  ESE: 
< 

~ a t e n c p '  ~ & l i t u d e  

PI: +/- 0.060 msec +/- 0.02 u v o l t s  

TI:  +/- 0.032 a s e c  s/- 0.01 u v o l t s  
-3, 

- 

~ 2 :  +/- 0.022 n s e c  * +/- 0.01 u v o l t s  

T2: +/- 0.027 BS@C +/- 00.0 1 U V O ~ ~ S  
G 

P3: +/- 0.020 a s a c  - +/- 0 .01 a v o l t s  

T3: +/- 0.019 msec +/- b O . O 1  n v o l t s  

P4: +/- 0.027 msec 

P5: +/- 0.,038 msec 

+/- 0.01 u v o l t s  

- +/- 0.02 u v o l t s  

T5: +/- 0.029 n s e c  +/- 0.01 u v o l t s  

P6: +/- 0.041 msec 
1 

T6: +/- 0.039 msec 

Even w i t h  t h e  , p r o c e d u r e  o u t l i n e d ,  i n  Appendix A ,  P4 ,  =P5, P6 

a n d  T 6  were n o t  c l e a r l y  o b s e r v a b l e  i n  some waveforms. Uhen 
+ - 7  

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

the a f f e c t e d  peak o r  t r o u g h .  Although t h e  waves were n o t  

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

of t h i s  s t u d y  was t b a t  t h e y  were i n  f a c t  p r e s e n t  i n  a l l  

wave fo rns ,  b u t  c a ~ o n f l a g e d  by n e u r a l  act ivi-$y '  o f  unknown - - o r i g i n  

r or  c a u s e  i n  some c a s e s .  ~ h u s  it was f e l t  t o  be more r e a s o n a b l e  

t o  e l i m i n a t e  a l l  d a t a  for t h e  a f f e c t e d  peak  o r  t r o u g h  t h a n  t o  
* 

a x t e m p t  a  m i s s i n g  d a t a  a n a l y s i s .  

Two l a t e n c y  a e a s u r e a e n t s  were ob ta i -ned ;  t h e  f i r s t  with 
0 



- 
- ' c 

- - 
-- - - 

t h e  z e r o  b e i n g  t h e  sweep i n i t i a t i o n  o f  t h e  s i g n a l  a v e r a g e r  
9 

(raw l a t e n c y ) ,  and t h e  s e c o n d  w i t h  TI a s  time z e r o  ( d e r i v e d  

l a t e n c y ) .  Thus, a c c o r d i n g  t o  t h e  c l a s s i c a l  BEE l i t e r a t u r e  

( e . g , ,  Huang a n d  Buchwald,  1978; and,  S a l a ~ l y  e t  a l . ,  1375),  

b o t h  p e r i p h e r a l  a n d  c e n t r a l  l a t e n c y  c o m p o u e n t s  were studied 
0 

s e p a r a t e l y .  TI was c h o s e n  o v e r  P I  s i n c e  P I  h a s  p r o v e n  
- - -- d i f f i c u l t  t o  detsraine e x a c t x p .  - - - - - - - - - 

p l i t u d e  a e a s u r e m e n \ s  v e r e  o b t a i n e d ;  o n e  u s i n g  TI a s  

v o l t a g e  ( z s ~ o  b a s e l i n e  a m p l i t u d e ) ,  a n d  a s e c o n d  

u s i n g  t h e  a b s o l u t e  v a l u e  o f  p e a k - t o - t r o u g h  a m p l i t u d e  - "  C1.. 

d i f f e r e n c e s  (peak-to-t rough a s p l i t u d e )  . Thus,  i n f  l n e n c e s  t h a t  - 
af fec t  t h e  o v e r a l l  waveform a g  well a s  t h o s e  a f f e c t i n g  s e p a r a t e  

p e a k / t r o u g h  a m p l i t u d e s  were studied. I 

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

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

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

b e  e x t r e m e l y  small, T h i s  r e s u l t s  i n  l i t t l e  o b s e r v a b l e  

d i f f e r e n c e  when raw v a v e f o r ~ s  f o r  d i f f e r e n t  c o n d i t i o n s  a r e  

p l o t t e d  (see F i g u r e  8) , I n  a n  e f f o r t  t o  better r e p r e s e n t  

waveform changes i n  p l o t t s d  form, two  t e c h n i q u e s  were used:  a)  

v h e n e v e r  t h e r e  was o n l y  a s i n g j e  c o m p a r i s o n  b e t w e e n  two means 
P 

( b i n a u r a l  v s  m o n a u r a l  a n d  v e r t e W n a s t o i d  v s  v e r t e x / '  

n o n - c e p h a l i c )  a  d i f f e r e n c e  be tween  t h e  means was p f  otted;, 

( m o n a u r a l  m i n u s  b i n a u r a l ,  a n d  v e r t e x / n o n - c e p h a l i c  - n i n u s  

v e r t e x / a a s t o i d )  a n d ,  b )  f o r  phase, t h e  d i f f e r e n c e  o f  - e a c h  

i n d i v i d u a l  p h a s e  mean from t h e  g r a n a  mean o f  a l l  fcnr phase ,  
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c o n d i t i o n s  ( a t  each i&fff ivFdual pFZZ tranghf was p l o t t e d .  ' . 

In all cases, p l o z t i n g  Is s i m p l y  a r e p r e s e n t a t i o n  o f  t h e  A l O V A  

f i r i d i n g s  acd d o e s  r o t  represent a n  a n a l y s i s  of  t h i s  l i p e a r  

t r z n s f o r m a t i o n .  

I n i t i a l  a n a l p s i s  of v a r i a n c e  i n d i c a t e d  l i t t l e  o r  n o  sex 

differences, t h u s  a l l  A B O V A s  were c a r r i e d  n u t  ignoring sex. A 

t k z e f a e t o ~  f2 -* 2 r y wi ~ i a  sub *cts anaQsFs a•’ n a r i a ~ c e  

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

(electrode d e r i v a t i o n  x b i n a u r a l / m o n a u r a l  s t i m u l a t i o n  x 

s t i m u l u s  p h a s e )  , Each peak and  t r o u g h  was a n a l y s d  s e p a r a t e l y  

r e s u l t i n g  i n  40 a n a l y s e s .    here i s  n o  t h e o r e t i c a l  r a a s o n  t o  

c o n s i d e r  t h e  t w o  l a t e n c y  ara lpses  a n d  t h e  tw% amplitude 

analyses t o  be orzhogonal,  t h u s  a l p h a  l e v e l s  were adjusted t o  a  

p m b a b i l i t y  l e v e l  of 0 .0  13 f o r  d e t e r m i n i n g  s i g n i f i c a n c e  1 

( a l t h o u g h  c o n s i d e r e d  t o o  r e s t r i c t i v e  f o r  t h e  p r e s e n t ' s t u d y ,  an 

a l p 6 a  l e v e l  adjns-%ed f o r  t h e  4 0  a n a l y s e s  would  h a v e  * t o  be s e t  

to 0,001). A t&st of the s y m i e t r y  of t h e  v a r i a n c e / c o v a r i a n c e  

mat=ix vas carr ied o a t  *for all a n a l y s e s .  A11 s i g n i f i c a n t  a 

r e s u l t s  =hat f a i l e d  t o  s h q v  s y m e t r y  a t  a p r o b a b i l i t y  - l e v e l  of 

0.05 were reassessed u s i n g  t h e  c o n s e r v a t i v e  test p r o c e d u r e  

o u t l i n e d  by Eyers (1372 ,  p. t 7 7 ) .  Any significant d i f f e r e n c e  

f a i l i n g  t o  reach the 0.025  level of p r o b a b i l i t y  w i t h  t h i s  t e s t  
- - - - 

*as not cunsiderea, 
- 

BUDP2V ( A n a l y s i s  o f  Variance a n d  C o v a r i a n c e  i n c l a d i n g  r e k a t e d  - 



measures) o f  ' t h e  H e a l t h  S c i e n c e s  Comput ing  Pacilit p, U C L A ,  

1377. One f u r z h ' e r  a n a l y s i s e  o f  v a r i a n c e  (sex by ea r )  was 

c a r r i e d  o u t  for P5. The  l e f t  P5 and r i g h t  P5  l a t e n c i e s ,  f o r  

this a a a l y s i s ,  were o b t a i n e d  b y  a v e r a g i n g  t h e  a q n a u r a l  raw 

l a t e n c y  m e a s u r e s  f o r  VE-C a n d  VH-R p r e s e n t e d  tc e a c h  ear. T h e  

same t r a n s d u c e r  was u s e d  f o r  b o t h  ears t o  e l i n i n a t e  p o s s i b l e  
- - -  - 

a e c h a n i c a l  d i f f e r e n c e s .  A 1 1  c o n p ~ t e r  c a l c u l a t e d  m e a n s  were 

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

p r o p a r l y  r e a d .  

hblOVA TabAes fo r  a l l  p e a k s  a n d  t r o u g h s  f o r  t h e  t w o  l a t e n c y  

a e a s u r e s  a n d  t h e  t u o  t a p l i t a d e  n e a s u r e s  are p r e s e n t e d  i n  

A p p e n d i c e s  B t h r o u g h  E .  F r e q u e n c y  h i s r o g r a n s  o f  e a c h  peak a n d .  

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

appendix H. Pigore 9 i l l u s t r a t e s  t h e  composite waveform a c r o s s  
, . 

a l l -  s u b j e c t s  a n d  c o n d i t i o n s ,  a n d  T a b l e  Two s h o u s  - t h e  raw 

l a t e n c y  a n d  z e r o  b a s e l i n e  a m p l i t u d e  means  for  a l l  Haves  a n d  

troughs. A 1 1  aeans are w i t h i n  t h e  b o u n d s  r e p o r t e d  by o t h e r  

a u t h o r s ,  o t h e r  t h a n  P2  ( p u b l i s h e d  r a n g e  2.4-2.8 msec) . It ig 

of i n t e r e s t  t h a t  with the p a r t i c u l a r  r e c o r d i n g  p a r a m e t e r s  u s e d ,  

P5 s h o w s  a smaller flwaveformtl p o s i t i v i t y  %as m t a s u r e d  from a n  "* 

a r b i t r a r y n  waveform baseline) r h a n  r h a t  o f  PV e (a n o t  uncommon k t 
f i r d i n g  i n  t h e  l i t e r a t ' u r e ;  e . g . ,  Schulman-Galambos a n d  

- - - 

Gdlambos,  1375; a n d ,  S t a r r  a n d  Achor, 1375) . I n  a d d i t i o n ,  
- 

- 

t h r o u g h o u t  t h e  b l l n d  p e a k  d e t a r ~ i n a t i o n ,  i t  seemed a p p a r e n t  

t h a t  P6 a n d  T6 were o c c u r r i n g  i n  o n l y  a p p r o x i m a t e l y  h a l f  t h e  
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TABLE THO --  LATEHCIES 2 1D AHPLITUDES 

Have - Rav 

Latency 

FOR C O U P O S I T E  B E B  

B a s e l i n e  

A m p l i t u d e  

Bore: Latenc i s s  are in msec and a m p l i t u d e s  in u v o l t s .  
-- 
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rere obtained (P3 and .T5 .dd n o t  neat t h e  .inisom *'sac 

T6: p > ,100 
* 

Por latencies reasared fro. T 1 ( d e r i v e d  latencies) , no ' 
s i g n i f i c a n t  differences were shown: 

- P2: p =  . O f 4  
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' For p e a k - t o - t r o u g h  a m p l i t u d e  d a t a  t h e  f o l l o w i n g  p  v a l u e s  were 

o b t a i n e d :  

P 5  was n o t  c a l c u l a t e d  f o r  p sak - to -  t r o u g h  a m p l i t u d e  d a t a  

since d a t a  f o r  T4 were m i s s i n g .  I n  compariSg zero b a s e l i n e  

a m p l i t u d e  d a t a  w i t h  p e a k - t o - t r o u g h  a m p l i t u d e  d a t a  i t  must  b e  

k e p t  i n  mind t h a t  w h e r e a s  zero b a s e l i n e  a m p l i t u d e  d a t a  

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

b a s e l i n e ,  p e a k - t o - t  r ough  a m p l i t u d e  d a t a  r e p r e s e n t  t h e  absolute 

v a l u e  of p e a k - t o - t r o u g h  d i f f e r e n c e s .  T h u s  p e a k - t o - t r o u g h  

a m p l i t u d e  f o r  a n y  o n e  peak or  t r o u g h  r e p r e s e n t s  t h e  combined % 

e f f e c t  of r h a t  peak- or  t r o u g h  and t h e  p r e c e e d i n g  t r o u g h  or  
\ 

peak. 



P t ,  T5 a n d  T6 s h ~ c e d  s i g n i f i c a n t  d g r z f r a t i o n  x p h a s e  

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

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

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

f o r  p e a k - t o - t r o u g h  a m p l i t u d e  d a t a :  

TI: p = .004 

PY: p = .004 

p 6 :  p = ,004 

I s  r i l f u s t r a t e d  i n  Pignres  15 t h r o u g h  17. for TI, BB/RC 

d i f f e r e n c e s  f o r  b o t h  V B  and Y Y  show t h e  same p a t t e r n  -- R R  

r e s u l t s ' i n  g r e a t e r  a n p l i t u d e s  z h a n  d o e s  RC. T h e  CC/CR 
.. - 

d i f f e ' r e n c e s ,  h o w e v e r ,  a r e  n o t  s i m i l a r  b e t w e e n  V B  a n d  VN. d 

A l t h o u g h  t h e  d i r e c t i o n  o f  differetce  is t h e  saae,  t h e  V H  
' 

c o n d i t i o n  r e s u l t s  i n  a much larger d l f f  e r e n c e  (CR resuf ting i n  

g r e a t e r  a m p l i t u d e s  t h a n  CCf . I n  a d d i t i o n ,  t h e  V H  C C / C R  

h z p l i t u d e s  axe  g r s a t t i  z h a n  t h a  VI C C I C R  a a p l i t o d e s .  F o r  PU, 

t h e  p a t t e r n  i s  r e v e r s e d  wi:h RC a n d  C C  s h o w i n g  g r e a t e r  

a m p l i t u d e s  t h a r  B R  a n d  CB r e s p e c t i v e l y .  T h i s  i s  i n '  a c c o r d a n c e '  

with  t h t  f i n d i n g  f o r  P h a s e  d i s c u s s e d  below. 

One d e r i v e t i a n  x B I / H O H  i s t e r a c t i o n  was a l s o  s i g n i f i c a n t  

f o r  p e a k - t o - t r o u g h  a m p l i t u d e  d a r a  O ( ~ i ~ u r e  1 8 ) '  T6: p  < .001. 

IH is lore p a s i ~ A u e  than YB f o r  h i n a o r a l  a m p l i t u d e s  b u t  s h o w s  

l i t ' t l e  o r  n o  d t f f e r e n c e  f o r  c o s b i r e d  m o n a u r a l  d a t a .  
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C, ~ i n a u r a i  v s  C o ~ b i n e d    on aural Effects 

c.i 

1 )  L a t e n c y  8 ~ a s u r e s  
t >  

F i g u r e s  59 and 20 i l l u s t r a t e  the B I / H O N  d i f f e r e n c e s  for 
A!: 

t. l a t e n c i e s .  Raw l a t e n c i e s  for B I  a r e  s i g n i f i c a n t l y  s h o r t e r  a t  

P5  and  T5. A s i m i l a r  p a t t e r n  i s  found for d e r i v e d  l a t e n c i e s .  
s 

The f o l l o w i n g  a r e  t h e  p v a l u e s  o b t a i n e d  for raw l a t e n c i e s :  

P I :  p = * 0 1 $  

The f o l l o w F n g  are t h e  o b t a i c e d  p v a l u e s  for d e r i v e d  

P2: p > e l 0 0  

l a t e n c i e s :  , 
-v 
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2 )  l a p l i t  ade Measures 

Figures 21 and 22  i l l u s t r a t e  t h e  BI/BOI differences  as a 

--fanc&n ~ f d . p f l t a - d e ; - ~ ~ - & s s s  -ere-stgxificance o c ~ q r s ,  

BOP a i p l i t u d k s  are mxe p o s i t i v e  than BI a ~ p l i t n d e s ,  The 

following 

data :. 

a r e  :he o b t a i n e d  p values for  zero b a s e l i n e  anplitnde 

- 

The f o l l b v i n g  are t h e  p v a l u e s  f o r  peak-to-trgugh amplitude 
,@ 

data: 
- 

T t :  p 



"'"I. r 

I) 

f 
* 

f 
* 

f l ??  A 
@ - C am3 BER WVES 





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

c o ~ d i t i o n s  ( F i g u r e s  2 3  t h r o u g h  25)  : a t  P4 ( p  = . 0  12) and P6 (p 

= .005) f o r  z e r o  b a s e l i n e  a ~ p l i t u d e  d a t a ,  a n d  P6 ( p  < ,001) 

f o r  peak-  t o - t r o u g h  a m p l i t u d e  d a t a .  Tha  p a t t e r , n s  shown a r e  

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

t h e  s a m e  p e a k s  and t r o u g h s  d i s c u s s e d  i n  s e c t i o n  B. 

D. P h a s e  E f f e c t s  

, , 
1) L z t e n c y  t l fasures  

F i g u r e s  26 a n d  27 i l l u s t r a t e  the l a t e n c y  d , i f f e r e n c e s  f o r  

t h e  f o u r  phase  c o n d i t i o n s  a t  a l l  p e a k s  a n d  t r o u g h s .  The raw 

l a t e n c y  main- e f f e c k s  a t  T5 ( p  < .0~10)  and P6 ( p  = ,001) ' do n o t  

o c c u r  f o r  d e r i v e d  l a t e n c i e s .  However,. P 3  ' ( p  < ,00 1) o c c u r r e d  

f o r  d e r i v e d  l a t e n c y  d a t a  a n d  n o t  for r a w  l a t e n c y  d a t a .  TI ( raw 

l a t e n c y  d a t a )  d i d  n o t  meet t h e  minimum r e q u i r e m e n t s  f o r  
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2 )  A m p l i t u d e  M e a s u r e s  

F i g u r e s  2 8  a n d  29 i l l u s t r a t e  t h e  a m p l i t u d e  d i f f e r e n c e s  f o r  

the f o u r  p h a s e  c o n d i t i o n s  a t  a l l  p e a k s  a n d  t r o u g h s .  P 2  t h r o u g h  

P6 main  e f f e c t s  p r o v e d  s i g n i f i c a n t  f o r  z e r o  b a s e l i n e  d a t a :  

The p a t t e r n  i s  t w o - f o l d :  f o r  t h e  r i g h t  ea r  ( v i t h  t h e  l e f t  

ear h e l d  c o n s t a n t ,  e i t h e r  R o r  C) a  c h a n g e  f r o m  a  r a r e f a c t i o n  

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

of t h e  p e a k s  a n d  t r o u g h s ;  f o r  zhe l e f t  e a r  { v i t h  t h e  r i g h t  ear 

8 he ld  c o n s t a n t )  a  c h a n g e  f r o m  a  r a r e f a c t i o n  t o  a co d e n s a t i o n  

c l i c k  r e s u l t s  i n  ar: I n c r e a s e  i n  t h e  a m p l i t u d e  o f  t he  p e a k s  a n d  

t r o u g h s .  T h e  Newman-Keuls S t u d e n t i z e d  Range S t a t i s t i c  
/" 

( A p p e n d i x  F) sh56s, h o w s v e r ,  o t h e r  t h a n  t h e  CC/CR d i f f e r e n c e  a t  

T2  a n d  PS, t h e  e f fec t  of stimulus p h a s e  p r e s e n t e d  t o  t h e  l e f t  

e a r  c a n  o n l y  b e  c o ~ s i a e r e d  a  non-significant t r e n d .  







P e a k - t e - t r o u g h  -lito& main e- shoreh--ng 

p  v a l u e s ,  a l t h o u g h  T2 and T 5  d i d  n o t  meet t h e  minimum 

r e q u i r e m e n t s  f o r  non-symmstry: 

The RC/CR means show P2 ,  P3 a n d  P4 ( f o r  R C )  t o  be more 
* 

p o s i t i v e  f o r  p e a k s  and more n e g a t i v e  f o r  t r o u g h s  (i.e., it -4'- 

"*. 
>- 

i n d i c a t e s  a  l a r g e r  waveform, a s  compared t o  t h e  CR waveform, - I 
e 

PF 

f o r  t h e s e  p e a k s  a n d  t r o u g h s ) .  The RR/CC means show t h a t  RR is 

more p o s i t i v e  fo r  P2, P3 a n d  P4,  (see Newman-Keuls T a b l e s  

Appendix F and  G ) .  It is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  R R / R C  and  

CC/CR d i f f e r e n c e s  do  n o t  r e a c h  s i g n i f i c a n c e .  Thus ,  a s  w i t h  

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

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

hfl i a t e r a c t i o n s  h a v e  b e e n  d i s c u s s e d  abo~e, These  i n c l u d e  - 

i3erivatinn x phase  i s t e r a c t i o n s  a t  TI, P4  a n d  p6 f o r  

p e a k - t o - t r o u g h  a m p l i t u d e s ;  a n d ,  B I / H O N  x p h a s e  i n t e r a c t i o n s  a t  
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H a s t o i d  A c t i v e  V e r t e x  A c t i v e  

,+@ P!> = 1 .73  msec -- P I  = 1 . 8 0  msec 

TI = 2.27 It -- TI = 2.32 " 

Uhat  i s  o f  i n t e r e s t  is t h a t  o c l y  P3 a n d  T3 show l o n g e r  

l a % e n c i e s  f o r  t h e  m a s r o i d  a c t i v e  waveform a s  compared  with t h e  

v e r t e x  a c t i v e  waveform. 

F. C o m p o s i t e  H o n a u r a l  Combined v s  B i n a u r a l  Waveforms f o r  D e l t a  

I a n d  - D e l f  a  T. 

1 )  Delta I ( F i g u r e  3 5 )  

The d i f f e r e n c e  waveform was o b t a i n e d  by s u b t r a c t i n g  t h e  

c o m p o s i t e  B I  waveform ( a v e r a g e  waveform across a l l  s u b j e c t s  a n d  

c o n d i t i o n s )  from t h e  c o m p o s i t e  HON waveform. Yhat  i s  a p p a r e n t  

i s  t h a t  D e l t a  I d i d  n o t  r e s u l t  i n  a  BI/MON l a t e n c y  s h i f t  a t  t h e  

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





- - - -  - 

( w i t h  TI b a s e l i n e )  waveform for EION, a n d  ' l a r g e r  d i f f e r e n c e s  f o r  

B I  a t  P3/T3, P4/T3 a n d  P5/TS. 

2 )  Dklta T ( F i g u r e  3 6 )  - - 

The d i f f e r e n c e  waveform was o b t a i n e d  i n  t h e  same manner a s  

v e  I. The waveforms  d o  n o t  show t h e  same a m p l i t u d e  f u n c t i o n  

a s  D e l t a  1 ( a l t h o u g h  there a p p e a r s  t o  b e  a  t e n d e n c y  toward  a n  

o v e r a l l  l a r g e r  HON waveform) . The s p e c i f i c  a m p l i t u d e  
J 

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

a t  TI/PI', T 3 / P 3 ,  T5/P5 and P6/T5. 





DISCUSS ION 

- 0  

d A m p l i t u d e  d i f f e r e n c e s  b e t w e e n  V M  a n d  V N  d e r i v a t i o n s  were 

e x p e c t e d .  . A s  e a r l y  as  1374,  T e r k i l d s e n  e t  a l .  showed  t h a t  b y  

moving the . r e f e r e n c e  e l e c z r o d e  f r o a  a n  a u r a l  r e g i o n  t o  e i t h e r  

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

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

g a i n  i n  both definition a n d  a m p l i t u d e .  S i m i l a r  f i n d i n g s  were 

r e p o r t e d  by A l i e n  a n d  S t a r r  (1 378) i n  monkeys. T h e  b a s i c  

h y p o t h e s i s  is t h a t  t h e  e a r l y  waves c o m p r i s i n g  c h e  AP c o m p l e x  

(BER p e a k s  o n e  t h r o u g h  t h r e e )  are  h e t e r o p h a s i c  when c o m p a r i n g  

t h e  m a s t o i d  t o  t h e  v e r t e x ,  w h i l e  t h e  l a t e r  w a v e s  a r e  

h o m o p h a s i c .  Thus ,  a  c h a n g e  i n  r e f e r e n c e  f r o m  a  mastoid t o  a 

n o n - c e p h a l i c ,  o r  2 e u t r a l  BER s i t e  s h o u l d  r e s u l t  i n  a a p l i t u d e  

d e c r e a s e s  ( a n d  p o s s i b l y  l a t e n c y  c h a n g e s )  I n  t h e  e a r l y  waves ,  

- w i t h  t h e  o p p o s i t e  e f fec t  i n  t h e  l a t e r  waves ,  

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

r e f e r e n c e ,  t h e  VB d e r i v a t i o n  d i d  g i v e  a  l a r g e r  p o t e n t i a l ,  

however ,  t h i s  o c c u r r e d  f o r  a l l  waves  o t h e r  t h a n  P 1. I n  
- - - -  - - 

g e n e r a l ,  f o r  b o t h  t h e  waveform a a p l i t u d e s  ( a m p l i t a d e s  based on 

z e r o  v o l t a g e  a t  TI) a n d  t h e  p e a k - t o - t r o u g h  a b s o l u t e  a m p l i t n d e s ,  

V B  r e s u l t e d  i a  a n  o v e r a l l  l a r g e r  waveform. Rhy do  t h e  p r e s e n t  



- - -- 

date n o t  show t h e  saae 31 shift i n  a m p l i t u d e  a s  shown b y  

T e r k i l d s e n  et al,, azid B i i e n  a;rd S t a r r ?  In both the above 

studies, a o n a u r a f  s t i n u l i  were used ( 4 0 0 0  Hz tone pips in rhe 

T e r k i l d s e r  et al. s t u i l g  v i t h  no information as to direction of 
+, 

initial t r a n s d u c e r  C F a p h r a g ~  a o v e a e n t ;  a n d ,  r a r e f a c t i o n  10 u s e c  

c l i c k s  in z h ~  Bliss a ~ d  S ~ a z r  S t u d y ) ,  whereas binaural s t i m u l i  

.era used i n  t h e  pzesent s tudy .  2 & i r h o u g h  the definitive 

erpfr inect  c o m p a r i n g  s c n a u r a l  and  ina aural s t i a u l i  a s  t h e y  

e f f e c t  PI has  a o t  bean d m e ,  i t  a a y  b e  t h a t  t h s  o p p o s i t e  

polarity p o t e n c i z l  p r o Z u c e d  a t  the c o n t t a l a t e r a l  m a . s t t o i d  fas 

compared to the i p s i f a - e r a 1   ast to id), shown i n  P i q n r e  33 a n d  

also f e p o r t e d  b y  Picton e: a i .  ( 1 9 7 4 )  , may h a v e  r e s u l t e d  i n  a 

r e d u c t i o n  o f  a m p l i t u i e  a: the a a s t o i d ,  If ore can assume the 

h e t e r o p h a s i c  properties snggesred by T e r k i l d s e n  et al, the2 the 

pro?ossd  c a n c e l l a t i o o  ef f a c c  o f  rhe  b i n a u r 3 l l y  p r o d u c e d  n a s t o i d  

p o t o - ~ t ~ s i  as  soerr b y  ? h e  3 : f fe r snc ;a l  a m p l i f i e r  would result i n  
* 

a s a a i i e z  P I  vhar i  c c a ~ a r s 3  w i t n  L p s i l ~ t e r a l  a o n a u r a l  

s t F n u l a t i o n ,  I n  ~ f f a c r ,  z z e  b l ~ a o r a l  e v o k e d  p o t e n z i a l  w i t h  a 

a s s t o i d  ref eience uoillj. l o r t  c lo se ly  resenble  the p o t e n t i a l  

reccrded  vith a p a n - c s p h a 1 L c  rs fszsnce  thzn t h e  e q u i v a l e n t  

a o c a u r e l  c o x p a z i s ~ s .  On the othez h a n d ,  rhe neck r e f e r e n c e  

-. >LC% used b y  T e r k L i 5 s s z  e: a l ,  n 3 y  nett have b e e n  - a c o ~ p f e r e l y  

lentral site- (as  s n g g e s r e 3  by A i l e n  a p d  Starr  w i t h  monkeys} and 

mzy h a v e  r e s n l - e d  i3 t pc:er,riai ( a s  saen b y  t h e  d i f f e r e n t i a l  

a n p l i f L e r )  that n 3 y  h a v e  decrease i  -,he e a r l y  p o t e n t i a l  r e c o r d e d  



c4 - - - - - -- - 

a t  t h e  v e r t e x ,  T h e  c o n c l u s i o ~ ?  r e a c h s d  i s  t h a t  V N  r e s u l t s  i n  a n  

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

h o a o p h a s i c  p a t t e r n  f o r  311 waves a t  b o t h  t h e  v e r t e x  a n d  m a s t o i d  
' / 

as coxpared with the n o n - c e p h a l i c  s i t e  when b i n a u r a l  s t i m u l i  

The l a t e n c y  effects o f  zhese t w o  e l e c t r o d e  d e r i v a t i o n s  
v 

i n d i c a t e  a r  important f e a t u r e :  l a t ' e n c i e s  f o r  P2 a n d  T 2  are 

s i g n i f i c a n t l y  s h o r t e r  f o r  V H  t h a n  V N  f o r  raw l a t e n c y  m e a s u r e s ,  

a n d  b e o m e  n o n s i g n i f i c a n t  when t h e  l a t e n c y  o f  TI i s  s u b t r a c t e ' d .  

T h i s  g i v e s  s u p p o r t  t o  t h e  s u g g e s t i o n  ( P i c t o n  e t  a l . ,  1974)  t h a t  

t h e  P 2  g e n e r a t o r  source a i a i c s  a t r a n s v e r s e  h o r i z o n t a l  d i p o l e .  

In a d d i t i o ~ ,  there i s  an  i n d i c a t i o n  t h d t  t h e  two t r o u g h s  do  

ref lecz  CAS i n f d r a a t i o n  p r o c e s s i n g  s u g g e s t i n g  t h e  need  t o  

irclude b o t h  p a k ' a n d  r r ~ a g h  a e a s u r e m e n t s  i n  a l l  BER s t u d i e s .  

B. B i n a u r a l  v s  Combined M o r a u r a l  S t i m u l a t i o n  

The c o m p a r i s o n  of b i n a u r a l  e v o k e d  r e s p o n s e s  w i t h  c o m b i n e d  

e q u i v a l e n t  m o n a u r a l  evoked r e s p o n s e s  was e x p e c t e d  t o  i n d i c a t e  

t h e  p r a s e n c e  o f  b i n a u r a l  i n t a r a c t i o n  effects. A s  s t a ted  

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

c o n d i t i o c ,  3s c o m p a r e d  w i t h  the nObl c o n d i t i o n ,  would  be t a k e n  - 
" - 

a s  a n  i n d i c a t i o n  of  b ~ n s u z a l  i n t e r a c t i o n  w i t h i n  the g e n e r a t o r  
-- - - 

source. For a ~ p l i t a d e  d a t a ,  t h e  r e s u l t s  are mot  a s  d e f i n i t i v e  
- - * 

a s  e x p e c t e d .  O t h e r  t h a n  t h e  z e r o  b a s e l i n e  d i f f e r e n c e s  a t  -P4, 

bozh a o p i i z u d e  analyses s h o v  the s a n e  p e a k  s i g n i f i c a n c e s  ( i .e . ,  
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a r e  s i g n i f  f c a n r  o r  not f o r  the ' s low wave, t h e p c o i n c i d e n t a l  

a l g e b r a i c  summation o f  ths two may have  r e s u l t e d  i n  t h e  z e r o  

b a s e l i n e  a n p l i ? u d l  showing s i g n i f  i c a n c o .  The D e r i v a t i o n  x 

BI/HON x P h a s e  i n r e s a c t i o n  s u g g e s r s  t h a t  t h e  P4 d i f f e r e n c e  f o r  

, B I / H O I  is t h e *  r e s u l t  o f  the r a r e f a c t i o n  c i i c k  s t i m u l u s  
- . 

p r e s e n t e d  t o  t h e  right ear. T h i s  s u g g e s t s  ( a s  d i s c u s s e d  i n . C  

below) t h a t  a basic ikifXerence ezists between t h e  ears i n  the 

c o d i n g  of d i f f e r e n c e s  i n ,  phase .  

The l a t e n c y  e f f ec t s  a re  of p a r t i c u l a r  i n t e r e s t :  s i n c e  t h e  

s i g n i f i c a n t l y  shorter  l a t e n c i e s  s e e n  a t  PS and  T 5  for B I  raw 

l a t e n c y  d a t a  a r e  a l s o  p r e s e n t  f o r  d e r i v e d  l a t e n c y  d a t a ,  s u p p o r t  - 
\ is g i v e n  t o  B a l l m a n ' s  (1377) f i n d i n g  t h a t  t h e  p e a k s  and t r o u g h s  

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

r e p r e s e n t  CAS i n f o r a a t i o n  p r o c e s s i n g .  S i n c e  F i g u r e s  19 and 20 

do not show a progressive d e c r e a s e  i n  l a t e n c y  f o r  BI i n  t h e  

p e a k s  and  t r o u g h s  p r e c e e d i n g  P5, t h e  d i f f e r e n c e  i s  n o t  simply 

an a c c u m u l a t i o n  effect;  t h a t  is, i t  i s  n o t  t h e  r e s u l t  of n u c l e i  

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

r e s u l t  o f  g r e a t e r  B I  I n p u t .  Therefore, i t  must be c o n c l u d e d  

t h a t  P5 and  T 5  r e p r e s e n t  b i n a u r a l  c o d i n g  r e s u l t i n g  i n  a  

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

a n p l i t u d e  a t  PS when c o n p a r e d  wi th  #ON. I n  a d d i t i o n ,  s i n c e  
- ------ - -  

s i g n i f i c a n c e  was n o t  o b t a i n e d  for  Pl, T I  o r  P2, t h i s  may be an 

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





terms o f  c lass ica f  BZB r a s e s r c h ,  the CB i s  t h e  f i r s t  n u c l e u s  

that is likely t o  a e  s p e c i f i c a l l y  i c v o l v e d .  However ,  s i n c e  

b i ~ a u r a l  interaction a t  t h i s  l e v e l  c a n  occur o ~ l y  v i a  t w o  

s y c a p t i c  &lays f r ~ r  t h e  opposite CU, i t  is d o u b t f u l  whether 

?he tise factor i s  g r e a t  a n o a g h  t o  be  a c c o u n t e d  f o r  by this OCB 

i n p u t ;  i n  a d d i t i o n ,  t h i s  type of b i n a u r a l  interaction has not. 
- - 1 - - - - -  

. been shown  in hnrans  [ S u l l c k ,  137 I ) .  T h u s ,  t h e  e f f ec t  is  

L k e l y  t h e  resulr of c c d i n q  a t  the cochlea .  S L n c e  the effect  

appears ref a % F ~ e f y  f F ~ + a z  &fez ail p a k s  and traugns,  a long  
* 

uirh t h e  r~sttLrs  2f t h e  B L / E 0 9  c o l r p a r i s o n s  for P4 discnssed 

above, it aay b e  that t h e  C B S  is c o m p r i s e d  of a n  i n f  crmation 

processi~g d u a f  ity: 050 s y s t e m  encodes t h e  time a n d  i n t e n s i t y  
d 

c o a p o r e ~ t s  of a ndi =ozf s 5 m u i i  and tran srits t h i s  i n f o r m a t i o n  

r e l a t i v e l y  ~ z c h a n q e d  :3 the c o r t e x ;  a n d ,  a s e c o n d  system 

f u r t h e r  processas these a o n r a i  t r a n s m i s s i o r s  t o  e x t r a c t  
* 

F n f o r a a t i o n  pertaining :a soand l o c a t i o n  i n  space .  I n  

a d d i t i o n ,  a s e c 3 n d  d u a l i t y  is suggested (siailar to that 'of 

C ~ a t s  a r d  Har ten,  1377 )  bp t h e  d i f f e r e n t  phase f u n c t i o n  for 
- 

p z s . k - t o - h a g b  a a p l i t a i e  data and t h e  lack of any phas+ l a t e n c y  
i 

ef fec t s  (when coapa ricg raw latency with d e r i v e d  1 atency) . 
4 

This is b a s e d  on r h e  h y p o t h s s i s  t h a t  if t h e  zero b a s e l i n e  



s h c u i o g  g r e a t e z  a l p l i t  u d e s  (a known BER phenomenon) .  The 
d 

problela is  t h a r :  the a ~ p l i t u d e  d i f f e r e n c e s  may h a v e  b e e n  t o o  

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

t$e i r p f i c a ' t i o n  is t h a t  oqe system r e s u l t s  i n  t h e  f a s t  peak a n d  

-,roaqh a c t i a i t y ,  w h i l e  the s e c o n d  r e s u l t s  i n  a slow wave 

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

produce t h e  32B.    he xuo are n o t  l l k e l g  t o  b e  ~ o t u a l i y  

xc n s i v e ;  since, :he s u m m a t i n g  p r a p e r t i e s  o f  t h e  a v e r a g i n g  m 
hniqne d o e s  n o t  a l l o w  t h e  s e p a r a t i o n  of t h e  two d i f f e r e n t  

C1 

e v o k e d  p c t s n t l a l s i f  t h i s  i s  still a n  o p e n  q u e s t i o n .  

kt o d d s  with t h e  s u g g e s t i o n  f o r  t h e  BI/BOH c o n d i t i o n s ,  t h e  

T3/P4  d i f f e r e n c e s  e r e  s i g n i f i c a ~ t  f o r  t h e  p h a s e  c o n d i t i o n s .  

Tkis a g a i n .  s u g g e s t s  s i ther  o v e r l a p p i n g  c o n t r i b u t i o n s  t o  t h e  BER 

p e a k s  a n d  troughs, o r  the differenr c o n t r i b u t i o n  'of s u b u n i t s  

u l t h i ~  s p e c i f i c  nuclei. 

The z e r o  b a s e f i n ~  a n p l i t u d e  p h a s e  e f f e c t s ,  i n  g e n e r a l ,  

skcv a I e f t / r i q k  difference i n  t h e  c o d i n g  o f  t h e  s p e c i f i c  
I 

rarefact ioi i  and c o n d a s a t i o n  s z i n u l i  u s e d  -- a  t o t a l l y  

n a e x p e c t e d  and intriguing f i n d b g .  The f u n c t i o n  i s  s u c h  t n a t  a  

s i q n i f i c a n t  B/C d i 4 f f e r e n c e  f o r  t h e  r i g h t  e a r  w i t h  t h e  l e f t  ea r  

h e l d  c o n s t a n t  I s  s5uu1: as a r e L a r i v e  i n c r e a s e  i n  p e a k / t r o n g h  

p ~ s l z i v i t y  fur 2. For %he left ear ,  with the r i g h t  ear h e l d  
- - - 

c o c s t a c t ,  z k i s  sale E F f e r e n c e  results i n  a  n o n - s i g n i f i c a n t  - - 

tzend i n  che opposlza a i r e c t i o ~ .  F i g u r e s  37 and 3 8  (the 

f n n c t i ~ n s  for 7 8  2nd V9 p l o t t e d  s p e a r a t e l y )  i n d i c a t e  t h e  s a m e  
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- - 

g e n e r a l  t r e n d  f o r  b o t h  d e r i v a t i o n s ,  w i t h  V N  s h o w i n g  a larger 

d i f f e r e n c e  t h a n  VH, s i m i l a r  t o  t h a t  d i s c u s s e d  above .  What t h i s  

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

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

t r a n s m i s s i o n  of a u d i t o r y  s i g n a l s  a t  i n i t i a l  CAS n u c l e i ,  o r  

p o s s i b l y  t h e  c o c h l e a ,  between t h e  r i g h t  and left ears. One 
A 

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

d i f f e r e n c e s  a r e  s m a l l .  It is a l s o  i m p o r t a n t  t o  c o n s i d e r  why 
(y < 

t h e y  h a v e  b e e n  shown i n  t h i s  stu&..yxand not o t h e r s .  The 

p o s s i b l e  r e a s o n s  a r e  t h r e e - f o l d :  a )  t h i s  i s  t h e  f irst  s t u d y  

t h a t  set o u t  t o  i n v e s t i g a t e  t h e  b i n a u r a l  p r o p e r t i e s  o f  R a n d  C 

- s t l r n u l i .  ~ 1 1  p a s t  s t u d i e s  h a v e  e i t h e r  u s e d  monaura l  

s t i r n u l a t i o r ,  o r  a  c o m p a r i s o n  be tween  monaura l  a n d  b i n a u r a l  . 
s t i m u l a t i o n ;  ,b)  a m p l i t u d e  d a t e r m i n a t i o n  of  t h e  p e a k s  i s  a v e r y  

h e t e r o g e n e o u s  p r o c e s s  a c r o s s  s t u d i e s  (as d i s c u s s e d  i n  t h e  

i n t r o d u c t i o n ) .  T h e  a u t h o r  is n o t  p r e s e n t l y  a w a r e  of a n y  o t h e r  

s t u d y  t h a t  ~sed,~T-r'as an  a r b i t r a r y  z e r o  v o l t a g e  p o i n t  ( P i c t o n  

and    ill yard, 1974,  u s e d  a  m i d p o i n t  be tween  TI and T 2  b u t  d i d  
* 

n o t  t e s t  f o r  r i g h t / l e f t  d i f f e r e n c e s ) .  A l though  i t  i s  d i f f i c u l t  
', 

t o  see how t h i s  would r e s u l t  . i n  t h e  p r s s e n t  f i n d i n g ,  f u r t h e r  

e x p e r i a e ~ t a t i o n  c o a p a r i n g  d i f f e r e n t  a 'mp l i t ude  d e t e r m i n i n g  

p r o c e d u r e s  is i n d i c a t e d ;  _ a n d ,  c) t h i s  s_ t_udp_ases  a- u n i q u e  

method t o  p l o t  k i n o r  a s p l i t n d e  d i f f e r e n c e s  ac ros - s  p e a k s  and 

t r o u q h s ,  r e s u l t i n g  i n  a uaveform i n  which  t h e  p e a k s  and  t r o u g h s  

can be e a s i l y  compared for r e l a t i v e  a m p l i t u d e  c h a n g e s .  



It i s  d i f f i c u l t  t o  s p e c u l a t e  o n  t h e  m e a n i n g  o f  the= 

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

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

e q u a l i t y  o r  h a v e  s i a p l y  n o t  l o o k e d  f o r  d i f f e r e n c e s .  It is  

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

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

direction a c r o s s  s w e e t s  points t o  f u n d a m e n t a l  d i f f e r e n c e s  and 

r e q u i r e s  f u r t h e r  s t u d y .  T h e  f u n c t i o n  ( i f  a n y )  a n d  c a u s e  o f  

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

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

( w h e t h e r  t h e  r i g h t  or  l e f t  ear is h e l d  c o n s t a n t )  t h a t  a c h a n g e  
. - \  

f r o a  a n  R t o  a C s t i m u l u s  r e s u l t s  i n  smaller r e l a t i v e  

a m p l i t u d e s ,  s i m i l a r  t o  the z e r o  b a s e l i n e  d a t a .  - A g a i n ,  t h i s  

s u g g e s t s  a  b a s i c  c o d i n g  d i f  • ’o f  e n c e  i n  a t *  l e a s t  P2, P 3  a n d  P 4  
-1  

' g e n e r a t o r  s o u r c e s .  g h a t  is of i n t e r e s t  i s  t h e  a p p r o x i m a t e  

c o i n c i d e n c e  o f  a l l  f o u r  c o n d i t i o n s  a t  T 3 / P 3 ;  i t  may be t h a t  
\ 

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

c o d i n g  (Ga lambos  e t  a l . ,  1353) i s  a l s o  r e p r e s e n t e d  i n  t h e  BER. 

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

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

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

is shown between T 2 / P 3  a n d  P 3 / T 3  B e a s u r e s ,  a g a i n  g i v i n g  s u p p o r t  

t o  t h e  c o n t e n t i c n  t h a t  BER t r o u g h s  do represent a u d i t o r y  

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



T h e  p h a s e  l a t e n c y  effects for raw latency &o not showtrp -- 

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

d e r i v e d  l a t e n c i e s  r e p r e s e n t  o n l y  n e u r a l  CAS p r o c e s s i n g  ( i .e  ., 
h i g h e r  n u c l e i  i n  t h e  C A S ) ,  t h a t  these s i g n i f i c a n c e s  a re  a 

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

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

the l a c k  of l a t e n c y  d i f f e r e n c e s  s u p p o r t  t h e  e x p s c t a t i o n  of no  

d i f f e r e n c e  be tween  RC a n d  CR.  However, t h e  l a c k  o f  RR/CC 

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

t h e  l i t e r a t u r e  e i t h e r  a r e  c a n c e l l e d  by b i n a u r a l  p o t e n t i a l  

f i e l d s ,  o r  t h e  p a r t i c u l a r  s a m p l e  o f  s u b j e c t s  d i d  not f a l l  i n t o  

t h e  p o p u l a t i o n  of i n d i v i d u a l s  t h a t  show p h a s e  e f fec t s  ( O r n i t z  

and  W a l t e r ,  1375, 1 3 7 6 )  . 

D. Delta I a n d  Delta T 

The Delta I a n d  D e l t a  T waveforms s u g g e s t  a number  of 

p o s s i b i l i t i e s :  

- 
a )  s i n c e  D e l t a  I d i d  n o t  r e s u l t  i n  o b s e r v a b l e  l a t e n c y  

i d i f f e r e n c e s  betw n  B I  a n d  MON, it is p r o b a b l e  t h a t  the 

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

are  b i l a t e r a l l y  e q u a l  w i t h i n  t h e  CAS. With t h e  p a r t i c u l a r  

a v e r a g i n g  procedure u s e d ,  these woul& t h e n  cancel; 

b) s i n c e  Delta 1 d i d  result o v e z a l f  i n  a tore p ~ s i t ~ v e  

vave fo rm fo r  HOl, w i t h  t h e  s p e c i f i c  p e a k - t o - t  r ough  l a rger  
U 



- -- 

d i f f e r e n c e s  f o r  B I  a t  P3/T3, P4/T3 a n d  P5/T5, it i s  

p o s s i b l e  c h a t  i) 'he slow wave c o m p o n e n t  r e p o r t e d  i n  t h e  

l i t e r a t u r e  is more a f u n c t i o n  of m o n a u r a l  t h a n  of b i n a u r a l  

s t i m u l a t i o n  a n d  ii) t h e  f i n d i n g  (and  e x p e c t a t i c n )  o f  

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

a r e  r e p r e s e n t e d  i n  t h e  l i t e r a t u r e )  does  n o t  h o l d  when t h e .  

s t i m u l u s  i n t e n s i t i e s  a r e  n o t  e q u a l .  A p o s s i b l e  h y p o t h e s i s  

i s  t h a t ,  i f  we a s s u m e  m o n a u r a l  c l i c k s  of 65 dB r e s u l t  i n  

t h e  a c t i v a t i o n  o f  more t h a n  h a l f  of a  common l e f t / r i g h t  

n e u r o n a l  p o p u l a t i o n ,  i t  is c lear  t h a t  t h e  a l g e b r a i c  

s u m m a t i o n  o f  t w o  e v o k e d  mona&al BER waves  w i l l  r e s u l t  i n  
P 

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

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

t h e  c l i c k s  h a s  an i n t e n s i t y  c o n s i d e r a b l y  balow t h e  o t h e r  

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

BER a m p l i t u d e  l e s s  t h a n  t h e  maximum p o s s i b l e ,  i t  i s  

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

i n t e n s i t i e s  w i l l  r e s u l t  i n  g r e a t e r  BER a a p l i t u d e s .  T h i s  
, 

would  o c c u r  s i n p l y  b e c a u s e  a g r e a t e r  number  of c o i n c i d e n t  

i m p u l s e s  would impinge o n  s p e c i f i c  n u c l e i  d u r i n g  b i n a u r a l  
* 

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

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



- - - - - - -- 

C) s i n c e  ~ e l i a  T r e s u l t e d  i n  d e c r e a s e d  amplirudes a t  P3/T3 

a n d  P5/T5 f o r  B I ,  a d d i t i o n a l  support is  g i v e n  to t h e  

o r i g i n a l  hypothesis, =hat t h e  generatcrs o f  t h e s e  

p o t e n t i a l s  (i. e., SOC a n d  I C )  are involved i n  b i n a u r a l  ' ,- 

p r o c e s s i n g ,  

'Wese two paraaiges s h o u l d  be pr ime  c a n d i i i a t e s  f o r  T u t u r e  

r e s e a r c h .  



This study s e r  out t o  de ta rn ine  the extent of CAS b i n a u r a l  

processing represez ta t ion  zc t h e  BER, Clear eridenca f o r  

was shown. I n  a d d i + i o ~ ,  s u p p o r t ,  uas p r o v i d e d  for t h e  

f o l l o w i n g :  

a)  a ze i terat lo3  of the BER active nature of m a s t o i d  

"ref erencen sites ; 

b )  t h e  a i m i c k i o g  o f  dFpoie c o n f i g u r a t i o n s  by  P2; 

c) a l a r g e r  overal: v e r t e x / n o n - c e p h a l i c  waveform, as compared 

w i t h  a vertex/aastoid vavsforn,  suggesting t h a t  a l l  BER 

tizves are Comophaslc a r  Lhe v e r t e x  and  mastoid; 

d ) ~  ac t ive  C1S p r o c e s s i a g  represented i n  s o w  BER tronghs; 

e )  BZB representatior; of a d m 1  C h S  i n f o r a a t 2 0 n  p r o c e s s i n g  

system -- on2 h v o l v i n g  peripheral c o d i n g ,  and a second 

i r v o l v i ~ g  c e c t r a l  d e c o d i ~ g  and encoding f o r  lacakization; 

f f  phase -cod ing  a s  a r  end-organ process;  
J 

4 )  E r i g h z / l e f t  diffecsace ia rhe c9d ing)and  t r a n s ~ i s s i o n  of 
.- * 

i n f o r s a t i o ~  c o r c e i 3 h g  p h a s e ;  



- - - - - - - - - -  

i] possibility that t h e  BER "slow wavets i s  a m o n a u r a l  

One f i n a l  n o z e :  t h e  most p r e s s i n g  need i n  BER r e s e a r c h  a t  

p r e s e n i  i s  a c o a p c e h e n s i v s  study of t h t  effects of a l l  .& 
combinat ions  of s z i n n l u s  a ~ l d  r e c o r d i n g  p a r a m e t e r s .  Hi thou*  

knowledge abouz t h e  extent of a l t a r a t i o n  t h e s e  p r o d u c e  i n  

recorAed BERs, - ~ S O B S  ~CEOSS studies' ks d i f f i c u l t ,  and - - 

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

besr. It i s  a p p a r e n t  r h a t  i f  o n e  i s  t o  u s e  the BER i n  c l i n i c a l  

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

groups must be d s v e l o p e d  w i t h i n  t h e  p a r t i c u l a r  s e t t i n g  and n o t  

from t h e  l i t e r z t n r e .  
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The f o l l o w i n g  is  t h e  p r o c e d u r e  u s e d  b y  tbe aqthor a n d  t h e  

raters f o r  

(COB posite) 

waveform of 

i n t e r e s t i n g  

p e a k s  and t r o u g h s .  i n  a v e r a g e  waveform 

of all s u b j e c t s  a c r o s s  a l l  c o n d i t i o n s ,  and an a v e r a g e  

each subject across a l l  c o n d i t i o n s ,  were used. It is 
#' 

t o  note t h a t  five o u t  of the s i x  r a t e r s  f a i l e d  t o . q e  
3 

.. i 
Your task r i l l  be t o  ddtermine t h e  s i x  p e a k s  tP) and f i v e  

/' 
troughs (T) a s  i l l e s t r a r e d  on y o u r  n a s t a r  c o m p o s i t e .  The t a s k  

reguires two st2ps: a )  t o  d e t e r m i n e  t h e  peaks a n d  t r o u g h s  on t h e  

s n b j a c t  composites from t h e  masier c o m p o s i t e ;  and ,  b) t o  

deteraine the peaks a n d  troughs or t h e  raw ravefcrms u s i n g  the 

appropziate subject ~ r p 3 s i t e .  

S lbe~e~er p a  cannot d e t e r x i n e  the p e a k  or t r o u g h  a f t e r  

c o s p a r i n g  the sabjec t  c 3 n p o s i z e  o r  =he other ravef o r m  from 
r 

the part icular  s n b j a c t ,  refer t o  t h e  r u l e s  listed b e l o w .  Once 
T 

you hare detersbed =he point at w h i c h  a p e a k  or t r o u g h  

cccnrs, dra'u a t i n e  rerrical  line through t h a t  p o i n t .  

C e c a t i o n a l l y  neither zho composirs n o r  referring t o  czher 
- 

- - - -  - - - 

u a k f o r i s  s i l l  g i v e  p o  the cfrre y o o  aze l o o k i n g  f o r .  In these 
-- --- 

-- - - 

cases, use t h e  mles  a ~ d  s e a r c h  f o r  a n y  c h a n g e  i n  the r a v e f o r m  

.zhar is IOS? COISISTWT wi th  the c o m p c s i t e  a n d  other u a v e f o r m s .  



F r c c e d u r e  y o  be  u s e d :  

, a )  form a g e s t a l t  -- t h a t  i s ,  g e t  a f e e l i n g  f o r  where t h e  ' 

a n d  

make g r o s s  

f o r  the s u b j e c t  

w h e r s  t h i n k  

t r o u g h  i s  an3 draw a n  arrow t o  t h a t  p e a k  o r  t rough .  

cJ go thzough t h e  waveforns w i t h  t h e  a p p r o p r i a t e  composite 

t o  ensure ths: the pzak o r  trough p i c k e d  1 s  c o r r e c t  and  

c o n s i s t e n : ,  

c h e c k  t i n e  I this t ime making. f i n  e v e r t i c a l  l i n e  + 

t h o u g h  t b e  point where y o u  t h i n k  the peak o r  t rough is .  

When you,  a a k e  r h e  f h a l  d e t e r m i n a t i o n  of where the l i n e  - 
s h o u l d  be drawn, iz is impor tan t  t o  p a y  strict  a t t s n t i o n  t o  t h e  

rules, s u c h  a s  rherher the l e a d i n g  o r  f o l l o w i n g  c o r n e r  of a  peak 

cr t r o u g h  should b e  c h o s e n ,  

use ' r u l e r  d e  t e r n i n e  t h e  

h c r i z o n t a l  segaenz ,  Draw a fine l i n e  a long  t h a t  s e g B e n t  a n d ,  

r e f e r r i n g  t o  t b s  r u i e s ,  p i c k  t h e  most leadLng o r  f o l l o n i n g  p o i n t  

F i g u r e  

Defiiiirion: a change tf s l o p e  i s  considered a change  i n  t h e  
'3 

descer ding the uavef  o r t  that 

approrimsze  I! psak c r  r r o u g h  b u t  dues y c t o a l l g  form o n e  

(see 



RULES 

1) If a p e a k  i s  a c i e  i i k e  a placeau than s p o i n t :  

a )  P e a k  . O n e  ( P I )  -- i f  on. c o r n e r  is h i g h e r  t h a n , r h e  o t h e r ,  

c h o o ~  the c o r n s ;  most c o n s i s t e n t  w i t h  the s u b j e c t  

1 compos : te ,  I f  t h e  c o n p o s i t e  appears  ~ i d w a g  b e t w e e n  t h e  

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

d o e s  no+ delineate a p a r t i c u l a r  c o r n e r ,  c h o o s e  t h e  c o r n e r  

clcs,es: t o  r r o u g h  ore (sae F i g u r e  3 4 ,  c ) .  

b) Pea,ks Two, T k c e e  and Pouz (P2, P3, a n d  Pr) -- c h o o s e  the 

h i g h e s t  live1 i ~ s e d i a t e l y  f o l l o w i n g  rhe p z e c e e d i n g  t r o u g h  

(see  P i g a r e  3 3 ,  d )  . 
*. 

C) P e a k s  r ' i v e  a n d  Six ( P 5  and PS) -- c h o o s e  t h e  h l g h e s ;  

lovei i t t e i i a r s l g  p r e c e e d i r g  tie following t r o u g h  

(see P l g u r z  3 3 ,  e )  . 
2)  If + p e a k  has  a  r - , u r j e d ,  r a i t a r  t h a n  a s h s z p  p o i n t :  - -  

c h o o s e  ;he higtsir wint  c iosest  :o ~ h e  a p p r o p r i a r e  trough. 

. 31 If a ; r o u g h  is  n3;e i i r e  a p l a t e a ~  t h a n  a  p o i n t :  

3 )  Tzough  Five (75). - -  c h a o s e  the lowest p o i n t  c l o s e s r  t o  P 5  

5 )  T i c n g h  Sir (16) -- choose  t h e  iowest  poFnt c l o s e s t  t o  P6 

.J 
( s e e  f i g u r e  3 3 ,  f ) ,  

C )  31: o t h e r  '.roughs - -  chocse t h e  l o w e s t  p o i n t  closest t o  



4 Peak One ( P I )  --if a p e a k  a p p e a r s  more r h a r  200 u s e c  
I 

 fro^ t h e  s u b j e c t  c o s p o s i t e ,  a n d  t h e r e  i s  a c h a n g e  
2 

of s l o p e  +ha'. i s  a o r a  c o n s i s t e n t  u i t h  t h e  c o m p o s i t e ,  c h o o s e  
-. 

t h e  c h a n g e  of slope (see F i g u r e  33,  g ) .  
- 

5) F h e r e v e r  z c h a n g e  o f  s l o p e  o c c u r s  o n  a d e s c e n d i n g  o r  

a s c e n a i n g  linb, z a t h e r  t h a n  a d i s t i n c t  peak  o r  t r o u g h :  

a ]  f o r  a s c e n 3 i n g  c h a n g e s  o f  s l o p e  ( p ~ a k s )  -- t h e  p e a k  i s  

c o n s i d e r e 3  the first p o i n t  a t  u h i c h  t h e  s l o p e  i s  closest  

r o  a h c r i z o n t a l  p o s i z i ~ n  (see F i g u r e  33 ,  h)-.  

b) f o r  a a c e c i i n g  c h a r r g e s  o f  s l o p e  ( t r o u g h s )  -- t h e  t r o u g h  i s  

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

z o  a h c r i z o n t a l  p o s i t i o ~  (see F i g u r e  3 3 ,  i). 

c) f o r  d e s c e n d i n g  c h a n g e s  o f  s l o p e  (poaks)  -- t h e  peak  i s  

c o n s i d e r e d  ;ha l a s r  p o i n r  a t  which  the slope is  c l o s e s t  

t o  n h o r i z o n r a l  p o s i r i o r  ( s e e  F i g u r e  3 3 ,  j) . 
5 )  f o r  d e s c e z d i c g  c h a n g e s  o f  s l o p e  ( t s o u g h s )  -- the r r o u g h  

* 

1s c o n s i d e z ~ 3  :he f i r s=  p o i n t  a t  which  t h e  s l o p e  i s  

c l o s e s - .  t3 a t o r i z s n t a l  p o s i t i o n  (see F i g u r e  3 3 ,  k)  . 
6 R h e r e v e r  three p e 3 k . s  ( o r  peaks a n d  c h a n g e s  of s l o p s )  o c c u r  

iz t h e  P 4 - P 5  r a n g e :  

a )  ~f only one ~ ~ a k  a p p e a r s  i n  t h i ' s  r a n g e  b u t  a c h a n g e  of 
S 

slope s c c o r s  o n  b o r h  sides ( a n d  t h e s e  are c o n s i s t e n t  with 

- h e  s ab jec?  c ~ ~ p o s i t e )  , c h o o s e  t h e  c h a n g e s  of s l o p e  a n d  

r h e  ~ e a k  (see F i g u r e  3 9 ,  1). 



b) if t w o  p s a k s  a n d  a n  a s c e n d i n g  c h a n g e  of s l o p e  o c c u r s ,  i f  

t h e  c h a n g e  o f  s l o p e  i s  more c o n s i s t e n t  w i t h  P4 of t h e  

s u b j e c t  c o m p o s i t e ,  c h o o s e  t h e  c h a n g e  o f  s l o p e  a s  P4 a n d  

d i s r e g a r d  -,he f o l l o w i n g  p a a k  

$ c ) - i f  t h r e e '  e q u a l  p e a k s  occur  a n d  t h e  f i r s t  . h a s  b e e n  
L 

d e t e r m i n e d  P4, rhe m i d d l e  p e a k  a n d  r e l a t e d  t r o u g h s  w i l l  

- b e  d i s r e g a r d e d  ( s e e  Figure 3 3 ,  m). 

I f  a c h a n g e  o f  s l c ~ e  o c c u r s  a f t e r  P5 a n d  a f t e r  t h e  

d e s c e n d i n g  1 h a s  z r a c h e d  t h e  l e v e l  o f  T3 o r  lower, t h e  
1 

c h a n g e  o f  s l s p e  w i l l  b e  c n s i d e r e d  T 5  (see P i g u r e  3 3 ,  n ) .  P 
I 

I f  two o r  Bore p e a k s  o c c u r  b e t w e e n  T5 a n d  T6, t h e  peak  

i m a e d i a t e l y  p z e c e e d i n q  T 6  w i l l  b e  c o n s i d e r s d  P 6  (see 

P i g u r e  3 3 ,  o) . 
If P 6  a p p r o x i s a t e s  a p l a t e a u  b u t  w i t h  one c o r n e r  s l i g h t l y  

h i g h e r  t h a n  r h e  c ~ h e r ,  c h o o s e  t h e  corner c loses t  t o  T6 

(SEE P i g u r e  3 3 ,  p ) .  

If the d e s c e ~ d i n g  l i m b  i m e d i a t e l y  p r e c e e d i n g  T 6  h a s  a 

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

c o n s i d a r ~ d  P6 [ sea  P i g u r e  39 ,  q) . 
(I 

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

r h ~ t h e z  t h e  l e a d i s  or  f o l l o u i n g  corner of a ~ i a k  cr  t r o u q h  
\ 

should b e  c h o s b ( s e e  Figure 33, r)  . 















TICURE 33 CONTINUED 



A P P E N D I X  B 

ltWOVA TABLES FOR R A W  LATENCY DATA 

For all f o l l o w i n g  tables: 
A = D E B I V A T I O N  
B  = BI /HON P 
C = PHASE 



? 
/ 

Probability 

P I  R A W  LATENCIES 

source Me.an. Square ' P 

A 
Er ror  

AxB 
Error 

C ' 
Error 

AXC 
Error 

BxC 
Error 

AxBxC 
Error 



TI R A U  L A T E I C I E S  
. . 

- Hean Square Source P r o b a b i l i t y  

- . .0.050 A 
Error  

AX B 
Er ro r  

c 
. E r r o r  

'BxC - 
E r r o r  



Source Bean Square F P r o b a b i l i t y  

< 0.001 

ax3 
Error 

Error  

ArBxC 
Error 



T2 BAR LATENCIES 

Source - d f  Bean S q u a r e  P P r o b a b i l i t y  

+ a 
E r r o r  

75- 
Error 

AxB 
E r r o r  

C 
Error  

AXC 
Error  

BxC 
Error ., 

AxBxC 
Error 



* 

P 3  R A H  LATEHCIES 

Bean Square  P Probability Source 

B 

- 
Error 

- 

B 
Error 

AxB 

E r r o r  

Arc 
Error 

Bx C 
Error 



ff ean ,Sqaaze P . P r o b a b i l i t y  

b 
Error 
- 

B 
Error  

' b x B  
Error  

9 c 
Error  

ax C 
E r r o r ,  ~ 

3 ? C  
E r r o r ,  

AxBxC 
Error 



I Source 

a 
Error 

B 1 - 
Error  17 

Ax B 
Error  

C 
E r r o r  

arc 
Error 

BXC 
Error  

AxBxC 
Error  

- 
P4 R1 U  LATENCIES 

Mean Square P P r o b a b i l i t y  
b 

1. 25 4.89 0.041 
Lis - + A- 



- 
P5 R A W  LATENCIES 

P r o b a b i l i t y  Source  df \ Mean Square . P 

A 1 
Error  18 

B T 
E r r o r  18 

AxB 
E r r o r  

C 
Error  

AxC 
Error 

BxC 
Error  

AxBxC 
Error 



T 5  RAW LATENCIES 
r 

P r o b a b i l i t y  Source Mean Square F 

A 
Erro r  

A x  B 
E r r o r ,  

C 
E r r o r  

AXC 
E r r o r  

B x C  
E r r o r  

AxBxC 
Error 



P6 R A R  LATENCIES r 
Squrce P r o b a b i l i t y  Bean Square P' 

-" A 1 
E r r o r  l4P- 

4 

B 1 
Ersor  I I &  

Ax B 1 
Error  18 

C 3 
E r r o r  54 

AxC 3 
Error 54 

P- 

BX C 3 - 

Er ro r  54 

AxBxC 3 
E r r o r  54 



T6 R A W  LATENCIES 
? 

source d f  P r o b a b i l i t y  

A 
E r r o r  

B 
E r r o r  

AxB 
E r r o r  

k 

C 3 
E r r o r  54 

a i c  
E r r o r  

BxC 
E r r o r  



A H O V A  TABLES FOR DERIVED LATEH-C DATA ,Y 
For all following tables: 

A = D E B I V A T I O I  
E = BX/BOH 
C = PHASE 



P2 DERIVED L1TEECIES 

A 
Error 

C 
Error 

AxC 
Error 

BxC 
Er ro r  

AxBxC 3 
Error  57 

. -"-, \a * 
Y 



T2 DEB1 VED L A T E N C I E S  
ax " "& 

Source . d f  . . !$&n Square F P r o b a b i l i t y  

a 
Error 

hx B ., 1 1 
Error 13 

C 
Error 

a ~ c  
Error  

BXC 
6 r o r  

Err or - 



P 3 D E R I V E D  LATENCIES 

Mean Square - F ' p r o b a b i l i t y  

a 
Error  

B 
E r r o r  

hx B 
Error  

C 3 6 .  3 6  8.78 < 0.000 

3 0 r  
57 0,73 

Ax C 3 0.36 1.33 0.274 
Error ' 5 7  0.27 

BzC 3 
Error  57 

U B x C  
E r r o r  



B 
Error 

Ax0 
Error 

C 
Ernor 
C 

A x C  
E r r o r  

BxC 
Error 

A x Z x C  
Error 

DERIVED L A T E H C I  S 

Bean Square- P P r o b a b i l i t y  



P4 DEB1 VED LATENCIES 

s o u r c e  ' df Mean S q u a r e  F 

A 1 0.40 0.37 
E r r o r  , I 7  - 3 . Q 7  

B 1 ,  
E r r o r  ' 17 

AxB I On21 1 0.6-1 
E r r o r  17 0.34 - T -  

1 i 

C 3 2.34 1.84' 
E r r o r  5 1 1. 27 

AxC 3 0.87 
E r r o r  51 0.33 

Bx C 3 
E r r o r  5 1 

AxBxC 3 
E r r o r  51 

P r o b a b i l i t y  



P5 DERIVED LATENCXES 

Source 

A 
Er ro r  

Bean Square 

3.26 
0.45 

15.43 
0s 90 

F P r o b a b i l i t y  

AxB 
Error 

C 
E r r o r  

Ax C 
E r ro r  

BxC 3.. 
Error  54  

2 

AxBxC 
E r r o r  



T 5  DERIVED LATENCIES 
i 

Source Hean Square . F P r o b a b i l i t y  

A 
Error 

B 
Error 

B I B  
. Error 

3 

C 
Error 

Ax C 
Error  

BrC 
Erzor 

Error 



P6 D E R I V E D  LATENCIES 

Source d f  Bean Square P .  probability 

A 1 4.20 5.04 0.038 
Error 18 0. 83 

3 
Error 

Error 

A x C  
Error 

BXC 
Error 

hxBxC 
Error 



A '  
Error 

B  
E r r o r  

.- 8x3 
E r r o r  

C 
E r r o r  

B x C  
E r r o r  

B x C  
Error  

B x B x C  
E r r o r  

T6 DERIVED LATENCIES , 

Bean Square . a P P r o b a b i l i t y  



i 

A P P E N D I X  D 

ABOVA TABLES FOR ZERO B B S E L I N E  DATA 

For all following tables: 
A = DERIVATION 
B = BI /HON 
C = PHASE 



P 1 Z E R O  BASELIME AHPLITUDES 

Source d f Rean Square 

A 1 .  72..20 
Error 19 30.09 

- 

33 1 
Error 19  

B r l B  
Error 

C 
Error 

AxC 3 
Error  57 

BxC 
Error 

AxBxC 3 
Error 57 



P2 Z E R O  BASELINE AHPLITUDES 

Source d f  Mean Square P P r o b a b i l i t y  

A 1 3028.87 67.49 < 0.001 
E r r o r  19 44.88 ia 

B 1 620.22 
E r r o r  19 82.36 

AxB 
Error 

C 
E r r o r  

AxC 
E r r o r  

BxC 
E r r o r  

AxBxC 
E r r o r  . 



T 2  ZERO B A S E L I N E  AUPLITUDES 

S o u r c e  Mean Square  P P r o b a b i l i t y  

, A 
E r r o r  

B 
E r r o r  

Ax B 
E r r o r  

C 
E r r o r  

AXC 
E r r o r  

B x C  
E r r o r  

A r B x C  
Error 



. . 
source 

A 
Error 

B 
Error 

AxB 
Error 

C 
Error 

Ax C 
Error 

B x C  
Err or 

AxBxC 
\ 

- Error 

P3 ZERO BASELINE AMPLITUDES 

Hean Square 



ZERO 3 1 S E t I 3 E  AM9LI18DES 

Mean Square P 

507.  $ 3  3 . 2 3  
54.97 - 

332 .  TI 4.34 
7 6 . 5 2  

Source 
-.- 

. B 
, 

/- --===- 

P r o b a b i l i t y  

B 
Error  

9 

AxB 
Error 

AxC 
E r r o r  

Bx C 
Erro r  

ixBxC 
Errcr  



S o u r c e  d f  

B t 
Error 17 

Ax B 1 
E r r o r  17 

€ 3 
Error 5 1 

&KC = 3 
Error . 5 1 

b x E x C  3 
E r r o r  5 1  

P4 - Z E R O  BASELflE IIHPLITUDES 

Mean Square i P r o b a b i l i t y  



S o u r c e  

a 
Error  

- 

B 
Error  

Ax B 
Ezrar 

C 
Error  

Ax C 
E r r o r  

*. BXC 
E r r  or 

B x B x C  
Error 

P5 Z E R O  B A S E L I N E  AMPLITUDES 

Uean S q u a r e  P r o b a b i l i t y  



T5 ZERO B A S E L I B E  AHPLITUDES 

Source 
3 

B: 
Error 

Mean Square F Probab i l i t y  

0 
E T X Q ~  

Ax 0 
Error 

C 
E r r o r  

ax c 
Error 

BxC 
E r r o r  

A x B x C  
E r r o r  



P6 Z E B O  B A S E L I N E  

Source P r o b a b i l i t y  

0.004 

Mean Square 

-'L A 
E r r o r  

B 
E r r o r  

AxB 
E r r o r  

C 3 
E r r o r  54  

B X C  3 
E r r o r  54 

B x C  3 
E r r o r  54  

BxBxC , 3  
E r r o r  54 



./' 

Source 

A 
E r r o r  

- B 
E r r o r  

AxB 
E r r o r  

C 
E r r o r  * 

A X C  
E r r o r  

BxC, 
E r r o r  

hxBxC 
E r r o r  

3 

a 

T6 ZERO B1SELIlJE AHPLITUDES 

Mean Square P P r o b a b i l i t y  



APPENDIX E 

FOR 4Ea K-TO-l ROUGfi 

For all f o l l o w i n g  t a b l e s :  
A = DERIVATION 
B = B I ~ H O H  
C = PHASE 



Source Mean Square P P r o b a b i l i t y  

A 
Er ror  

B 
Error  . 

AxB 
E r r o r  

C 
Error  

axc 
Error  

Bx C 
Error  

AxBxC 
E r r o r  



P2 PEAK-TO-TROUGH AflPLITUDES --A. 
------. 

S o u r c e  Mean Square P r o b a b i l i t y  

A 
E r r o r  

B - 1 603.13 
Error 

7.56 
1 9  

0.013 
80.62 

Ax B 1 .9.28 
E r r o r  1 9  

0.33 0.578 
28.43 

C 3 539.82 
E r r o r  57 70.45 

AxC 
E r r o r  

BxC 
E r r o r  

AxBxC 
E r r o r  



T2 P E A K - T O - T R O U G H  AMPLITUDES 

Heart S q u a r e  P P r o b a b i l i t y  

A 
E r r o r  

E r r o r ,  
/ 

. AxB 
E r r  o r  

C 
Error 

AxC 
E r r o r  

Bx C 
E r r o r  

AxBxC 
E r r o r  



P 3  P Z 1 K - T O - T R O U G H  AMPLITUDES 

Source Mean Square P P r o b a b i l i t y  
8 

A 
Error 

B 
Errsr 

h x B  
Error  

C 
Er ro r  

B x C  
Error 

BxC 
Error 

Error 



T 3  PEAK-TO-TROUGH AMPLITUDES 

Source d f  

A 1 
E r r o r  13 

Mean S q u a r e  F Probability 

B 1 
Error 1 9  

Ax 0 1 
E r r o r  19 

c 3 
E r r o r  57 

Ax C 3 
Error 57 

A x B x C  3 
E r r o r  57 . 



P4 PEAK-TO-TROUGH AMPLITUDES 

Source d f  Mean Square F P r o b a b i l i t y  

< 0'.001 A .  1 
Er ro r  17 

B 1 
E r ro r  17 

A x B  1 
Er ro r  17 

C 
Er ro r  

AxC 
Er ro r  

Bx C 
E r r o r  

A x B x C  
Er ro r  



S o u r c e  

A 
E r r o r  

B 
E r r o r  

AxB 
E r r o r  

C 
E r r o r  

Ax C 
E r r o r  

BxC 
E r r o r  

BxBxC 
E r r o r  

T 5  PEAK-TO-TROUGH AMPLITUDES 

d f  Mean S q u a r e  ' * F P r o b a b i l i t y  

< 0.001 



P E A K - T O - T R O U G ~  AHPLITUDES 

Bean Square P source 

B 
Error 

A X B '  
Error 

C 
Error 

Ax C 
Error 

BxC ' 

Error 



T6 PEAK-TO-TROUGH AMPLITUDES 

. . 
Mean Square P P r o b a b i l i t y  

A 
Error 

S 
Errcr 

Bx B 
Er ro r  

c 
Err or 

Bx C 
Err o r  

hx3xC 
Error  





PEAK TWO ZERO BASELINE PHASE DATA 
& 

~ e v i a n - ~ e u l s  Studentized Range Tesr for 
PHASE groups .  

Sums 
CC = R R  = RC = Shortest 

S i g n i f i c a n t  
8 7 9 6 . 4 8  9092 .00  9 0 9 7 . 0 4  Ranges  

- - 
Note: d f  = 57; n per group = 80; HSe = 7 0 . 3 3  

* = p < . 0 5 ;  ** = p < . 0 1 .  



I 

T R O U G H  THO Z E R O  BASELINE PHASE DATA 

Newaan-Keuls Studentized Range Test for  
PHASE groups. 

Sums 
S h o r t e s t  

S i g n i f i c a n t  
8186.96 8228.48 8551.52 Ranges 

- - -- - 
Hate: d f  = 57: n per group = 80; MSo = 151.72 



Newman-Keuls Studentized Range Test for  
PHASE gSOUps. 

CC = R R  = RC = Shor te s t  
Sums , S i g n i f i c a n t  

8861.52 9439.52 9589.52 Ranges 

- 
e' 

- 
Note: df = 57;  n per group = 80; HSe = 322.56 



TROUGH THREE Z E R O  BASELINE AMPLITUDES 

Newman- K e u l s  S t u d e n t i z e d  Range Test for  
PHASE groups. 

Sums 
S h o r t e s t  

S i g n i f i c a n t  
7372.00 7869.04 8073.52 Ranges  

- - -  - - 
Note: df = 57; n per group = 80; MSe = 403.25 



d 

PEAK P O U R  ZERO BASELINE AHPLITUDES 
- 
. Newman-Keuls S t u d e n t i z e d  Range T e s t  for  

PHASE groups .  

CC = R R  = RC = 
J 

S h o r t e s t  
Sums S i g n i f i c a n t  

9 0 7 3 . 9 2  10017 .76  10151.36 Ranges 

Note: d f  = 5 1 ; ' n  per group = 80;  HSe = 5 6 4 . 5 3  
> 

* = p < . 05 ;  ** = p < . 0 1 .  



PEAK F I V E  ZERO B A S E L I N E  AHPLITUDES , 

B e w ~ a n - K e u l s  S t u d e n t i z e d  Range Test f o r  
PHASE g r o u p s .  

S u n s  
C€ = - R R  = RC = S h ~ r t e s t  

S i g n i f i c a n t  
91 6 0 . 5 6  94 1 2 . 6 4  9 9 2 6 . 8 8  Ranges 

Hote: d f  = 5 4 ; ~ n  p e r  group = 80; H S e  = 507.35 

* = p < , 0 5 ;  ** = p < . 0 1 .  



TROUGH FIVE ZERO BASELINE ABPLITUDES 

Nevaan-Keuls Studentized Range Test  for 
PHASE groups. 

CC = R R  = RC = Shortezt  
S u n s  Significant 

5406.00 6352.48 6673.04 Ranges 

Note: df = 57; n per group = 80; HSe = 757.81 



PEAK SIX ZERO B A S E L I N E  AMPLITUDES 

Rewmzn-Keuls S t u d e n t i z e d  Range Test for 
P H ~ S E  g r o u p s .  

-- - -- 
7 cc = R R  = RC = SBor test 

. Suns S i g n i f i c a n t  
7 0 1 3 . 1 2  7732.64 8234.72 R an ges 

-- 
Hate: d f  = 54;  n per g r o u p  = 80; HSs = 6 6 9 . 7 6  

* = p < .05; ** = p  < . O t .  



TR06GH SIX ZERO BASELINE AMPLITUDES 

Reussn-Kenls  S t u d e n t i z e d  Range T e s t  for 
PHASE groups. 

CC = R R  = R C  = S h o r t e s t  
S uns S i g n i f i c a n t  

6226.32 6301.60 '7445.76 Ranges 

---- 
\ 

~ o t e :  d f  = 54 ;  z per q r o u p  = 80; M e  = 566.49 

* = p < .05;  ** = p < ,01 ,  



APPENDIX G 

HEUHUJ-KBULS STUDENTIZED R A N G E  TESTS F O R  PEAK-TO- TROUGH D A T A  

For the f o l l o w i n  es: 
R R  = R a r e f a c t i o n  r i g h t ;  c t i o n  l e f t  

1 RC = R a r e f a c t i o n  r i g h t ;  C o n d e n s a t i o n  l e f t  
CR = C o n d e n q a t i o n  r i g h t ;  Rarefaction l e f t  
CC = C o n s e n s a t i o n  r i g h t ;  C o n d e n s a t i o n  l e f t  



f PEAK THO PEAR-TO-TROUGH AlPLITf lDES 

Hewman-Keuls S t u d e n t i z e d  Range Test for 
PHASE groups. 

I cc = R R  * RC = Shorte s t  
Salas S l g n i  i icit~t  

1536.80 1892.00 1300.80 Ran ges 
--- -- - 

Note: df = 57;  n p e r  group = 80,; Use = 78.45 



PEAK THREE PEAK-TO-TROUGH AMPLITUDES 

Bewman- Keuls S t n d e r t i z e d  Range Test for 
PHASE g r o u p s .  

-- - 
f 

L-p 

CC = Re = RR = Shortest 
Suns S i g n i f i c a n t  

7 3 2 . 0 0  1038.40 1252.80 Ran ges 

- 
Note: df = 57; n p t r  group = 80; MSe = 5 3 . 8 2  



EEAK P O U R  P E A K - T O - T R O U G H  AMPLITUDES 

Bewaazi-Keuls S t u d e n t i z e d  Range T e s t  for 
PEASE groups. 

Shor te s t  
S i g n i f i c a n t  

Ranges 

Yote:  df = 51;  rt per group  = 80; HSe = 128 .53  . 
* = p < .05; ** = p < . 0 1 ,  



PBEQUENCP H I S T O G B A U S  FOB R A P  LATENCY AND Z E R O  B A S E L I N E  DATA 



* n
 

M
 

W
 

W
 

W
 

Y
 

M
 

M
 

n
 

W
 

n
 

W
 

n
 

b
4
 

H
 W

 
n

 
W

 
W

 M
 

W
 

U
 

H
 M

 
M

 
n

 
n

 n
 

w
 
n
 

n
 

n
 n

 
w

 
M

 
M

 
W

W
 

n
w

 
n
 

w
n

 
W

W
W

 
X

 
W

 n
 

u
n

n
 

n
 

n
u

 
H

 
u
 

n
 

W
 

w
 

G
U

M
 

w
n

 
n

 
M

 
M
 

n
n

u
u

u
n

w
x

 
n

n
~

n
n

n
n

n
 

M
n

W
X

n
M

W
n

 
n

r
n

w
 

:
z

z
:

"
n

n
u

 
~

n
n

w
w

c
c

 n
 

w
 

n
 

~
c

n
n

n
w

w
 n
u
 

n
 

ii 
n

w
 

n
 

n
 

n
n

n
n

n
w

 
M
 

~
n

u
~

n
n

n
n

w
n

 
w

 
n
 

W
 

w
 

n
w

 
n

 
n
 

M
 

w
w

 
E

n
 

w
 

w
 

n
 

x
 

n
w

 
w

 
w

 
n
 

w
x

 
n

u
 

n
n

 
w

 
n
 

M
 

n
u

 
n
 

M
 

n
 

n
u

 
n

n
 

M
M
 

M
 

n
 
k
 

n
n

 
W

M
 

M
,

#
"

b
4

n
~

~
E

W
n

n
 

w
 

w
 

n
 

n
u

 
n
 

w
 

w
t 

m
u
 

n
u

 
E: 

W
 

" 
Y

 
n

w
 

M
 

W
 

.d 
w

n
 

w
n

 
M

 





+-.--+----+--.-+---*+----+---.+----+-.--+ 
4:;ooo +xxx 

' 2e7150 + 

Ir 
2.7300 +XXXXXXXXXXXX 
2.7450 + 
2.7600 +xxrxxx ~ X ~ X X X X ~ X ~ X  
2.7750 + 
2.7300 +XXXXXXXXXXXXXXXXX 
2.8050 + 
2. 8200 + X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  
2.6350 
2.8500 + 
2.8650 + I X X X X X X I X X X X X X X X X X X X X X X X X X X X X X X  
2.0800 + 
2.8950 + X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X *  
2.9100 + X X T X X f  IXXXXXXXXXXXX 
2.9250 + 
2.9900 + X X X X X X X X X X X X X X X X X X X X X X X X X X  
2.9550 + 
2.9700 + 
2.9850 + XXXtSXXxxXXXxX X X X x ) O [ X X X X X X X  
3,0000 4 
3.0150 +]IXXXXXXXXX 
3.0300 + 
3.0450 +XXXIXXXxXXXXxXXX 
3e0600 + 
3.8750 +XIXXXXXXXXXXXX 
3.0900 + 
3. 1050 + X X f X X X X  
3.1200 4 
3.3350 + 
3elSOO + X X X X X  
3,1650 + 
3.1800 +XXXXXXX 
3.1950 + 
3.23 00 +XxIxxXIxxx 
3.2250 + 
3.2400 + t f  X X X X  
3.2550 + 
3. 2700 +XXXXX X 
3.2850 + 
3t366tt + 
3.3150 * X X X X  
3fS300 * X  
3.3430 ? 1 

3.3600 + X  I 
3.3754 + 
3.3900 + 
3.4050 4X 

3.1200 + 
3.4350 + X  

FaEQUBliCY 
INT. cun. , 

3 3 
0 3 

12 15 
0 15 

17 32 
0 32 

17 49 
0 49  

30 7 9  
0 7 9  
0 79 

3 1  110 
0 110 

49 159 
19 178 
0 178 

26 204 
0 204 
0 204 

27 231 
0 231 

10 241 
0 241 

16 257 
0 257 

I4  271 
0 271- 
7 278 
0 278 
0 278 
5 283 
0 283 
7 290 
0 290 

10 300 
0 300 
6 306 
0 306 
6 312 
0 312 
0 312 
4 316 
1 211 
0 317 
1 318 
0 318 
0 318 
1 319 
0 319 
1 320 



T 2  U7ENCIES 

J'SEC P R ~ Q U E U C X  
s 10 1 5  20 25  3 0  35 QO IMT. can. 

*-..-+----+----+----+.---+---.+---.+----+ 
2.9000 + 0 @ O  
2.9250 + 0 0 
2.9500 * X f  2 2 
2.9750 + 0 2 
3.0000 + X  1 3 
3.0250 +X 1 4 
3.0500 + X  1 5 
3.0750 +XXX 3 8 
3.1000 4, 0 8 
3. 1250 + X X X X X X X X  8 16 
3.1500 +XXXXXXXXXXXXXXXX 16 32 
3.1750 +XXXXXXXXXXXXXX 14 46 
3.2000 +X I  X X X X  X X X X X ) ( X X X X X X X X X X X X X X X X X X X X X X  34 80 
3.2250 + 0 80 
3.2500 + X X X X X X X P X X X X X X X X X X X X X X X X X X X  27 107 
3. 27 50 + X X X X X X X I X X X X X X X X X X X X X X X X X X X X X X X X X X X X  36 143 
3.3000 + 0 143 
3. 32 50 +XXXXXXXXXXXXXXXXXXXXX 2 1  164 
3. 3500 + X X X X X X X X X X X X X X X X X X X X X X X X X X X  27 191 
3. 3750 + X X X X X X X X X X X X X X X X X X X X X X X X X X X  Q 27 218 
3.4000 +XXXXXXXXXXXXXXXX 16 230 
3.4250 +XXXXXXXXXIXX * 12 246 
3.USOO + 0 .  246 
3.4750 +XX X X X X X X X X X X X X X X  16 262 
3,5000 + X X X X X X X X X X X  11 273 
30 5250 + X X X X X X X X X  3 282 
3.5500 + 0 282 
3.5750 +XXXXX 5 287 
3.6000 +XXXXXXX 7 294 
3,6250 +XXXXXXXX 8 302 
3.6500 +XXXXXX 6 308 
3.6750 + 0 308. 
3.7000 +XXX 3 311 
3.7250 + 0 311 
3.7500 +X 1 312 / 

3.7750 + 0 312 
3.8000 +XXX 3 315 
3.8250 * X X  2 317 
3.6500 + - 0 317 
3.8750 +XX 2 319 
3.#BV + 0 319 
3.9250 + 0 319 
3.9500 4 0 319 

r 
3.9750 + 0 319 
4.0000 + 0 319 
4,0250 + 0 319 
4.0500 + X  1 320 
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3,3800 + 
3.4000 + X  
3.4200 + 
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3o4600 + X X X X  
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3.5100 + X X X X X X  
3.5600 + X X X X X X X X I X X X X X X X X X X  
3.5800 + X X X X X X X X X X I X X X X  
3,6000 + , 

3.6200 +X&JXX X X X X X X X X X X  
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3.7800 + X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  
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3.8800 +XXXXXIXXXXJ[)[XXX 
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3,9400 +XXXXXXX 
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3,9800 + I X X X X X X X X X  
4,0000 +XXXXX%X X X X X X X  
4*0200 + 
4,0400 + X X X X X  
4,0600 + 
3.0800 + X X X X  
4,1000 + 
1.1200 + X X X  - 
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5, 4004 +XXZXXXXXX 
5,4200 +XXXXXXXXXXXXXIX 
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5, W O O  +XXXXXX:X~ XXXXXXIIX 
5 e S Q O O  + X X  X X X X X X X X  
5.5200 + 
5, S O 0  + X X X X X X X X X X X X X X X X X X . X X X X  
5,5600 6 
5 .  5800A +XXXXTXXTXIXXXXXl[XY X X  
5,6000 + 
5.6200 +XXXXXXXXZX 
5.6400 +XXXI?XXIXXXXI 
5,6600 +XXXXIXl(X 
5,6800 + 
Se700O +X X X X X X X f X X  U X X X X X X X X X X  
5.7200 + 
5.7800 +IXXXXXIXXXXIXXXTXXX 
5.7600 + 
S.78OU +XXXXXXXXXXXXXXXXIXXX 
5,0000 +XlXXXZXffXXXXXfXXX~XXX 
5,8200 + X I X U X X X X I X X X I X X t X X X X X Z X X X  
5,8100 + 
5.8600 +XXXXXXI 
5 * 8 8 0 0  + 
5,9000 +xxxIxxXxX~xxxxXxxx 
5.9200 + 
5. woo +1XXXXf 
5,9600 + X X  
5.9000 + X X X  
6,0000 + 
610200 
6.U400 + f f  
6.01500 +XIXI. 
6,0800 + I : X X  
6et@@6 + 
6. t200 + 
&lr H89 4 

6.1600 + X  
6.1800 + 
6.2000 + 
6.2200 + 
6 , 2 4 0 0  + X  
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5 t O  15 20 1 5  30 35 QO IMP. CUR. 
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S o u r c e  

Sex  
Error 

Ear 1 
Ear I Sex $ 

Error  18 

!SONBDRAL P5 DATA 

Mean Square  Probability 



APPENDIX 3 

B E I I H A ~ - R E U L S  STUDENTIZED T A N G E  TESTS FOR R A Y  L A T E N C Y  DATA 
P4 -- D E R I V A T I O N  BY PHASE 

For t h e  f o l l o w i n g  t a b l e :  
, J U t f z a r a f a c t i o n  r i g h t ;  R a r e f a c t i o n  l e f t  

f BC = R a r e f a c t i o n  r i g h t ;  Condensa t ion  l e f t  
' CR = Condensat ion  ~ i g h t ;  R a r e f a c t i o n  l e f t  

-CC = C o n s e n s a t i o n  r i g h t ;  Condensa t ion  l e f t  -- 



b 
Newman-Keuls S t u d e n t i z e d  Range T e s t  f o r  

D E R I V A T I O N  X PHASE g r o u p s .  

J 

7 3 h o r t e s t  
.3 VH-PI V P P 3  VN-PI VH-P4 VN-P3 VN-P2 VN-P4 S i g n i f i c a n t  

R a n g e s  

VH-PI 5 . 0 0  10 .64  14 .68  14 .68  16 .24  1 3 . 0 4  1 3 . 3 6  R2 = 9 . 2 3  

% VN-P3 5.64 3 . 6 8  3 . 6 8  11 .24  1 4 . 0 4  1 4 . 3 6  R3 = 8 . 8 3  

VN-PI 
\ .  

Groups = 40; d f  = 5 1; Biror Item = 0.1 1 




