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ABSTRACT 

A f o r c e d - a t t e n t i o n ,  d i c h o t i c  l i s t e n i n g  t a s k  b a s e d  on 

Walker's (1987) c r o s s - m o d a l  m a t c h i n g  p a r a d i g m  was 

a d m i n i s t e r e d  t o  40 r i g h t - h a n d e d  v o l u n t a r y  m a l e  u n i v e r s i t y  

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

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

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

d i m e n s i o n s  i n  t h e  v i s u a l  m o d a l i t y ,  and s u b j e c t s  w i l l  

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

The  target  s t i m u l i  were t h r e e - s e c o n d  sound  s e g m e n t s  which  

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

f r e q u e n c y ,  waveform, d u r a t i o n ,  o r  a m p l i t u d e .  The c o m p e t i n g  

s t i m u l i  were  random p u r e  t o n e s  g e n e r a t e d  a t  22 t o n e s  p e r  

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

s t i m u l i ,  s u b j e c t s  c h o s e  a v i s u a l  m e t a p h o r .  The r e s u l t s  show 

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

f o r  n o n m u s i c i a n s .  M u s i c a l  t r a i n i n g  a c c o u n t e d  f o r  40% o f  t h e  

v a r i a n c e  on r i g h t - e a r  e r r o r  s c o r e s  a s  opposed t o  7% on l e f t -  

ear e r r o r  s c o r e s .  T h e r e  were no  s i g n i f i c a n t  d i f f e r e n c e s  i n  

s u b j e c t s '  p a t t e r n s  o f  asymmetry be tween t h e  f o u r  a c o u s t i c a l  

p a r a m e t e r s  m a n i p u l a t e d  i n  t h e  s t i m u l i .  The r e s u l t s  were  

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

h e m i s p h e r e  c o g n i t i v e  s t r u c t u r e s  which  p e r m i t  more e f f i c i e n t  

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



s u c h  d o m a i n  spec i f i c  s t r u c t u r e s  is a m a j o r  d e t e r m i n a n t  of 

h e m i s p h e r i c  asymmetries. 
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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

t r o d u c t i m  

The f o c u s  o f  t h i s  s t u d y  is an i n v e s t i g a t i o n  o f  t h e  d e g r e e  

t o  w h i c h  e d u c a t i o n  and e x p e r i e n c e  can  i n f l u e n c e  d i f f e r e n t i a l  

h e m i s p h e r i c  a s y m m e t r i e s .  The domain of  i n v e s t i g a t i o n  is t h e  

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

and f o r m a l  e d u c a t i o n  and  e x p e r i e n c e  i n  m u s i c .  A c r o s s - m o d a l  

m a t c h i n g  p a r a d i g m  ( W a l k e r ,  1987), i n  which  s u b j e c t s  match  

v i s u a l  m e t a p h o r s  t o  a u d i t o r y  s t i m u l i ,  is employed as  t h e  

d e p e n d e n t  m e a s u r e .  

T h i s  r e s e a r c h  a d d r e s s e s  t h r e e  q u e s t i o n s .  F i r s t ,  t o  what 

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

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

a c o u s t i c  p a r a m e t e r s  i n  p r o c e s s i n g  a u d i t o r y  s t i m u l i ?  Second ,  

t o  what  e x t e n t  are h e m i s p h e r i c  a s y m m e t r i e s  i n v o k e d  by t h e  

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

a u d i t o r y  s t i m u l u s ?  T h i r d ,  t o  what  e x t e n t  are d i f f e r e n c e s  

i n  h e m i s p h e r i c  a c t i v a t i o n  d e p e n d e n t  upon t h e  amodal  o r  

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

m a n i p u l a t e d ?  

I t  is hoped t h a t ,  t h r m g h  a s y n t h e s i s  o f  knowledge and 

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

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



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

cerebral asymmetries. 

Qvervie~ nf.f;hfi Liter&- 

T h e  literature review is p r e s e n t e d  i n  f o u r  s e c t i o n s .  The 

first s e c t i o n  serves to e s t a b l i s h  a t h e o r e t i c a l  framework 

w i t h i n  w h i c h  t o  view the e m p i r i c a l  e v i d e n c e  p e r t a i n i n g  t o  

hemisphe r i c  a symmet r i e s .  The second s e c t i o n  examines  .. 

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

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

addresses t h e  empirical research aimed a t  d i s c e r n i n g  

d i f f e r e n c e s  i n  lateral asymmet r i e s  between m u s i c a l l y  t r a i n e d  

and u n t r a i n e d  s u b j e c t s .  The fourth s e c t i o n  app l i e s  Walker ' s  

(1987) cross-modal  matching paradigm and i n v e s t i g a t e s  its 

u t i l i t y  f o r  d i f f e r e n t i a l  l a t e r a l  asymmetr ies  a c c r u i n g  from 

m u s i c a l  training. 

Over t h e  last t h r e e  decades, a t t e m p t s  t o  e x p l a i n  

cognitive processes i n  terms of u n d e r l y i n g  c e r e b r a l  

asymmetries h a s  y i e l d e d  a venerabf e body of e m p i r i c a l  and 

thearetical literature. T r a d i t i o n a l l y ,  left and right 

hemispheric functions have been i n t e r p r e t e d  as being elicited 

by respectively, the verbal and nonverbal nature o f  t h e  

s t i m u l u s  (Kimura, 1964). Accord ing  t o  Kimura's model,  



l a t e r a l  f u n c t i o n s  are v iewed  f o r  t h e  most  p a r t  as p a s s i v e  and 

s t i m u l u s  d e t e r m i n e d .  Wi th  mount ing  c o n t r a d i c t o r y  e v i d e n c e ,  

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

t h a t  e a c h  h e m i s p h e r e  m a i n t a i n e d  i ts  own c h a r a c t e r i s t i c  s t y l e  

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

r i g h t  b e i n g  " s y n t h e t i c "  ( L e v y - A g r e s t i  & S p e r r y ,  1 9 6 8 ) ;  t h e  

l e f t  b e i n g  " p r o p o s i t i o n a l "  and t h e  r i g h t  b e i n g  " a p p o s i t i o n a l "  

(Bogen,  1 9 6 9 ) ;  o r  t h e  more c u r r e n t  and b r o a d l y  a c c e p t e d  

d i s t i n c t i o n ,  t h e  l e f t  b e i n g  " a n a l y t i c "  and  t h e  r i g h t  b e i n g  

" h o l i s t i c "  (Bradshaw & N e t t l e t o n ,  1 9 8 1 ) .  The e m p h a s i s  

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

a c t i v e l y  a d o p t e d  b y  t h e  i n d i v i d u a l .  Whi le  t h e r e  h a s  been 

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

Bradshaw & N e t t l e t o n ,  1 9 8 1  and open p e e r  c o m m e n t a r i e s ) ,  Cook 

( 1 9 8 6 )  h a s  p o i n t e d  o u t  t h e  c o n s i s t e n t  d e p i c t i o n  of  h i g h - l e v e l  

c o m p l e m e n t a r i t y  and  t h a t  t h e  n a t u r e  of t h e  n e u r a l  mechanism 

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

opposed  t o  a m e r e l y  d e s c r i p t i v e ,  d i c h o t o m o u s  taxonomy of 

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

M o r a i s  (1980; c i t ed  i n  B e r t e l s o n ,  1 9 8 1 )  h a s  a s s e r t e d  

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

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

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

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

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



systems, which refers to algorithmic configurations of 

elementary feature detection mechanisms (Goldberg & Costa, 

1981; Goldberg, Vaughan, & Gerstman, 1978). Descriptive 

systems such as schema are data structures which facilitate 

the representational and integrative processing of basic 

informational units (Rumelhart & Norman, 1985). Goldberg, 

et al. (1978) propose that the multiplicity of descriptive 

systems instrumental in cognitive operations can be 

conceptualized as belonging to one of two categories: those 

for which there are pre-existent codes and those for which no 

pre-existent codes have been established. Distinguishing 

these two types of codes is contingent upon the individual's 

extant knowledge and familiarity with the stimulus. While 

examples of pre-existent codes might include those of natural 

language, musical notation, or mathematics, the absence of 

pre-existent codes would be evident in the acquisition of a 

novel skill, such as learning to use a computer or perhaps 

musical training (Goldberg & Costa, 1981). 

Goldberg and Costa (1981) suggest that without 

accessibility to an appropriate descriptive system, problem 

resolution becomes the unsystematic implementation of diverse 

encoding strategies. Productive components of various 

attempted strategies are subsequently reassembled into a new 

descriptive system. In such instances, a structure which is 

characteristically diffuse and permits increased access and 



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

i n f o r m a t i o n a l  u n i t s  wou ld  b e  a d v a n t a g e o u s .  I n  c o n t r a s t ,  a 

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

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

a f f o r d e d  b y  f o c a l ,  c o m p a c t  s t o r a g e .  A s  wel l ,  t h i s  view of 

f u n c t i o n a l  a n d  s t r u c t u r a l  a symmet ry  is c o n s i s t e n t  w i t h  Semmes 

( 1 9 6 8 )  p r o p o s i t i o n  o f  a d i f f u s e  r e p r e s e n t a t i o n  o f  f u n c t i o n s  

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

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

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

o f  w h i t e  t o  g r e y  matter  i n  t h e  r i g h t  h e m i s p h e r e  ( G u r ,  P a c k e r ,  

H u n g e r b u h l e r ,  R e i v i c h ,  O b r i s t ,  Amarnek, & S a c k h e i m ,  1 9 8 0 )  is 

i n d i c a t i v e  of greater  i n t e r r e g i o n a l  n e u r o n a l  o r g a n i z a t i o n  i n  

t h e  r i g h t  h e m i s p h e r e  i n  c o n t r a s t  t o  g rea te r  i n t r a r e g i o n a l  

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

n o t i o n  is p r o f f e r e d  b y  Woodward (1988) ,  t h a t  l o n g  h o r i z o n t a l  

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

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

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

p r o c e s s e s  f o r  memory w h i c h  p a r a l l e l  t h e s e  a n a t o m i c a l  

d i f f e r e n c e s  h a s  b e e n  a d v a n c e d  b y  H i n t o n ,  M c C l e l l a n d ,  and  

R u m e l h a r t  (1S86) .  

S e r g e n t  ( 1 9 8 2 )  h a s  p r o p o s e d  t h a t  t h e r e  a r e  a s y m m e t r i e s  

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

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



emerge when c o g n i t i v e  o p e r a t i o n s  a r e  p e r f o r m e d .  A c c o r d i n g  

t o  Sergent, t h e  h e m i s p h e r e s  r e s p o n d  t o  d i f f e r e n t  f e a t u r e s  o f  

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

t o  d i f f e r e n t  i a l1 .y  l i m i t  h e m i s p h e r i c  p r o c e s s i n g  and 

p r e d i s p o s i t i o n s .  I n  l i g h t  o f  G o l d b e r g  and C o s t a ' s  ( 1 9 8 1 )  

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

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

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

deve lopment  of s u c h  s y s t e m s .  

Thus ,  i t  is p o s i t e d  t h a t  d i s t i n c t i v e  c h a r a c t e r i s t i c s  o f  

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

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

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

on t h e  b a s i s  of  p e r c e i v e d  t a s k  demands,  and a v a i l a b l e ,  

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

knowledge.  T h i s  is n o t  t o  a t t r i b u t e  e x c l u s i v i t y  o f  f u n c t i o n  

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

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

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

E m p i r i c a l  s u p p o r t  f o r  t h i s  model is d e r i v e d  f rom s t u d i e s  

f i n d i n g  a  l e f t - h e m i s p h e r e  a d v a n t a g e  on t a s k s  u s i n g  fami l iar  

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

(e.g., B a r t h o l o m e u s ,  1974; M o l o f e s e ,  Freeman,  & P a l e r m o ,  

1975;  Seamon ti Gazzaniga, 1973 ;  Denes & S p i n a c i ,  1981). 

O t h e r  c o n v e r g e n t  e v i d e n c e  is found  i n  c a u s a l - c o m p a r a t i v e  



s t u d i e s  o f  " s o p h i s t i c a t e d "  and " u n s o p h i s t i c a t e d "  s u b j e c t s .  

F o r  example ,  P a p c u n ,  K r a s h e n ,  T e r b e e k ,  Remington,  and 

Harshman ( 1 9 7 4 )  f o u n d  t h a t  t r a i n e d  Morse Code o p e r a t o r s  

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

who d e m o n s t r a t e d  a r i g h t - h e m i s p h e r e  a d v a n t a g e  i n  r e c o g n i z i n g  

Morse Code s e q u e n c e s  o f  more t h a n  s e v e n  e l e m e n t s .  A s i m i l a r  

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

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

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

a d v a n t a g e  f o r  s e c o n d  l a n g u a g e  s t i m u l i  ( S i l v e r b e r g ,  B e n t i n ,  

G a z i e r ,  O b l e r ,  & A l b e r t ,  1979 ;  S i l v e r b e r g ,  Gordon,  P o l l a c k ,  & 

B e n t i n ,  1 9 8 0 ) .  G o l d b e r g  e t  a l .  ( 1 9 7 8 )  found  a l e f t -  

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

i n d i v i d u a l s  w i t h  b a c k g r o u n d s  i n  v i s u a l  a r t s .  B o t h  Bever  and 

C h i a r e l l o  (1974) and J o h n s o n  ( 1 9 7 7 )  have  r e p o r t e d  l e f t -  

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

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

l a t e r a l  asymmetries and m u s i c a l  s o p h i s t i c a t i o n  w i l l  be 

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

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

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

h e m i s p h e r e  d i s p o s i t i o n  f o r  e x i s t i n g  d e s c r i p t i v e  systems 

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

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

of s t i m u l i  c o u l d  b e  e n g e n d e r e d  by t h e  n o v e l  n a t u r e  of many 



n o n v e r b a l  t y p e s  o f  t a s k s .  

The e v i d e n c e  which  h a s  been  p r e s e n t e d  would seem t o  

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

competence  and f a m i l i a r i t y .  R i g h t  t o  l e f t  s h i f t s  i n  

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

been r e p o r t e d  u s i n g  a v a r i e t y  o f  s t i m u l i  and e x p e r i m e n t a l  

p a r a d i g m s  ( c f . ,  Dee & Hannay, 1981;  Gordon & Carmon, 1976;  

H a l p e r i n ,  Nachshon,  & Carmon, 1973;  Hannay, Dee, B u r n s  & 

Masek, 1981;  Hellige, 1976;  K i t t l e r ,  T u r k e w i t z ,  & G o l d b e r g ,  

1989;  P e r 1  & Haggard ,  1 9 7 5 ) .  Ross-Kossak and T u r k e w i t z  

( 1 9 8 6 )  have  r e p o r t e d  r i g h t  t o  l e f t  s h i f t s  i n  h e m i s p h e r e  

a d v a n t a g e  i n  s t u d i e s  o f  f a c e  r e c o g n i t i o n  ( e . g . ,  Ross  & 

T u r k e w i t z ,  1982;  Ross-Kossak & T u r k e w i t z ,  1 9 8 4 ) .  Whi le  t h e s e  

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

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

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

r e p l i c a t e  t h e  e f f e c t  ( K i t t l e r  e t  a l . ,  1 9 8 9 ) .  

G o l d b e r g  and C o s t a  ( 1 9 8 1 )  have a l s o  p r o p o s e d  t h a t  t a s k s  

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

f a m i l i a r i t y .  I t  h a s  been  shown t h a t  an  i n i t i a l  l e f t -  

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

number o f  e x p e r i m e n t a l  s e s s i o n s  ( S l u m s t e i n ,  G o o d g l a s s ,  & 

T a r t t e r ,  1975;  S h a n k w e i l e r  & S t u d d e r t - K e n n e d y ,  1 9 7 5 ) .  



The D i L i s t e n i n s  Pfaradian 

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

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

B r o a d b e n t  ( 1 9 5 4 )  o r i g i n a l l y  implemented t h e  t e c h n i q u e  i n  

s t u d i e s  o f  s e l e c t i v e  a t t e n t i o n .  However, t h e  work  of Kimura 

(1961~1,  1961b)  p r e c i p i t a t e d  g r e a t  i n t e r e s t  i n  a p p l y i n g  

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

a s y m m e t r i e s .  The p r o c e d u r e  is p r e d i c a t e d  on t h e  n o t i o n  t h a t  

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

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

c o r t e x  and  t h a t  i n f o r m a t i o n  is more s t r o n g l y  r e p r e s e n t e d  i n  

t h e  c o n t r a l a t e r a l  h e m i s p h e r e  (Kimura ,  1 9 6 1 a ) .  Whi le  

i n c r e a s e d  numbers  o f  f i b e r s  and f a s t e r  t r a n s m i s s i o n  speeds 

have  b e e n  a t t r i b u t e d  t o  c o n t r a l a t e r a l  p a t h w a y s  (Majkawsk i ,  

Bochenck,  Bochenck,  K n a p i k - F i j a l k o w s k a ,  & Kopec, 1971;  

Rosenzweig ,  1 9 5 1 ) ,  t h e r e  is some e v i d e n c e  o f  i n d i v i d u a l  

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

(Hel l ige & Wong, 1983 ;  S i d t i s ,  1982; Teng,  1981).  I t  h a s  

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

s u p p r e s s i o n  i n c r e a s e s  as  a f u n c t i o n  of t h e  s p e c t r a l  and 

t e m p o r a l  s i m i l a r i t y  be tween  t a r g e t  and c o m p e t i n g  s t i m u l i  

( B e r l i n ,  P o r t e r ,  Lowe-Bell ,  B e r l i n ,  Thompson, & Hughes,  1973;  

S p r i n g e r ,  S i d t i s ,  W i l s o n ,  & G a z z a n i g a ,  1978). 

Two m o d e l s  have been  p r o p o s e d  t o  a c c o u n t  f o r  o b s e r v e d  

asymmetries on d i c h o t i c  t a s k s  (Bradshaw,  Burden,  & Nettleton, 



1986). The d i r e c t  a c c e s s  model asser ts  t h a t  d i c h o t i c a l l y  

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

h e m i s p h e r e  and t h a t  l a t e r a l  a s y m m e t r i e s  r e f l e c t  d i f f e r e n t i a l  

h e m i s p h e r i c  a b i l i t i e s .  The c a l l o s a l  r e l a y  model  h o l d s  t h a t  

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

and t h e  t i m e  added f o r  c a l l o s a l  t r a n s m i s s i o n  t o  t h e  

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

U m i l t a ,  R i z z o l a t t i ,  A n z o l a ,  Lupp ino ,  and P o r r o  ( 1 9 8 5 )  have  

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

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

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

h e m i s p h e r e  and v a r i a n c e  i n  p e r f o r m a n c e  is i n d i c a t i v e  o f  

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

c o n d i t i o n s ,  t h e  i n t e r h e m i s p h e r i c  t r a n s m i s s i o n  t i m e  r e q u i r e d  

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

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

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

The d i c h o t i c  t e c h n i q u e  h a s  p r o v e n  t o  be a r o b u s t ,  

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

l a t e r a l  a s y m m e t r i e s  ( B r y d e n ,  1 9 8 2 ) .  Despite its u t i l i t y ,  

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

and m a g n i t u d e  of a s y m m e t r i e s .  V a r i a t i o n s  i n  a t t e n t i o n a l  

f a c t o r s  and s u b j e c t s '  r e p o r t  s t ra tegies  ( B r y d e n ,  1978 ;  

Bryden ,  Munha l l ,  & A l l a r d ,  1983;  F r e i d e s ,  1 9 7 7 ) ,  and  s t i m u l u s  

and task f a c t o r s  ( B l o c h  & Hellige, 1889;  B e r l i n ,  1 9 7 7 ) ,  have  



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

Bryden ( 1 9 8 2 )  s u g g e s t s  t h a t  an a t t e n t i o n a l  m o n i t o r i n g  

p r o c e d u r e  (e.g., Bryden e t  a l . ,  1983)  i n  which  s u b j e c t s  

m o n i t o r  and r e p o r t  t h e  i t e m s  p r e s e n t e d  t o  one  e a r  a t  a t i n e  

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

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

However, i t  is h y p o t h e s i z e d  t h a t  l a t e r a l  d i f f e r e n c e s  

a t t r i b u t e d  t o  t a s k  and s t i m u l u s  c h a r a c t e r i s t i c s  are a 

f u n c t i o n  o f  an  i n d i v i d u a l ' s  a c c e s s i b i l i t y  t o  e x i s t i n g  

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

s u p p r e s s i o n .  Hence i t  is i m p o r t a n t  t o  c o n s i d e r  s t i m u l u s  and 

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

A d d i t i o n a l l y ,  Kallrnan and  C o r b a l l i s  ( 1 9 7 5 )  have r e p o r t e d  

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

S i n c e  t h e n  it  h a s  become common p r o c e d u r e  t o  employ p r a c t i s e  

t r i a l s  t o  c o m p e n s a t e  f o r  s u c h  "prac t i se  e f f e c t s "  and t o  

" f a m i l i a r i z e "  t h e  s u b j e c t  w i t h  t h e  task. The e f f e c t s  

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

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

e n g e n d e r e d  by an  i n c i p i e n t  p e r c e i v e d  n o v e l t y  o f  t h e  t a s k .  

T h r e e  o t h e r  v a r i a b l e s  have  been  d e m o n s t r a t e d  t o  have  a 

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

h a n d e d n e s s  b a c k g r o u n d ,  and  g e n d e r .  Reversed  and a t t e n u a t e d  

p a t t e r n s  o f  asymmetry  have  been  r e p o r t e d  f o r  l e f t - h a n d e d  

s u b j e c t s  (Dee,  1971;  P i a z z a ,  1980;  Z u r i f  & Bryden ,  l Q 8 9 ) .  



I t  h a s  a l s o  been shown that a f a m i l i a l  h i s t o r y  o f  

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

normal  p a t t e r n  of asymmetry i n  r i g h t - h a n d e d  i n d i v i d u a l s  

( H i n e s  & S a t z ,  1971;  Kellar  & B e v e r ,  1980; Lake & Bryden ,  

1 9 7 6 ) .  W h i l e  t h e  e v i d e n c e  r e p o r t e d  on g e n d e r  d i f f e r e n c e s  

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

and n o n l i n g u i s t i c  s t i m u l i  ( B r y d e n ,  1979;  McGlone, 1 9 8 0 ) ,  w i t h  

r e s p e c t  t o  " m u s i c a l "  s t i m u l i  P i a z z a  ( 1 9 8 0 )  r e p o r t e d  g r e a t e r  

l e f t - e a r  a d v a n t a g e s  f o r  women on a melody r e c o g n i t i o n  task. 

Between Mu- No- . . . . 

D i c h o t i c  p r o c e d u r e s  have  been  used e x t e n s i v e l y  i n  t h e  

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

of m u s i c a l  s t i m u l i  ( G a t e s  & Bradshaw,  1 9 7 7 a ) .  C o m p a r a t i v e  

studies of  m u s i c i a n s  and n o n m u s i c i a n s  have y i e l d e d  mixed 

f i n d i n g s .  Some i n v e s t i g a t o r s  have  r e p o r t e d  a r i g h t - e a r  

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

n o n m u s i c i a n s  ( J o h n s o n ,  1977;  J o h n s o n ,  Bowers ,  Gamble, Lyons ,  

P r e s b r e y  & V e t t e r ,  1977;  Wagner & Hannon, 1 9 8 1 ) .  O t h e r s  have  

r e p o r t e d  a l e f t - e a r  a d v a n t a g e  f o r  n o n m u s i c i a n s  b u t  no  ear 

a d v a n t a g e  f o r  m u s i c i a n s  ( H o r a i s ,  P e r e t z ,  G u d a n s k i ,  & G u i a r d ,  

1 9 8 2 ) ,  and a r i g h t - e a r  a d v a n t a g e  f o r  m u s i c i a n s  but na ear 

a d v a n t a g e  for n o n m u s i c i a n s  (Prior & T r o u p ,  1 9 8 8 ) .  T h e r e  a re  

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

d i r e c t i o n  (Kellar & B e v e r , l 9 8 0 ;  Gates & Bradshaw,  1977b; 



Gordon,  1970 ,  1978 ,  1980 ;  S h a n s n ,  1979), and  f i n d i n g s  of  no  

e a r  a d v a n t a g e s  f o r  e i t h e r  g r o u p  ( P r i o r  & T r o u p ,  1988; Shanon,  

1981;  Z a t o r r e ,  1 9 7 9 ) .  A d d i t i o n a l l y ,  an o f t e n  c i t e d  study by 

Bever  and C h i a r e l l o  ( 1 9 7 4 )  found  a l e f t - e a r  a d v a n t a g e  f a r  

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

employ ing  a m o n a u r a l  t a s k .  

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

number o f  e x p e r i m e n t a l  f a c t o r s  e m e r g e .  Given t h a t  m u s i c i a n s  

d e m o n s t r a t e  g r e a t e r  a c c u r a c y  i n  most  t y 2 e s  of m u s i c a l  t a s k s ,  

i t  is d i f f i c u l t  t o  p r e v e n t  " f l o o r "  and " c e i l i n g "  e f f e c t s  i n  

c o m p a r a t i v e  s t u d i e s .  F o r  example  i n  t h e  f i r s t  e x p e r i m e n t  

r e p o r t e d  by P r i o r  and T r o u p  ( 1 9 8 8 ) ,  t h e  e r r o r  r a t e  f o r  b o t h  

g r o u p s  was o n l y  1 5 %  i n  t h r e e  o f  t h e  f o u r  b l o c k s  o f  t r i a l s ,  

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

when e r r o r  r a t e s  i n c r e a s e d  t o  37% f o r  m u s i c i a n s  and 50% f o r  

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

Shanon ( 1 9 8 1 )  h a s  a l s o  a t t r i b u t e d  a l a c k  o f  s i g n i f i c a n t  

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

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

found  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  the eas ies t  task where 

e r r o r  r a t e s  were 1 . 9 8 %  f o r  t h e  r i g h t  ear and 1 . 7 4 %  f o r  t h e  

l e f t  ear ,  o r  t h e  most  d i f f i c u l t  t a s k  i n  which  e r r o r  r a tes  

were 51 .21% f o r  t h e  r i g h t  ear and 48.41% f o r  t h e  l e f t  e a r .  

Whi le  t h e  l a c k  o f  s i g n i f i c a n t  r e s u l t s  i n  t h e  eas ies t  t a s k  may 

have  r e s u l t e d  f rom a c e i l i n g  e f f e c t ,  the a b s e n c e  of 



s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  most d i f f i c u l t  t a s k  n a y  have  

r e s u l t e d  f rom a f l o o r  e f f e c t .  Given t h a t  t h e  t a s k s  were a 

f orced-choice  d e s i g n  w i t h  two a l t e r n a t i v e s ,  s u b j e c t s '  

p e r f o r m a n c e  on t h e  most  d i f f i c u l t  t a s k  was a t  c h a n c e  l e v e l s .  

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

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

of r e p o r t e d  f i n d i n g s .  Whi le  some r e s e a r c h e r s  h a v e  found  ear 

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

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

t r a i n e d  and u n t r a i n e d  g r o u p s  ( B e v e r  & C h i a r e l l o ,  1974;  

J o h n s o n ,  1 9 7 7 ) ,  o t h e r s  have  found  t h e  emergence  o f  ear 

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

t r a n s c r i b e  mus ic  ( J o h n s o n ,  e t  a l . ,  1977).  The  i m p o r t a n c e  o f  

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

i n  a  s t u d y  by Gordon ( 1 9 8 0 ) .  Gordon d i f f e r e n t i a t e d  f i v e  

l e v e l s  of m u s i c a l  e d u c a t i o n  and competence  and f o u n d  t h a t  

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

l a r g e r  ear a d v a n t a g e s .  The f i n d i n g s  of Gordon ( 1 9 8 0 )  and 

Johnson e t  a l .  ( 1 9 7 7 )  s u g g e s t  t h a t  i n  s t u d i e s  which  have  

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

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

s h i f t  i n  ear a d v a n t a g e .  Those  s t u d i e s  which  have  n o t  

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

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

( e . g . ,  Shanon,  1 9 8 0 ) .  



Gaede,  P a r s o n s  and B e r t e r a  (1977) have  a t t e m p t e d  t o  

d i s t i n g u i s h  be tween  t h e  e f f e c t s  of  a p t i t u d e  and e x p e r i e n c e  

u s i n g  t h e  Drake  M u s i c a l  A p t i t u d e  T e s t .  No ear a d v a n t a g e s  

were found  t o  be r e l a t e d  t o  e x p e r i e n c e  o r  h i g h  l e v e l s  af 

a p t i t u d e .  However,  s u b j e c t s  m e a s u r i n g  low i n  a p t i t u d e  showed 

a lef t -ear  a d v a n t a g e  f o r  d e t e r m i n i n g  t h e  number o f  n o t e s  

c o z p r i s i n g  a c h o r d  and a r i g h t - e a r  a d v a n t a g e  f o r  melody 

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

e x p e r i e n c e  may have  r e s u l t e d  f rom a modest  c r i t e r i o n  o f  f i v e  

y e a r s  o f  l e s s o n s  t o  d i s c e r n  be tween  h i g h  and low l e v e l s  o f  

e x p e r i e n c e .  I t  s h o u l d  also b e  n o t e d  t h a t  t h e  i n v e s t i g a t o r s  

u s e d  a m o n a u r a l  t a s k .  A d d i t i o n a l l y ,  it h a s  b e e n  r e p o r t e d  

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

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

o f  m u s i c a l  t a l e n t  (Henson b Wyke, 1982) .  N o t w i t h s t a n d i n g ,  

t h e  f i n d i n g s  o f  Gaede e t  a l ,  would s u g g e s t  t h a t  t h e  e f f e c t s  

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

I n v e s t i g a t o r s  h a v e  employed a t r e m e n d o u s  d i v e r s i t y  o f  

s t i m u l i  and t a s k  r e q u i r e m e n t s .  D i f f i c u l t y  i n t e r p r e t i n g  t h e  

empirical  e v i d e n c e  a r i ses  f r o m  d e l i n e a t i n g  t h o s e  aspects of 

t h e  t a s k  and s t i m u l u s  t c  which  the i n d i v i d u a l  a t t e n d s ,  

p a r t i c u l a r l y  g i v e n  t h e  complex n a t u r e  of  c e r t a i n  t ypes  of 

m u s i c a l  s t i m u l i .  # a n y  s t u d i e s  have  u s e d  m e l o d i c  e x c e r p t s  as 

s t i m u l i .  T h o s e  s t u d i e s  i n  which  m e l o d i c  s t i m u l i  d i f f e r e d  i n  

b o t h  p i t c h  and  rhythm ( e . g . ,  Bever & C h i a r e l l o ;  J o h n s o n ,  



1977; Johnson  et af., 1977; Wagner & Hannon, 1981)  found 

differences between groups. I n  c o n t r a s t ,  e x p e r i m e n t s  which 

held the r h y t h n i c  component of t h e  melody c o n s t a n t  d i d  n o t  

yield group differences (Gordon, 1978; Z a t o r r e ,  1979) .  

Some i n v e s t i g a t o r s  have a t t r i b u t e d  a l e f t - e a r  advan tage  

i n  nonmusic ians  for p r o c e s s i n g  me lod ie s ,  t o  t h e i r  h a v i n g  

employed a " h o l i s t i c "  strategy d u e  t o  an i n a b i l i t y  t o  b r e a k  

down m u s i c a l  s t i m u l i  i n t o  v e r i o u s  components (Bradshaw & 

Nettleton, 1981; Johnson e t  al., 1977; P e r e t z ,  1987; 

Peretz,  & Morais ,  1980). S e r g e n t  (1983) p o i n t s  o u t  t h e  

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

d i s t i n c t i o n  and states that it is usually p r o v i d e d  a s  a p o s t  

hoc e x p l a n a t i o n ,  r a t h e r  t h a n  an e x p e r i m e n t a l  t e s t  of  d i s t i n c t  

c o g n i t i v e  s t r a t e g i e s -  A study which a t t e m p t e d  t o  induce a 

ho l i s t i c  p r o c e s s i n g  strategy by d i r e c t i n g  s u b j e c t s '  a t t e n t i o n  

t o  overall melod ic  c o n t o u r  of t h e  melody f a i l e d  t o  produce  

a left-ear a d v a n t a g e  i n  nonmus ic i ans  ( P e r e t z ,  H o r a i s ,  & 

B e r t e l s o n ,  1987) .  However, i n  t h e  same s t u d y  P e r e t z  e t  a l .  

d i d  f i n d  t h a t  ear a d v a n t a g e s  f o r  nonmusic ians  s h i f t e d  from 

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

c r i t i c a l  n o t e s  i n  the m e l o d i e s .  

Some researchers have deployed s t i m u l i  of  less 

complexity s u c h  as individual n o t e s  played on different 

instruments. T h i s  s t r a t e g y  was used  i n  t h e  f i r s t  of  P r i o r  

and Troup's (1988) e x p e r i m e n t s -  However, w h i l e  t h e  



e x p e r i m e n t e r s  assumed t h a t  s u b j e c t s '  j u d g e m e n t s  ware  based 

e x c l u s i v e l y  on d i s c r i m i n a t i n g  among t h e  d i f f e r e n t  t i m b r e s  of  

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

a m p l i t u d e  may have  c o n t a m i n a t e d  t h e  f i n d i n g s .  A l s o ,  P r i o r  

and T r o u p  measured  r e a c t i o n  t i m e  as t h e  d e p e n d e n t  v a r i a b l e .  

Whi le  r e a c t i o n  t i m e  s t u d i e s  may e l i m i n a t e  p o s s i b l e  

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

v e r b a l l y  m e d i a t e d  t a s k s ,  Bryden (1982 )  h a s  a r g u e d  t h a t  

r e a c t i o n  t i m e  may i n  f a c t  b e  more an  i n d i c a t i o n  of l a t e r a l  

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

i n  i n f o r m a t  i o n  p r o c e s s i n g .  S i d t i s  ( 1980) h a s  r e p o r t e d  t h e  

emergence  o f  a l e f t - e a r  a d v a n t a g e  i n  n o n m u s i c i a n s  as  t h e  

ha rmonic  c o m p l e x i t y  o f  s t i m u l i  was g r a d u a l l y  i n c r e a s e d  from 

pure t o n e s  t o  s q u a r e w a v e s .  I n  a s u b s e q u e n t  s t u d y ,  a l e f t - e a r  

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

p e r c e p t i o n  o f  p u r e  t o n e s  ( S i d t i s ,  1 9 8 1 ) .  

A number o f  s t u d i e s  u s i n g  l e s s  complex a c o u s t i c  

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

it is r e a s o n a b l e  t o  s u g g e s t  t h a t  a g r e a t e r  number o f  t h e  

p a r t i c i p a n t  s u b j e c t s  would n o t  have  r e c e i v e d  m u s i c a l  

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

L e f t - e a r  a d v a n t a g e s  have b e e n  r e p o r t e d  f o r  p i a n o  t o n e s  

{ S i d t i s  & Bryden ,  1978), d i f f e r e n t  m u s i c a l  i n s t r u m e n t s  

(Kal lman & C o r b a l l i s ,  1 9 7 5 ) ,  and f o u r - n o t e  p u r e - t o n e  p a t t e r n s  

(Spreen, Spellacy, & Reid, 1 9 7 0 ) .  I n  c o n t r a s t ,  no  ear 



a d v a n t a g e s  were r e p o r t e d  f o r  f o u r - n o t e  f r e q u e n c y  p a t t e r n s ,  

d u r a t i o n  of  t o n e  p u l s e s ,  o r  single n o t e s  p l a y e d  on a  p i p e  

o r g a n  i n  a n  e x p e r i m e n t  by S p e l l a c y  ( 1 9 7 0 ) .  However,  S p e l l a c y  

d i d  f i n d  a l e f t - e a r  a d v a n t a g e  f o r  u n f a m i l i a r  s o l o  v i o l i n  

melodies. I n  a series of r e a c t i o n - t i m e  e x p e r i m e n t s  by Gates 

and Bradshaw ( 1 9 7 7 b ) ,  f i v e - n o t e  s e q u e n c e s  w a r e  c o n s t r u c t e d  

s u c h  t h a t  i n  any  one  s e q u e n c e  o n l y  one  of t h r e e  a u d i t o r y  

p a r a m e t e r s  was a l t e r e d ,  w h i l e  o t h e r s  were  held c o n s t a n t .  

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

o n e  of t h e  f i v e  n o t e s  by  h a l f  a b e a t .  A p i t c h  c h a n g e  

r e s u l t e d  f rom r a i s i n g  o r  l o w e r i n g  o n e  n o t e  a  s e m i t o n e .  

S i m i l a r  f i v e - e l e m e n t  s e q u e n c e s  i n  which  e a c h  e l e m e n t  w a s  

compr i sed  o f  a m a j o r  t h i r d  i n t e r v a l  were  composed.  Harmonic 

changes  were a c h i e v e d  by r a i s i n g  o r  l o w e r i n g  o n e  n o t e  i n  t h e  

i n t e r v a l .  Gates and  Bradshaw found  a s i g n i f i c a n t  r i g h t - e a r  

a d v a n t a g e  f o r  d e t e c t i n g  a c h a n g e  i n  rhythm,  however n o  e a r  

a d v a n t a g e s  were found  i n  e i t h e r  t h e  p i t c h  o r  harmony 

c o n d i t i o n s .  Whi le  t h e r e  a r e  p r o b l e m s  w i t h  G a t e s  and 

B r a d s h a w ' s  me thodo logy ,  t h e i r  e x p e r i m e n t s  r e p r e s e n t  one  of 

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

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

I t  would seem t h a t  i n  o r d e r  t o  c l e a r l y  e l u c i d a t e  t h e  

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

and n o n m u s i c i a n s  u s i n g  a d i c h o t i c  p r o c e d u r e ,  a t a s k  is 

r e q u i r e d  which  would d e t e c t  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  



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

f o r  d i f f e r e n c e s  t o  emerge s e v e r a l  f a c t o r s  would need t o  b e  

c o n t r o l l e d .  F i r s t ,  t h e  t a s k  would have  t o  be s u f f i c i e n t l y  

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

t h e  c h a n c e  o f  c e i l i n g  e f f e c t s ,  y e t  e a s y  enough f o r  

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

it would seem n e c e s s a r y  t o  e s t a b l i s h  a s t r i n g e n t  c r i t e r i o n  

f o r  d e l i n e a t i n g  l eve l s  o f  m u s i c a l  competence  o r  e x p e r t i s e .  

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

s p e c i f i c  a s p e c t  o f  t h e  s t i m u l u s  t h a t  t h e  s u b j e c t  was 

a t t e n d i n g  t o ,  c o u l d  b e  e x p l i c i t l y  d e t e r m i n e d .  F o u r t h ,  a 

d i c h o t i c  m o n i t o r i n g  p r o c e d u r e  as  s u g g e s t e d  by Bryden ( 1 9 8 2 )  

would assist i n  l i m i t i n g  e x t r a n e o u s  a t t e n t i o n a l  v a r i a b l e s .  

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

s t i m u l u s  s h o u l d  b e  similar enough t o  a l l o w  f o r  i p s i l a t e r a l  

s u p p r e s s i o n  w i t h o u t  f u s i o n  e f f e c t s .  F u s i o n  o r  ha rmonic  

e f f e c t s  o c c u r  when t e m p o r a l  and  s p e c t r a l  a s p e c t s  of compet ing  

s t i m u l i  combine  t o  c r e a t e  a m e a n i n g f u l  t o t a l  sound ( L a u t e r ,  

1 9 8 4 ) .  T h i s  f a c t o r  is more r e l e v a n t  w i t h  n o n v e r b a l  m a t e r i a l  

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

s o p h i s t i c a t e d  s u b j e c t s  who are accus tomed  t o  a t t e n d i n g  t o  

harmony i n  s t e r e o  s o u n d s .  Whi le  ear a s y m m e t r i e s  have  been 

f o u n d  u s i n g  w h i t e  n o i s e  as  t h e  c o m p e t i n g  s t i m u l u s  ( e . g . ,  

S p r i n g e r ,  1 9 7 3 ) ,  Z a i d e l  ( 1 9 7 7 ,  c i t e d  i n  H e n n i n g e r ,  1981) h a s  

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



t h a t  r e p o r t e d  e f f e c t s  a r e  i n c o n s i s t e n t .  H e n n i n g e r  ( 1 9 8 1 )  h a s  

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

from random t o n e s  g e n e r a t e d  a t  h i g h  s p e e d ,  o f  t h e  same 

s p e c t r a l  and f r e q u e n c y  c h a r a c t e r i s t i c s  as t h e  target  s t i m u l i .  

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

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

Walker ( 1 9 8 1 )  h a s  p u r p o r t e d  t h a t  i n d i v i d u a l s  t e n d  t o  

a t t r i b u t e  e x p l i c i t  v i s u a l  c h a r a c t e r i s t i c s  t o  movement o r  

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

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

i n  a m p l i t u d e  are  r e l a t e d  t o  p r o p o r t i o n  o r  s i z e ;  c h a n g e s  i n  

waveform are i d e n t i f i e d  w i t h  t e x t u r e  o r  p a t t e r n ;  and  c h a n g e s  

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

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

of t h e  c o n g e n i t a l l y  b l i n d  who t e n d  t o  match  t a c t i l e  s h a p e s  t o  

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

d i m e n s i o n s  ( W a l k e r ,  1985; Welch, p e r s o n a l  communica t ion ,  

Augus t ,  1 9 8 9 ) .  

I n  a  r e c e n t  s t u d y ,  Walker  (1987)  t e s t e d  s u b j e c t s '  a b i l i t y  

t o  match a u d i t o r y  s t i m u l i  which  v a r i e d  i n  o n l y  one  o f  f o u r  

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

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

Walker tested 838 s u b j e c t s  c l a s s i f i e d  i n t o  f i v e  d i f f e r e n t  



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

i n d i v i d u a l s ;  and s t r a t i f i e d  them a c r o s s  t h r e e  d i f f e r e n t  age 

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

a d u l t s .  T h r e e  m a j o r  f i n d i n g s  emerged f rom W a l k e r ' s  s t u d y .  

F i r s t ,  w h i l e  u n t r a i n e d  s u b j e c t s  pe r fo rmed  a b o v e  c h a n c e  

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

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

s c o r e s .  A l t h o u g h  c u l t u r a l  and e n v i r o n m e n t a l  v a r i a b l e s ,  

s p e c i f i c a l l y  p r o x i m i t y  and  e x p o s u r e  t o  Wes te rn  l i f e  s t y l e  

were found  t o  d i s t i n g u i s h  one  g r o u p ,  and d i f f e r e n c e s  between 

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

g r o u p  was found  t o  be s i g n i f i c a n t ,  p e r f o r m a n c e  o f  t h e  

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

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

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

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

m u s i c a l  t r a i n i n g  were more a d e p t  d i s c e r n i n g  c h a n g e s  i n  a l l  

f o u r  a c o u s t i c  p a r a m e t e r s .  

T h e s e  l a t t e r  two f i n d i n g s  are p e r t i n e n t  t a  t h e  n o t i o n  

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

amodal  and m o d a l - s p e c i f  i c  q u a l i t i e s  ( W a l k e r ,  1 9 8 7 ) .  

Lewkowicz and T u r k e w i t z  (1980) d i s t i n g u i s h  a n  amodal  f e a t u r e  

as b e i n g  p e r c e p t i b l e  i n  more t h a n  one  s e n s o r y  m o d a l i t y .  For  

example  i n t e n s i t y ,  d u r a t i o n ,  and t e x t u r e ,  are amodal 

q u a l i t i e s .  M o d a l - s p e c i f i c  refers t o  f e a t u r e s  which  are  o n l y  



i d e n t i f i a b l e  i n  one m o d a l i t y ,  such as " s w e e t n e s s "  o r  p i t c h .  

I t  is proposed  t h a t  many amodal  q u a l i t i e s  are i n n a t e l y  

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

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

degree of! l e a r n i n g  o r  t h e  i n t e r v e n t i o n  of  h i g h e r  c o g n i t i v e  

p r o c e s s e s  t o  a c h i e v e  c r o s s - m o d a l  i n t e g r a t i o n  (Marks ,  1978) .  

Thus, i n  W a l k e r ' s  s t u d y  it migh t  have  been  e x p e c t e d  t h a t  

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

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

i n t e g r a t i o n  e n g e n d e r e d  by t r a i n i n g .  I n  t a s k s  r e q u i r i n g  

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

waveform, o r  d u r a t i o n ,  t r a i n i n g  would n o t  b e  e x p e c t e d  t o  

c o n t r i b u t e  a s  s t r o n g l y  t o  s u b j e c t s '  p e r f o r m a n c e .  

G o l d b e r g  and C o s t a  (1981) have p o s i t e d  t h a t  d u e  t o  

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

more p r o f i c i e n t  a t  s i m u l t a n e o u s  p r o c e s s i n g  o f  i n f o r m a t i o n  

a c c r u i n g  f rom d i s s i m i l a r  m o d a l i t i e s .  However as an e v e n t  

becomes r o u t i n i z e d ,  t h e  f o r m a t i o n  o f  a c o g n i t i v e  c o d e  may a c t  

t o  merge m u l t i m o d a l  i n f o r m a t i o n  i n t o  a u n i t a r y  m o d a l i t y  

( C o n r a d ,  1973) .  M u s i c a l  t r a i n i n g  may p r e c i p i t a t e  a 

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

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

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

m u l t i m o d a l  i n f o r m a t i o n  i n t o  a s i n g l e  m o d a l i t y .  U n t r a i n e d  

s u b j e c t s  may show a l e f t - h e m i s p h e r e  a d v a n t a g e  f o r  those 



amodal  p a r a m e t e r s  which  a re  r e p r e s e n t e d  as i n n a t e  c o g n i k i v e  

c o d e s .  However i n  making d i s c r i m i n a t i o n s  o f  m o d a l - s p e c i f i c  

p r o p e r t i e s  s u c h  as p i t c h ,  u n t r a i n e d  s u b j e c t s  m i g h t  be  

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

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

W a l k e r ' s  ( 1 9 8 7 )  c r o s s - m o d a l  m a t c h i n g  pa rad igm p r o v i d e 3  

a " d o - a b l e "  t a s k  f o r  m u s i c i a n s  and n o n m u s i c i a n s  whict. 

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

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

a c o u s t i c  p a r a m e t e r s .  A l s o ,  ve rba l  m e d i a t i o n  would n o t  seem 

t o  be a n e c e s s a r y  a s p e c t  o f  t a s k  p e r f o r m a n c e  ( W a l k e r ,  1981), 

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

f o r  some l a n g u a g e  f u n c t i o n s .  I t  seems r e a s o n a b l e  t o  s u g g e s t  

t h a t  employ ing  a d i c h o t i c  p r e s e n t a t i o n  o f  W a l k e r ' s  pa rad igm 

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

asymmetry be tween  m u s i c a l l y  t r a i n e d  and u n t r a i n e d  s u b j e c t s ,  

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

m o d a l - s p e c i f i c  a c o u s t i c  p a r a m e t e r s  . 

Summarv 

G o l d b e r g  and C o s t a ' s  (1981) model of l e f t - h e m i s p h e r e  

a d v a n t a g e  f o r  famil iar  t a s k s  and r i g h t - h e m i s p h e r e  a d v a n t a g e  

f o r  n o v e l  t a s k s  seems u s e f u l  t o  e x p l a i n  o b s e r v e d  l a t e r a l  

a s y m m e t r i e s .  An i m p l i c a t i o n  o f  t h e i r  t h e o r y  is t h a t  

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



b u t  that e d u c a t i o n  c a n  ac t  t o  i n f l u e n c e  t h e  d e p l o y m e n t  of 

dif f e r s n t i a l  h e m i s p h e r i c  f u n c t i o n s .  M u s i c a l  t r a i n i n g  would 

seem a s u i t a b l e  domain f o r  a t e s t  o f  G o l d b e r g  and  C o s t a ' s  

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

i n  p u b l i c  e d u c a t i o n  as  is r e a d i n g  and w r i t i n g .  I t  is 

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

comprehend t h e  i n s t r u c t i o n s  o f  a d i c h o t i c  t a s k  b u t  a re  less 

e x p e r i e n c e d  w i t h  r e s p e c t  t o  t h e  s p e c i f i e d  materials .  T h i s  

would n o t  b e  a s  p o s s i b l e  w i t h  o t h e r  areas. 

While t h e  e v i d e n c e  f rom studies i n v e s t i g a t i n g  l a t e r a l  

d i f f e r e n c e s  be tween  m u s i c a l l y  t r a i n e d  and u n t r a i n e d  s u b j e c t s  

h a s  been i n c o n s i s t e n t ,  i t  is s u g g e s t e d  t h a t  f a i l u r e  t o  

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

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

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

h a n d e d n e s s  b a c k g r o u n d ,  and g e n d e r ,  h a s  c o n t r i b u t e d  t o  much o f  

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

I t  is p r o p o s e d  t h a t  a d i c h o t i c  v e r s i o n  o f  W a l k e r ' s  

(1987) t a s k  migh t  a f f o r d  a n  o p p o r t u n i t y  t o  i n v e s t i g a t e  

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

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

t r a i n e d  and u n t r a i n e d  s u b j e c t s ,  and i n  which  a c o u s t i c  

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

A d d i t i o n a l l y ,  d i f f e r e n t i a t i n g  l a t e r a l  asymmetries f o r  

d i s t i n c t  a c o u s t i c  p a r a m e t e r s  may p r o v e  to be of v a l u e  i n  the 



same manner that d e l i n e a t i n g  t h e  s i m p l e r  components  of  verbal  

language h e l p e d  t o  expand t h e  framework i n  which  t o  view 

l a t e ra l  a s y m m e t r i e s ,  and cast  d o u b t  as t o  t h e  e f f i c a c y  of t h e  

v e r b a l / n o n v e r b a l  d i c h o t o m y  ( c f . ,  Bradshaw & N e t t l e t o n ,  1 9 8 1 ) .  



t S t &  

On t h e  b a s i s  of t h e  p r e c e d i n g  l i t e r a t u r e  r e v i e w ,  t h e  

f o l l o w i n g  n u l l  h y p o t h e s e s  are  p r o p o s e d  t o  b e  t e s t e d :  

1. T h e r e  will b e  no  d i f f e r e n c e  i n  a c c u r a c y  be tween  

m u s i c i a n s  and n o n m u s i c i a n s  w i t h  r e s p e c t  t o  m a t c h i n g  

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

2 .  There w i l l  be no  d i f f e r e n c e  i n  a c c u r a c y  of  

p e r f o r m a n c e  between t h e  two o r d e r s  o f  p r e s e n t a t i o n .  

3. There will b e  n o  d i f f e r e n c e  i n  a c c u r a c y  o f  

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

ears. 

4 .  T h e r e  w i l l  b e  no  d i f f e r e n c e s  i n  a c c u r a c y  be tween  t h e  

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

s t i m u l i .  

5 .  T h e r e  w i l l  b e  no  d i f f e r e n c e  i n  t h e  p a t t e r n s  of 

asymmetry as r e l e c t e d  by t h e  l a t e r a l i t y  i n d e x  lambda,  be tween  

s t i m u l i  which  m a n i f e s t  amodal  and m o d a l - s p e c i f i c  p r o p e r t i e s .  

6 .  T h e r e  w i l l  b e  no  d i f f e r e n c e  i n  t h e  d i r e c t i o n  of 

lambda s c o r e s  be tween  m u s i c i a n s  and n o n m u s i c i a n s .  

7 .  T h e r e  w i l l  b e  no  d i f f e r e n c e  i n  t h e  m a g n i t u d e  of 

lambda s c o r e s  be tween  m u s i c i a n s  and n o n m u s i c i a n s .  

8 .  T h e r e  w i l l  be  no  d i f f e r e n c e  i n  a c c u r a c y  be tween  t h e  

f i r s t  and s e c o n d  t r i a l s  on e a c h  ear .  



CHAPTER I1 

METHOD 

suLim2eclts 

The s u b j e c t s  were 40 male  u n i v e r s i t y  s t u d e n t s  who 

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

r e m u n e r a t i o n .  T h e r e  were  28 m u s i c i a n s  and 20 n o n m u s i c i a n s .  

M u s i c i a n s  were  p r e d o m i n a n t  hy t h i r d  and f o u r t h  y e a r  mus ic  

m a j o r s  who met a l l  f i v e  c r i t e r i a :  ( a )  h a v i n g  a minimum of  

s e v e n  y e a r s  l e s s o n s  on a n  i n s t r u m e n t ,  ( b )  a t t a i n m e n t  of g r a d e  

n i n e  on t h e  Royal  C o n s e r v a t o r y  exams, (c) a mi.iimum of two 

years s f  u n i v e r s i t y  as  a mus ic  major, ( d )  s e l f - r e p o r t e d  

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

i n s t r u m e n t  more t h a n  10 h o u r s  per week. I n d i v i d u a l s  who had 

n o t  t a k e n  t h e  Royal  C o n s e r v a t o r y  exams r e q u i r e d  a  minimum of 

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

u n d e r g r a d u a t e s  who m e t  a l l  f o u r  c r i t e r i a :  (a) h a v i n g  no 

f o r m a l  t r a i n i n g  i n  mus ic  t h e o r y ,  ( b )  no  more t h a n  one  year of 

l e s s o n s  on an  i n s t r u m e n t ,  ( c )  no  l e s s o n s  i n  t h e  l a s t  f i v e  

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

s u b j e c t s  r a n g e d  i n  a g e  f rom 18 t o  36 w i t h  a mean age of 2 4 . 3  

f o r  m u s i c i a n s  and 2 4 . 9  f o r  n o n m u s i c i a n s .  

A l l  s u b j e c t s  were r i g h t  handed a s  d e t e r m i n e d  by B r y d e n ' s  

( 1 9 8 2 )  f i v e - i t e m  p r e f e r e n c e  i n v e n t o r y ,  w i t h  no  l e f t - h a n d e d  

r e l a t i o n s  i n  t h e i r  b i o l o g i c a l  f a m i l i e s  o f  o r i g i n .  None o f  



t h e  s u b j e c t s  had any known h e a r i n g  d e f i c i t  o r  p e r f e c t  p i t c h  

The 16 a u d i t o r y  s t i m u l i  c o n s t r u c t e d  by Walker  ( 1 9 8 7 )  

c o n s i s t  o f  f o u r  i t e m s  f o r  e a c h  a c o u s t i c  p a r a m e t e r :  

f r e q u e n c y ,  waveform, d u r a t i o n ,  and a m p l i t u d e .  Each  s t i m u l u s  

was d i g i t a l l y  r e c o r d e d  u s i n g  a n  Emu S y s t e m s  d i g i t a l  s a m p l e r  

(Model Emula to r  11). The sampled  s t i m u l i  were e d i t e d  s u c h  

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

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

e d i t e d  s t i m u l i  d e v i a t e d  f rom W a l k e r ' s  o r i g i n a l  s t i m u l i  w i t h  

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

a c o u s t i c  p a r a m e t e r  was p r e s e r v e d .  The 1 6  a u d i o  s t i m u l i  were  

randomized i n t o  f o u r  c o n s e c u t i v e  b l o c k s  o f  16 t r i a l s  s u c h  

t h a t  e a c h  of t h e  16 s t i m u l i  was p r e s e n t  i n  e a c h  o f  t h e  f o u r  

b l o c k s .  The s e q u e n c e  o f  p r e s e n t a t i o n  was programmed u s i n g  

S t e i n b e r g  P r o  24 c o m p o s i t i o n a l  s o f t w a r e  on a n  Atar i  compute r  

(Model 1040ST). Each t h r e e - s e c o n d  s t i m u l u s  was f o l l o w e d  by  

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

s t i m u l i  c o n s i s t e d  of  t h r e e - s e c o n d  s e g m e n t s  o f  random p u r e  

t o n e s .  The p u r e  t o n e s  were g e n e r a t e d  a t  a r a t e  o f  22 t o n e s  

per second i n  order t o  s i m u l a t e  n o i s e .  The  f o u r  b l o c k s  of 

s t i m u l i  and p u r e - t o n e  s e g m e n t s  were  r e c o r d e d  on t o  f i v e  

tracks of an Akai  m u l t i t r a c k  t a p e  recorder (Model 1 2 1 2 )  a t  a 

speed o f  19 ips, Each of t h e  f o u r  b l o c k s  o f  t r i a l s  was 



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

r e c o r d e r  (Model DA 2 )  i n  a n  ABBA f o r m a t  w i t h  t h e  c o m p e t i n g  

s t i m u l i  on t h e  o p p o s i n g  c h a n n e l .  To e n s u r e  t h e  l e v e l  o f  t a s k  

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

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

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

o v e r a l l  t a p e  s p e e d .  

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

e f f e c t s  o f  " p r i n t  t h r o u g h , "  which  o c c u r s  when d o i n g  a n a l o g  

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

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

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

o n e  p a r t  o f  t h e  t a p e  becoming a u d i b l e  on o t h e r  areas of t h e  

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

s e g m e n t s  which  p r e c e d e  o r  f o l l o w  the r e c o r d e d  s e g m e n t s ,  w i t h  

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

t h r o u g h .  P r i n t  t h r o u g h  is most  a p p a r e n t  when u s i n g  s l o w e r  

r e c o r d i n g  s p e e d s  and  n a r r o w  t a p e  s u c h  a s  s t a n d a r d  a u d i o  

cassettes.  

W a l k e r ' s  ( 1 9 8 7 )  o r i g i n a l  1 6  se t s  o f  v i s u a l  m e t a p h o r s  

w e r e  u s e d  (see Appendix  A ) ,  e a c h  s e t  c o r r e s p o n d i n g  t o  an  

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

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

alternatives i n  t h e  set were randonly a s s i g n e d  to a different 

order on the test t o  avoid s u b j e c t s  c h o o s i n g  v i s u a l  s t i m u l i  



on t h e  b a s i s  sf p o s i t i o n .  

Tapes  were p layed  on a C a s i o  d i g i t a l  t a p e  r e c o r d e r  

(Hudel D A Z )  . Subjects l i s t e n e d  ove r  AKG headphones (Model 

K340) w h i c h  had been c a l i b r a t e d  for e q u a l  c h a n n e l  i n t e n s i t y .  

S t i m u l i  were presented a t  70db.  - 
A f t e r  f i l l i n g  o u t  the m u s i c a l  e x p e r i e n c e  and handedness/  

fami ly  handedness  background q u e s t i o n n a i r e  ( a d a p t e d  f rom 

Henninger,  1981, see Appendix B), s u b j e c t s  were p r e s e n t e d  

with t h e  s t i m u l u s  t a p e .  Each s u b j e c t  was p r e s e n t e d  w i t h  four 

b l o c k s  of 16 t r i a l s  f o r  a t o t a l  of  64 t r i a l s .  T e s t i n g  was 

preceded by r e c o r d e d  i n s t r u c t i o n s .  Prior t o  each b l o c k  of  

t r ia l s ,  s u b j e c t s  were i n s t r u c t e d  t o  a t t e n d  t o  a s p e c i f i c  ear 

and choose  t h e  v i s u a l  r e p r e s e n t a t i o n  which b e s t  matched t h e  

sound heard i n  that particular ear. S u b j e c t s  were asked t o  

i n d i c a t e  their choices by circling one o f  f o u r  v i s u a l  

eetapurs w h i c h  co r r e sponded  t o  e a c h  sound .  Hal f  t h e  s u b j e c t s  

heard the s t i m u l i  i n  a r i g h t ,  l e f t ,  l e f t ,  r i g h t  o r d e r ;  t h e  

a t h e r  h a l f ,  in a l e f t ,  r i g h t ,  r i g h t ,  l e f t  o r d e r .  An 

experimental s e s s i o n  l a s t e d  25 m i n u t e s .  



CHAPTER 111 

RESULTS 

Overview o f  t h e  -is P r o c e d u  

The r e s u l t s  a re  o r g a n i z e d  i n t o  f i v e  main s e c t i o n s :  

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

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

e r r o r  s c o r e s  and p o s t  hoc  c o m p a r i s o n s ;  ( d )  a n a l y s i s  of  

d i f f e r e n c e  s c o r e s  employ ing  t h e  l a t e r a l i t y  i n d e x ,  lambda;  and 

(e) u n i v a r i a t e  and p o s t  h o c  a n a l y s e s  of  t h e  e r r o r  s c o r e s  i n  

r e l a t i o n  t o  t r i a l s .  

n e s c r i ~ t i v e  S t a t i s t i c s  

The t o t a l  e r r o r s  made by nonrnus ic ians  r a n g e d  f rom 7 t a  

31 o u t  o f  a p o s s i b l e  64 w i t h  a mean e r r o r  s c o r e  o f  15 .95  

( s - d - = 5 . 3 6 ) .  The mean e r r o r  s c o r e  f o r  n o n m u s i c i a n s  on t h e  

l e f t  ear w a s  7.3 ( s . d , = 3 . 0 6 )  and f o r  t h e  r i g h t  ear w a s  8 .65  

(s.d.=2.56). The t o t a l  e r r o r s  made by m u s i c i a n s  r a n g e d  f rom 

4 t o  25 w i t h  a mean of 1 0 . 1  ( s . d . = 4 . 7 6 ) .  The mean er ror  

s c o r e  f o r  m u s i c i a n s  on t h e  l e f t  e a r  w a s  5 .45 (s.d.=2.8) and 

f o r  t h e  r i g h t  ear w a s  4.65 ( s . d . = 2 . 1 8 ) .  These s c o r e s  are 

shown i n  F i g u r e  1. 

The means and  s t a n d a r d  d e v i a t i o n s  f o r  the e r r o r  s c o r e s  

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

shorn i n  T a b l e  I. N o  errors were commi t t ed  by m u s i c i a n s  on 



F i g u r e  1 

Mean E r r o r  Scores 

By Ear and  By M u s i c a l  T r a i n i n g  

M u s i c i a n s  

------- N o n m u s i c i a n s  

Left E a r  R i g h t  E a r  



Table 1 

Means and S t a n d a r d  D e v i a t i o n s  

F o r  F r e q u e n c y ,  Waveform, D u r a t i o n ,  and Ampl i tude  Items 

F r e q u e n c y  

L e f t  

R i g h t  

Waveform 

Left 

R i g h t  

D u r a t i o n  

L e f t  

R i g h t  

A m p l i t u d e  

L e f t  

R i g h t  



t h e  d u r a t i o n  items i n d i c a t i n g  t h a t  a  c e i l i n g  e f f e c t  had 

o c c u r r e d .  A s  s e e n  i n  T a b l e  1, f o r  a l l  o t h e r  c o m p a r i s o n s  

between e a r s ,  m u s i c i a n s  commit ted  f e w e r  e r r o r s  on r i g h t  ear 

items w h i l e  n o n m u s i c i a n s  commit ted  f e w e r  e r r o r s  on l e f t  e a r  

i t ems .  

a t e  A n s L y s r s  

U s i n g  SPSS MANOVA, a 2 X 2 X 2 m u l t i v a r i a t e  a n a l y s i s  o f  

variance was p e r f o r m e d  on f o u r  d e p e n d e n t  v a r i a b l e s :  t h e  

e r r o r  s c o r e s  on (a) f r e q u e n c y ,  ( b )  d u r a t i o n ,  ( c )  waveform, 

and ( d )  a m p l i t u d e  i t e m s .  T h e r e  were two b e t w e e n - g r o u p s  

factors, o r d e r  ( l e f t ,  r i g h t ,  r i g h t ,  l e f t ;  r i g h t ,  l e f t ,  l e f t ,  

r i g h t )  and m u s i c a l  t r a i n i n g  ( m u s i c i a n s ,  n o n m u s i c i a n s ) .  E a r  

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

With  t h e  u s e  o f  H o t e l l i n g ' s  t race  c r i t e r i o n ,  t h e  

combined d e p e n d e n t  v a r i a b l e s  were s i g n i f i c a n t l y  a f f e c t e d  by 

m u s i c a l  t r a i n i n g  ( F ( 4 , 3 3 ) = 5 . 3 5 ,  p = . 0 0 2 ) .  T h u s ,  t h e  f i r s t  n u l l  

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

between m u s i c i a n s  and n o n m u s i c i a n s  was r e j e c t e d .  The main 

e f f ec t  f o r  o r d e r  w a s  n o t  s i g n i f i c a n t  ( F ( 4 , 3 3 ) = . 5 0 ,  p = . 7 3 3 ) .  

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

(F(4,33)=.09, p = . 9 8 4 ) .  The main e f f e c t  f o r  ear was n o t  

s i g n i f i c a n t  ( F ( 4 , 3 3 ) = . 9 0 ,  p = . 4 7 7 ) ,  n o r  was t h e  o r d e r  by ear 

i n t e r a c t i o n  ( F ( 4 , 3 3 ) = . 4 3 ,  p=.789). Thus, t h e  s e c o n d  n u l l  

h y p o t h e s i s ,  t h a t  t h e r e  would b e  n o  d i f f e r e n c e s  be tween  t h e  



two o r d e r s  o f  p r e s e n t a t i o n ,  is t e n a b l e .  The m u s i c a l  t r a i n i n g  

b y  ear i n t e r a c t i o n  was s i g n i f i c a n t  ( F ( 4 , 3 3 ) = 4 . 4 3 ,  p = . 0 0 6 ) .  

Thus ,  t h e  t h i r d  n u l l  h y p o t h e s i s ,  t h a t  t h e r e  would b e  no  

d i f f e r e n c e  be tween  t h e  l e f t  and r i g h t  e a r s  was r e j e c t e d .  The 

o r d e r ,  by  m u s i c a l  t r a i n i n g ,  by ear ,  t h r e e - w a y  i n t e r a c t i o n  was 

n o t  s i g n i f i c a n t  ( F ( 4 , 3 3 ) = . 0 5 ,  p = . 9 9 5 ) .  

T h e s e  r e s u l t s  are shown i n  T a b l e  2 .  

l a t e  Andxsls ~ n d  Post Hoc Comjxuisorrs  

To i n v e s t i g a t e  t h e  s i g n i f i c a n t  m u l t i v a r i a t e  main e f f e c t  

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

t r a i n i n g  by e a r  i n t e r a c t i o n ,  c o r r e s p o n d i n g  u n i v a r i a t e  F - t e s t s  

were p e r f o r m e d  on t h e  c o m p o s i t e  e r r o r  s c o r e s  and f o r  each of  

t h e  d e p e n d e n t  v a r i a b l e s  ( T a b a c h n i c k  & F i d e l l ,  1 9 8 3 ) .  

A 2  X 2  X 2 a n a l y s i s  o f  v a r i a n c e  was p e r f o r m e d  on t h e  

c o m p o s i t e  e r r o r  s c o r e s  w i t h  two be tween-groups  f a c t o r s ,  

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

ears .  A s  shown i n  T a b l e  3 ,  t h e r e  aas a s i g n i f i c a n t  e f f e c t  o f  

m u s i c a l  t r a i n i n g  ( F ( 1 , 3 6 ) = 1 2 . 6 6 ,  p = . 0 0 1 )  and a s i g n i f i c a n t  

m u s i c a l  t r a i n i n g  by  ear i n t e r a c t i o n  ( F ( P , 3 6 ) = 1 5 . 2 2 ,  p = . O O l ) .  

T h e r e  were n o  o t h e r  s i g n i f i c a n t  main e f f e c t s  o r  i n t e r a c t i o n s .  

U s i n g  t h e  Newman-Keuls method o f  m u l t i p l e  c o m p a r i s o n s  ( W  i n e r  , 

1971), a l l  mean d i f f e r e n c e s  were  s i g n i f i c a n t .  S i g n i f i c a n t  

d i f f e r e n c e s  of s p e c i f i c  i n t e r e s t  are  t h o s e  be tween :  l e f t  and 

r i g h t  ears f o r  m u s i c i a n s  (NK(36 ,2 )=2 .91 ,  p<.05), l e f t  and 



T k b l e  2 

M u l t i v a r i a t e  Analysis of V a r i a n c e  o f  Error Scores 

Using Hotelling's Trace C r i t e r i o n  

SaLlrce 

Musical .64849 
Training(MT) 

Order .06109 

Ear .lo878 

O r d e r  X MT .98892 

MT X Ear .53699 

Order  X ,05155 
Ear 

Order X .08609 
MT X Ear 



T a b l e  3 

A n a l y s i s  o f  V a r i a n c e  Summary Table 

F o r  Compos i t e  E r r o r  S c o r e s  

Source SS RE is. E Q 

M u s i c a l  T r a i n i n g  171.113 1 171.113 12.663 . 00 1 

O r d e r  .613 1 .613 .045 .883 

M u s i c a l  T r a i n i n g  .313 1 - 3 1 3  .023 -880 
X O r d e r  

E r r o r  ( W i t h i n )  486.450 36 13.513 

E a r  1.514 1 1.514 ,997 .325 

M u s i c a l  T r a i n i n g  23.110 1 23.110 15.224 .OO1 
X E a r  

O r d e r  X E a r  .I12 1 .I12 .074 .787 

M u s i c a l  T r a i n i n g  .I15 1 .I15 .078 .785 
X O r d e r  X E a r  

E r r o r  ( W i t h i n )  54.650 36 1.518 



r i g h t  ears  f o r  n o n m u s i c i a n s  (KKC3G,2)=4.91, p < . 0 5 ) ) ,  l e f t  e a r  

scores f o r  m u s i c i a n s  and n o n ~ v s i c i a n s  (NK(36 ,2 )=6 .73 ,  p <  .O5), 

and r i g h t  ear  s c o r e s  f o r  m z i c i a n s  and n o n m u s i c i a n s  

(NK(36,4)=14.55,  p<.05). The p r o p o r t i o n  o f  v a r i a n c e  t h a t  c a n  

be a c c o u n t e d  f o r  by  m u s i c a l  t r a i n i n g ,  W* (Hays ,  1 9 6 3 ) ,  

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

r i g h t  ear ( w z = . 4 0 4 2 ) , i n  c o n t r a s t  t o  a  weaker  a s s o c i a t i o n  t o  

the l e f t  e a r  ( w 2 = . 0 6 7 9 ) .  

The r e s u l t s  o f  t h e  s e p a r a t e  u n i v a r i a t e  F tests p e r f o r m e d  

on each of  t h e  d e p e n d e n t  v a r i a b l e s ,  f r e q u e n c y ,  d u r a t i o n ,  

waveform, and a m p l i t u d e ,  are shown i n  Tables  4 , 5 , 6 ,  and 7 ,  

r e s p e c t i v e l y .  The main e f f e c t  f o r  m u s i c a l  t r a i n i n g  was 

s i g n i f i c a n t  f o r  f r e q u e n c y  ( F ( 1 , 3 6 ) = 7 . 2 4 ,  p=.011), d u r a t i o n  

(F(1,36)=13.09, p= .001), and waveform ( F ( 1 , 3 6 ) = 4 . 3 1 ,  

p=.045). The m u s i c a l  t r a i n i n g  by e a r  i n t e r a c t i o n  was shown 

t o  be s i g n i f i c a n t  f o r  f r e q u e n c y  ( F ( 1 , 3 6 ) = 5 . 2 6 ,  p=.028) and 

waveform ( F ( 1 , 3 6 ) = 4 . 7 0 ,  p = . 0 3 7 ) .  Thus ,  t h e  f o u r t h  n u l l  

h y p o t h e s i s ,  t h a t  t h e r e  would be no d i f f e r e n c d s  be tween the 

f o u r  a c o u s t i c  p a r a m e t e r s  w a s  r e j e c t e d .  

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

e a r  i n t e r a c t i o n  e f f e c t s ,  s e p a r a t e  Newman-Keuls p r o c e d u r e s  

were p e r f o r m e d  on the f r e q u e n c y  and waveform mean e r r o r  

s c o r e s .  Compar i sons  o f  t h e  means f o r  f r e q u e n c y  showed t h a t  

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

be tween l e f t  and r i g h t - e a r  e r r o r s  f o r  m u s i c i a n s  was n o t  



Table 4 

A n a l y s i s  o f  V a r i a n c e  Summary T a b l e  

F o r  E r r o r  S c o r e s  on F r e q u e n c y  Items 

Source SS I1E 13s E. Q 

M u s i c a l  T r a i n i n g  21.01250 1 21.01250 7.23529 .011 

O r d e r  2.81250 1 2.81250 .96844 .332 

M u s i c a l  T r a i n i n g  .61250 1 .61250 .21098 . 649  
X O r d e r  

E r r o r  ( W i t h i n )  104.55000 36 2.90417 

E a r  

O r d e r  X E a r  

M u s i c a l  T r a i n i n g  1.51250 1 1.51250 5.26087 ,028 
X E a r  

M u s i c a l  T r a i n i n g  .01250 1 .01250 .04348 .836 
X O r d e r  X E a r  

E r r o r  ( W i t h i n )  10.35000 36 .28750 



Table 5 

Analys i s  of Variance Summary Table 

For Error Scores  on Durat ion Items 

Source SS RE Ms E E 

Musical T r a i n i n g  17.11250 1 17.11250 13.09352 .001 

Order .I1250 1 .I1250 ,08608 ,771 

Musical T r a i n i n g  .I1250 1 .I1250 .08808 .771 
X Order 

E r r o r  (With in)  47.05000 38 1.30694 

Ear .31250 1 ,31250 1.64234 .208 

Order X Ear -01250 1 .01250 .06589 .799 

Musical Training .31250 1 .31250 1.64234 .208 
X Ear 

Musical T r a i n i n g  .01250 1 .01250 .06569 .799 
X Order X Ear 

E r r o r  (With in)  6.85000 36 ,19028 



T a b l e  6 

A n a l y s i s  o f  V a r i a n c e  Summary Table 

F o r  E r r o r  S c o r e s  on Waveform I t e m s  

Source ss I1E Ms E E 

M u s i c a l  T r a i n i n g  12.80000 1 12.80000 4.31057 .045 

O r d e r  3.20000 1 3.20000 1.07764 . 306  

M u s i c a l  T r a i n i n g  .05000 1 .05000 .01684 -897 
X O r d e r  

E r r o r  ( W i t h i n )  106.90000 36 2.96944 

E a r  .45000 1 .45000 ,66122 .421 

O r d e r  X E a r  .80000 1 .80000 1.17551 .285 

M u s i c a l  T r a i n i n g  3.20000 1 .20000 4.70204 .037 
X E a r  

M u s i c a l  T r a i n i n g  .05000 1 .05000 .07347 .788 
X Order X Ear 

E r r o r  ( W i t h i n )  24.50000 36 ,68056 



T a b l e  7 

A n a l y s i s  of V a r i a n c e  Summary Table 

F o r  E r r o r  S c o r e s  on A m p l i t u d e  I tems 

Source SS RE E E 

M u s i c a l  T r a i n i n g  -61250 1 -61250 .I4824 -702 

Order -31250 1 .31250 .07563 ,785 

M u s i c a l  T r a i n i n g  -01250 1 -01250 .00303 -956 
X Order 

E r r o r  ( W i t h i n )  148.75000 36 4.13194 

E a r  -61250 1 .61250 .83681 -366 

O r d e r  X E a r  .01250 1 .01250 .01708 .897 

M u s i c a l  T r a i n i n g  1.51250 1 1.51250 2.06641 -159 
X Ear 

Musical T r a i n i n g  .01250 1 .01250 .01708 -897 
X O r d e r  X E a r  

E r r o r  ( W i t h i n )  26.35000 36 ,73134 



s i g n i f i c a n t  (NK(36,2)=1.25, p > . 0 5 ) .  The r e s u l t s  d e m o n s t r a t e  

t h a t  f o r  f r e q u e n c y ,  m u s i c a l  t r a i n i n g  accounted  f o r  more of 

t h e  v a r i a n c e  on t h e  r i g h t  e a r  (#2=.2026) t h a n  t h e  l e f t  ear 

@ 2 = . 0 5 7 7 ) .  With r e s p e c t  t o  waveform, compar i sons  of  t h e  

means showed t h a t  w h i l e  l e f t - r i g h t  e a r  d i f f e r e n c e s  f o r  

m u s i c i a n s  was s i g n i f i c a n t  (NK(36,2)=2.98, p < . 0 5 ) ,  e a r  

d i f f e r e n c e s  f o r  nonmus ic i ans  w a s  n o t  s i g n i f i c a n t -  A l l  o t h e r  

compar i sons  between means w e r e  s i g n i f i c a n t  e x c e p t  f o r  t h e  

d i f f e r e n c e  between m u s i c i a n s  and nonmusic ians  on t h e  l e f t  

ear .  A s  was t h e  case w i t h  f r e q u e n c y ,  m u s i c a l  t r a i n i n g  

accoun ted  f o r  more of t h e  v a r i a n c e  on right ear @J2=.1725) 

t h a n  left e a r  waveform items @2=.0065) .  

L a t e r u t v  Index 

The lambda c o e f f i c i e n t  (Bryden & S p r o t t ,  1 9 8 1 ) ) ,  a 

l a t e r a l i t y  i ndex ,  was computed f o r  each s u b j e c t  u s i n g  t h e  

compos i t e  e r r o r  s c o r e s .  Lambda is calculated as t h e  n a t u r a l  

l o g a r i t h m  o f :  X~cn-XL) /XL<~-XR);  where XR is r i g h t  ear 

e r r o r s ,  XL is l e f t  ear e r r o r s ,  and n  is t h e  number of  t r i a l s .  

Accord ing  t o  Bryden and S p r o t t ,  l anbda  is m a t h e m a t i c a l l y  

u n c o r r e l a t e d  w i t h  o v e r a l l  accuracy. A p o s i t i v e  v a l u e  of 

lambda indicates  a greater number of e r r o r s  on the r i g h t  ear 

or a left-ear advantage,  a negative lambda va lue  i n d i c a t e s  a 

right-ear advan tage ,  and a lambda of z e r o  i n d i c a t e s  no  ear 

advantage, The number of s u b j e c t s  showing r i g h t ,  left, and 



no ea.r a-dvantage as measured by t h e  l a t e r a l i t y  index is shown 

i n  Table 8. The lambda scores w e r e  s u b j e c t e d  t o  a 2 X 2 

analysis of  v a r i a n c e  w i t h  o r d e r  and musical t r a i n i n g  as 

be tween-groups  f a c t o r s .  A s  shown i n  Table 9, t h e r e  w a s  a 

significant effect of musical t r a i n i n g  (F(1,36)=11.88, 

p=.001). Significantly more m u s i c i a n s  show a r i g h t - e a r  

advantage i n  contrast t o  n o n m u s i c i a n s  who show a left-ear 

advantage. Thus, t h e  s i x t h  n u l l  h y p o t h e s i s ,  t h a t  t h e r e  would 

be no d i f f e r e n c e  i n  direction o f  lambda scores be tween  

m u s i c i a n s  and n o n m u s i c i a n s ,  is r e j e c t e d .  

The absolute lambda s c o r e s  were s u b j e c t e d  t o  a 2 X 2 

analysis  o f  variance with order and m u s i c a l  t r a i n i n g  as 

b e t w e e n - g r o u p s  factors. A s  shown i n  T a b l e  10, n o  s i g n i f i c a n t  

d i f f e r e n c e s  between g r o u p s  were f o u n d  f o r  t h e  m a g n i t u d e  of 

lambda. T h u s ,  the s e v e n t h  h y p o t h e s i s ,  t h a t  t h e r e  would be no  

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

m u s i c i a n s  and  n o n m u s i c i a n s  is t e n a b l e .  

S e p a r a t e  fambda values f o r  each subject were a l s o  

computed on t h e  error scores f o r  each o f  t h e  f o u r  a c o u s t i c  

parameters- The fambda values were s u b j e c t e d  t o  a 2 X 2 X 4 

analysis of variance with o r d e r  and m u s i c a l  t r a i n i n g  as 

between-groups factors,  and the  f o u r  types o f  a c o u s t i c  

parameters, a w i t h i n  s u b j e c t s  factor. As shown in Table  11, 

there was a significant main e f f e c t  f o r  m u s i c a l  t r a i n i n g  

CFCf,36)=7.25, p=.011). There were n o  o t h e r  s i g n i f i c a n t  main 



Group  

T a b l e  8 

Number of S u b j e c t s  D i s p l a y i n g  Right, L e f t ,  

and No E a r  Advantage as I n d i c a t e d  by Lambda 

R igh t  Ea r  
Advantage 

L e f t  Ear 
Advantage 

No Ear 
Advantage 

Mus ic i ans  11 4 5 

Nonmusicians 4 14 2 



Table 9 

A n a l y s i s  o f  V a r i a n c e  Summary Table 

F o r  D i r e c t i o n  of Lambda Scores  

Source SS RE KS E B 

M u s i c a l  T r a i n i n g  1.981 1 1.981 11.878 .001 

O r d e r  -004  1 -004 .022 .884 

M u s i c a l  T r a i n i n g  -075 1 -075 .447 .508 
X O r d e r  

E r r o r  ( W i t h i n )  6 .006 36 -167 



Table 10 

A n a l y s i s  of V a r i a n c e  Summary Table 

F o r  Magni tude  of Lambda S c o r e s  

Source SS RE KS E. E 

M u s i c a l  T r a i n i n g  . O O O  1 . O O O  .OOO -988  

Order . 0 3 1  1 - 0 3 1  .302 -586 

M u s i c a l  T r a i n i n g  .067 1 - 067  . €359 - 4 2 2  
X O r d e r  

E r r o r  ( W i t h i n )  3.646 36 -101 



Table 11 

A n a l y s i s  of Variance  Summary T a b l e  

For Lambda S c o r e s  For Frequency, D u r a t i o n ,  

Waveform, and Amplitude 

Musical T r a i n i n g  

Order 

Musical T r a i n i n g  
X Order 

E r r o r  ( W i t h i n )  

A c o u s t i c  
Parameter (AP) 

H u s i c a l  Training 
X AP 

Order X AP 

H u s i c a l  Y r a i n i n g  
X Order X AP 

Error  ( W i t h i n )  209. 186 108 



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

f r e q u e n c y  i t e m s  were  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom lambda 

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

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

p a t t e r n s  of asymmetry be tween  amodal  and m o d a l - s p e c i f i c  

p a r a m e t e r s  r e m a i n s  t e n a b l e .  

Trials 

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

p e r f o r m a n c e ,  a 2 X 2 X 2 X 2 a n a l y s i s  o f  v a r i a n c e  was 

computed on t h e  e r r o r s  commi t t ed  d u r i n g  f i r s t  and second  

t r i a l s  f o r  e a c h  e a r  ( s e e  T a b l e  1 2 ) .  The  b e t w e e n - g r o u p s  

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

( f i r s t ,  s e c o n d )  and ear ( l e f t ,  r i g h t )  a s  w i t h i n - g r o u p s  

f a c t o r s .  A s i g n i f i c a n t  main e f f e c t  w i t h  B o n f e r r o n i  

c o r r e c t i o n  w a s  shown f o r  m u s i c a l  t r a i n i n g  ( F ( 1 , 3 6 ) = 1 2 . 0 6 ,  

p<.05). No o t h e r  main e f f e c t s  o r  i n t e r a c t i o n s  were  

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

would be n o  d i f f e r e n c e s  be tween  f i r s t  and s e c o n d  t r i a l s ,  is 

t e n a b l e .  



T a b l e  1 2  

A n a l y s i s  o f  V a r i a n c e  Summary T a b l e  

F o r  E r r o r  S c o r e s  on Trials 

Saurce SS 

Order  .079 

M u s i c a l  T r a i n i n g  (MT) 8 1 . 0 8 7  

MT X O r d e r  

E r r o r  ( W i t h i n )  

E a r  

O r d e r  X E a r  

HT X Ear 

MT X Order X E a r  

E r r o r  ( W i t h i n )  

T r i a l s  

O r d e r  X T r i a l s  

MT X T r i a l s  

MT X Order X T r i a l s  

E r r o r  ( W i t h i n )  

Ears X T r i a l s  

Order X E a r s  X Trials 2 . 0 3 9  

HT X E a r s  X T r i a l s  .4 17 

O r d e r  X MT X E a r s  .202 
X T r i a l s  

Error (Within) 42.369 



CHAPTER IV 

DISCUSSION 

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

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

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

s t u d y  w i l l  b e  a d d r e s s e d .  A d d i t i o n a l l y ,  r ecommenda t ions  f o r  

f u r t h e r  e m p i r i c a l  work w i l l  b e  made. 

on of M a o r  Fl- 

A m a j o r  f i n d i n g  i n  t h i s  s t u d y  is t h a t  m u s i c i a n s  and 

n o n m u s i c i a n s  show o p p o s i t e  p a t t e r n s  o f  asymmetry i n  

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

t r a i n i n g  a c c o u n t e d  f o r  40% of  t h e  v a r i a n c e  on r i g h t - e a r  

s c o r e s  i n  c o n t r a s t  t o  7% on l e f t - e a r  s c o r e s ,  e m p h a s i z e s  t.he 

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

a c c u r a c y  o f  m u s i c i a n s '  p e r f o r m a n c e .  I n  l i g h t  of G o l d b e r g  and  

Costa's ( 1 9 8 1 )  model ,  t h i s  augmented r i g h t - e a r  a d v a n t a g e  

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

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

h e m i s p h e r e .  G o l d b e r g  ( 1 9 8 9 )  p r o p o s e s  a  " g r a d i e n t a l "  

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

p a r t i c i p a t i o n  i n  t h e  b r o a d  s p e c t r u m  of  c o g n i t i v e  p r o c e s s e s .  

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

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



s c h e m a t a .  These c o g n i t i v e  s t r u c t u r e s  are s u b s e q u e n t l y  

employed i n  i n t e r n a l  p r o c e s s e s  o f  o r g a n i z a t i o n .  I t  is 

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

i t  per fo rmed  more r a p i d l y ,  b u t  less i n f o r m a t i o n  may b e  

r e q u i r e d  t o  r e a c h  t h e  t h r e s h o l d  f o r  which  t h e  a l g o r i t h m  is 

e x e c u t e d .  I f  a s  G o l d b e r g  and C o s t a  (1981) s u g g e s t ,  s u c h  

a l g o r i t h m s  are  g r a d u a l l y  r e l e g a t e d  t o  more compact  and 

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

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

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

i n v o l v e m e n t  i n  t h e  t a s k .  S p e c i f i c a l l y ,  t h e  l e s s  a n  e v e n t  is 

deemed n o v e l ,  t h e  l ess  i n t e r c o n n e c t e d  r i g h t - h e m i s p h e r e  

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

w i t h  t h e  t a s k .  C o g n i t i v e  f u n c t i o n s  may b e  r e p r e s e n t e d  a l o n g  

a con t inuum o f  r e l a t i v e  i n v o l v e m e n t  be tween t h e  c e r e b r a l  

h e m i s p h e r e s .  

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

c o d i f i c a t i o n  of an  a c o u s t i c  e v e n t  would be f r e q u e n c y ,  

waveform, d u r a t i o n ,  and a m p l i t u d e .  The a l g o r i t h m  f o r  

d i s c e r n i n g  c h a n g e s  i n  a sound  m i g h t  be s t r u c t u r e d  a r o u n d  the 

g e n e r a l  r u l e  o f  l o o k i n g  f o r  c o h e r e n c e  among temporally 

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

s u c h  a r u l e  h a s  b e e n  s u g g e s t e d  by H i n t o n  ( i n  p r e s s ) .  F o r  

m u s i c i a n s ,  i t  may b e  t h a t  c e r t a i n  p r o p e r t i e s  o f  sound  i n v o k e  

a l g o r i t h m s  o r  schema.  B e i n g  r e l a t i v e l y  more f a m i l i a r  w i t h  



t a s k  demands,  m u s i c i a n s  may a l s o  be a d v a n t a g e d  by a more 

immedia te  c o g n i t i v e  p r o c e d u r e  and l e s s  i n f o r m a t i o n  b e i n g  

c o n d i t i o n a l  f o r  its e x e c u t i o n .  

T h i s  v iew o f  h e m i s p h e r i c  f u n c t i o n  p r o v i d e s  f o r  n o t i o n s  

o f  b o t h  c o m p l e m e n t a r i t y  and c o n v e r g e n c e .  The model p roposed  

is f o u n d e d  on a n  a d a p t i v e  f e a t u r e ,  t h e  p r o p e n s i t y  f o r  d r a w i n g  

s i m i l a r i t i e s ,  r e c o g n i z i n g  p a t t e r n s ,  and making c o m p a r i s o n s  on 

t h e  b a s i s  of  p r i o r  e x p e r i e n c e .  Under normal  c o n d i t i o n s ,  t h e  

h e m i s p h e r e s  ac t  i n  c o n c e r t .  Each h e m i s p h e r e  r e c e i v i n g  h i g h l y  

s imi lar  s e n s o r y  i n p u t ,  imposes  a  d i f f e r e n t  p a t t e r n  o f  

c o g n i t i v e  s t r u c t u r e s .  The r i g h t  h e m i s p h e r e  a c t s  on p e r c e i v e d  

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

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

e x p e r i e n c e .  Whi le  some have  a r g u e d  t h a t  h e m i s p h e r i c  

c o m p l e m e n t a r i t y  is s t a t i s t i c a l  a s  opposed t o  f u n c t i o n a l  

( B r y d e n ,  ~ g c a e n ,  & D e A g o s t i n i ,  1982), t h e s e  c l a i m s  have  been 

b a s e d  on a v e r b a l - s p a t i a l  d i c h o t o m y .  The c h a r a c t e r i z a t i o n  of  

t h e  l e f t  h e m i s p h e r e  as " t h e  l a n g u a g e  hemisphere"  ( B r y d e n ,  

1982) may b e  l ess  a p p r o p r i a t e  i n  s t r i c t  r e f e r e n c e  t o  v e r b a l  

l a n g u a g e .  R a t h e r ,  t h e  term l a n g u a g e  m i g h t  b e  more a n a l o g o u s  

t o  a compute r  programming l a n g u a g e ,  a g e n e r i c  code  f o r  

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

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

i n  p e r f o r m a n c e  may n o t  r e f l ec t  h e m i s p h e r i c  s p e c i a l i z a t i o n  f o r  

s p e c i f i c  s t i m u l u s  c lasses  o r  g e n e r a l i z e d  c o g n i t i v e  modes.  



R a t h e r ,  the d i s t i n c t i o n  between h e m i s p h e r i c  p r o c e s s e s  may be 

b a s e d  on t h e  manner i n  wh'ch i n f o r m a t i o n  is p r o c e s s e d  and 

l e a r n i n g  t a k e s  p l a c e .  

I t  is a l s o  i m p o r t a n t  t o  n o t e  t h a t  c o n c e p t u a l i z i n g  

h e m i s p h e r i c  f u n c t i o n s  i n  t h i s  way r e l i e s  on a more complex 

model o f  c e r e b r a l  o p e r a t i o n s .  Such a model  would have  l ess  

i n  common w i t h  more t r a 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  

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

components  ( e . ~ . ,  M o s c o v i t c h ,  1986). R a t h e r ,  i t  becomes 

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

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

d i s p e r s e d  and m a n i p u l a t e d  i n  v a r i o u s  l o c a t i o n s ,  as p o s i t e d  by 

c o n n e c t i o n i s t  mode l s  ( c f .  H i n t o n  & Anderson ,  1989).  

The f i n d i n g  o f  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  lambda 

between amodal  and m o d a l - s p e c i f i c  f o r m s  o f  s t i m u l i ,  may b e  

viewed as c o n c o r d a n t  w i t h  t h e  model .  D i s c r i m i n a t i n g  amodal  

features n a y  b e  a more " h a r d w i r e d "  f u n c t i o n  p r e s e n t  a t  b i r t h ,  

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

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

c o g n i t i v e  s t r u c t u r e s  (Marks ,  1978).  However,  t h e  n o t i o n  t h a t  

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

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

m u s i c i a n s  and n o n m u s i c i a n s  is n o t  s u p p o r t e d  by t h i s  s t u d y .  

A l t h o u g h  i t  is p o s s i b l e  t h a t  a c h a n g e  i n  l a t e r a l i z a t i o n  may 

o c c u r  d u r i n g  m a t u r a t i o n ,  i t  would seem t h a t  f o r  a d u l t  males, 



t h e  amodal  o r  m o d a l - s p e c i f i c  c h a r a c t e r  o f  t h e  s t i m u l u s  is n o t  

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

S i g n i f i c a n t  m u s i c a l  t r a i n i n g  by e a r  i n t e r a c t i o n s  were  

o n l y  found  f o r  f r e q u e n c y  and waveform items. However, t h e  

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

e q u a l  and t h u s ,  e r r o r  s c o r e s  f o r  e a c h  p a r a m e t e r  a r e  n o t  

d i r e c t l y  c o m p a r a b l e .  Whi le  a c e i l i n g  e f f e c t  f o r  d u r a t i o n  

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

were i n  t h e  e x p e c t e d  d i r e c t i o n ,  and i t  is c o n c e i v a b l e  t h a t  

s i g n i f i c a n t  d i f f e r e n c e s  would emerge w i t h  a d d i t i o n a l  

s u b j e c t s .  T h u s ,  t h e  n a t u r e  o f  t h e  a c o u s t i c  p a r a m e t e r  may 

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

The f i n d i n g  o f  no  s i g n i f i c a n t  m u s i c a l  t r a i n i n g  by t r i a l  

i n t e r a c t i o n s  f o r  e i t h e r  e a r ,  would seem t o  i n d i c a t e  an 

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

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

t e s t i n g .  However, t h e  f i n d i n g  t h a t  i n c r e a s e d  a c c u r a c y  was 

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

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

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

i n c r e a s e  a c c u r a c y .  I n c r e a s e d  a c c u r a c y  may b e  c o n t i n g e n t  upon 

i n d i v i d u a l s '  a b i l i t y  t o  a u t o m a t e  some a s p e c t s  o f  t h e  t a s k .  

F o c a l ,  compact  s t r u c t u r e s  i n  t h e  l e f t - h e m i s p h e r e  may be a 

more e f f i c i e n t  u s e  o f  memor ia l  r e s o u r c e s  t h a n  d i f f u s e  r i g h t -  

h e m i s p h e r e  s t r u c t u r e s .  I f  t h e  t a s k  p l a c e s  maximum demands on 



memorial and p r o c e s s i n g  r e s o u r c e s  in t h e  r i g h t  hemisphere  of 

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

f o r  r i gh t -hemisphe re  c a p a b i l i t y .  Beyond a c e r t a i n  p o i n t ,  a 

s h i f t  i n  t h e  d i r e c t i o n  of hemisphe r i c  a c t i v a t i o n  must o c c u r  

b e f o r e  more e f f i c i e n t  and a c c u r a t e  p r o c e s s i n g  can t a k e  p l a c e .  

I t  is proposed t h a t  musicians' s u p e r i o r  pe r fo rmance  on t h e  

cross-modal  matching task r e s u l t s  from hav ing  automated some 

aspects of t h e  task, t h e r e b y  making more e f f i c i e n t  use of 

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

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

f o r  t h e  e f f e c t s  of p r i n t  t h r o u g h .  Many s t u d i e s  which have 

f a i l e d  t o  c o n t r o l  f o r  p r i n t  t h rough  may have i n  f a c t ,  n o t  

been d i c h o t i c  s t u d i e s .  I n a d v e r t e n t l y  e x p o s i n g  s u b j e c t s  t o  

random monaural  p r e s e n t a t i o n s  of  t h e  t a r g e t  s t i m u l u s  p r i o r  t o  

the e x p e r i m e n t a l  t r i a l ,  may b i a s  s u b j e c t s '  responses. 

Although t h e r e  are no r e p o r t e d  s t u d i e s  comparing t h e  e f f e c t s  

of p r i n t  t h rough  i n  a d i c h o t i c  paradigm,  t h e  e f f e c t s  of b r i e f  

exposure t o  s t i m u l i  has been r e l i a b l y  demons t r a t ed  i n  what 

Za jonc  (1980)  h a s  termed t h e  "exposu re  e f f e c t . "  The e x p o s u r e  

effect o c c u r s  when s u b j e c t s  are i n i t i a l l y  shown s t i m u l i  a t  an 

exposu re  d u r a t i o n  which d o e s  n o t  permit r e c o g n i t i o n .  I n  

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

s t i m u l i  which t h e y  have r e c e i v e d  b r i e f  exposure to, o v e r  



s t i m u l i  w i t h  which  t h e y  h a v e  had n u  p r i o r  e x p e r i e n c e  

( H o r e l a n d  & Zajonc, 1977, 1979;  Kunst -Wilson & Z a j o n c ,  1980). 

Thus ,  p r i o r  e x p o s u r e  t o  target s t i m u l i  a t  e v e n  s e e m i n g l y  

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

e x p e r i m e n t a l  e f f e c t s .  

The  exposure e f f e c t  may a l s o  be  r e l e v a n t  t o  many 

d i c h o t i c  s t u d i e s  which  have u s e d  t h e  same s t i m u l i  as  b o t h  

ta rget  and c o m p e t i n g  stimuli in e x p e r i m e n t a l  t r i a l s  ( e - g . ,  

Bryden,  1986; Bryden ,  L e y ,  & Sugarman,  1982; P r i o r  & T r o u p ,  

1 9 8 8 ) .  The common p r a c t i s e  of p a i r i n g  s t i m u l i  w i t h  e v e r y  

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

may b i a s  s u b j e c t s '  r e s p o n s e s  t o  t h o s e  s t i m u l i  w i t h  which  t h e y  

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

o f  random t o n e s  g e n e r a t e d  a t  a h i g h  r a t e  o f  p r e s e n t a t i o n  a s  

competing s t i m u l i ,  n o t  o n l y  e l i m i n a t e s  f u s i o n  e f f ec t s ,  b u t  

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

p r e e x p o s i n g  s u b j e c t s  t o  target  s t i m u l i .  

The r e s u l t s  of t h i s  s t u d y  would s u g g e s t  t h a t  t h e  c r o s s -  

modal  m a t c h i n g  task s e r v e d  as  a n  e f f e c t i v e  means i n  

d i s c e r n i n g  l a t e r a l  a s y m m e t r i e s  i n  m u s i c i a n s  and n o n m u s i c i a n s  . 

As w e l l  as a l l o w i n g  f o r  e x p l i c i t  c o n t r o l  of t h e  aspect of 

sound b e i n g  a t t e n d e d  t o ,  the task does  n o t  necessarily 

require v e r b a l  m e d i a t i o n .  While some n i g h t  argue an 

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

visual Imaging ,  s u c h  an  a d v a n t a g e  h a s  been more r e a d i l y  



attrituP2d t o  the right hemisphere  (Ley, 1983). If v i s u a l -  

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

musicians would be e x p e c t e d  t o  show a r i s h t - h e m i s p h e r e  

advan tage .  T h e  assumption t h a t  t h e  c ross -modal  ma tch ing  t a s k  

r e q u i r e s  imaging a b i l i t y  o r  a p r o c e s s  by which a u d i t o r y  

information is t r a n s f e r r e d  t o  t h e  v i s u a l  domain is somewhat 

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

are d e r i v e d  from "an i n t r i n s i c  u n i t y  of t h e  senses" (Marks, 

1978, p .  181). Auerbach and S p e r l i n g  (1974) found t h a t  when 

subjects were r e q u i r e d  t o  make s a m e - d i f f e r e n t  judgments  a b o u t  

t h e  s p a t i a l  origin o f :  two a u d i t o r y  s t i m u l i ,  t w o  l i g h t s ,  o r  

an a u d i t o r y  s t i m u l u s  and a l i g h t ;  no  v a r i a n c e  c o u l d  be 

a t t r i b u t e d  t o  t r a n s l a t i n g  from one s p a t i a l  r e p r e s e n t a t i o n  t o  

another. Auerbach and S p e r l i n g  a r g u e  t h a t  v i s u a l  and 

a u d i t o r y  s e n s a t i o n s  are r e p r e s e n t e d  i n  a common p e r c e p t u a l  

space. The t e r m  imagery need n o t  imply t h e  n o t i o n  o f  

t r a n s f e r  o r  m e d i a t i o n  f rom one s e n s o r y  m o d a l i t y  t o  a n o t h e r .  

R a t h e r ,  t h e r e  may be a single c o g n i t i v e  s p a c e  which is common 

to i n f o r m a t i o n  a c c r u i n g  from a l l  s e n s e  m o d a l i t i e s .  

Additionally, t h e  s t r i n g e n t  c r i t e r ia  employed f o r  

d i s t i n g u i s h i n g  between n u s i c a l l y  t r a i n e d  and u n t r a i n e d  

s u b j e c t s  a l s o  may have been a major f a c t o r  i n  o b t a i n i n g  t h e  

observed asymmet r i e s .  



d a t i o n s  F o r  F W e r  Research 

The r e s u l t s  o f  t h i s  s t u d y  would  s u g g e s t  t h a t  m u s i c  is a  

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

o b s e r v e d  p a t t e r n s  o f  asymmetry a n d  e s p o u s e d  model  o f  

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

e x p l a n a t i o n  f o r  W a l k e r ' s  (1987) f i n d i n g s  o f  s u p e r i o r  

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

I t  was b e y o n d  the s c o p e  of t h i s  s t u d y  t o  d i s t i n g u i s h  

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

e x p e r i e n c e .  C o m p a r i n g  m u s i c i a n s  w i t h  v a r y i n g  d e g r e e s  of  

formal e d u c a t i o n  ( e - g . ,  G o r d o n ,  1980) may h e l p  t o  

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

t h e  d e v e l o p m e n t  o f  r e q u i s i t e  c o g n i t i v e  s t r u c t u r e s .  I t  may 

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

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

t r a i n i n g ,  b u t  are u s e d  t o  m a k i n g  d i s c r e t e  j u d g m e n t s  a b o u t  

s o u n d  - 

I n  t h e  p r e s e n t  s t u d y ,  d i s t i n g u i s h i n g  s u b j e c t s  on t h e  

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

h e m i s p h e r i c  asymmetries. The  r e s u l t s  s u g g e s t  t h a t  i n  t e s t s  

of  la tera l  asymmetries,  i t  is i m p o r t a n t  t o  c o n t r o l  f o r  domain  

specif ic  k n o w l e d g e  w h i c h  may a d v a n t a g e  p a r t i c u l a r  i n d i v i d u a l s  

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

s u b j e c t  variables s u c h  a s  e d u c a t i o n ,  age, g e n d e r ,  arid 

i n d i v i d u a l  strategies may p r o v i d e  f u r t h e r  e v i d e n c e  f o r  



u n d e r s t a n d i n g  l a t e r a l i z e d  e f f e c t s .  However, w h i l e  

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

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

e m p h a s i z i n g  t h e s e  d i f f e r e n c e s  h a s  overshadowed t h e  c o n v e r g e n t  

n a t u r e  of l a t e r a l  p r o c e s s e s .  R e f o c u s i n g  on t h e  complementa ry  

a s p e c t s  of h e m i s p h e r i c  p r o c e s s ,  r a t h e r  t h a n  complementa ry  

c l a s s i f i c a t i o n s  b a s e d  on s p e c i f i c  s t i m u l u s  c o n t e n t ,  may p r o v e  

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

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

b e  l a rge ly  r e l a t e d  t o  t h e  a u d i o  q u a l i t y  of t h e  d i c h o t i c  t a s k .  

U n t i l  more is u n d e r s t o o d  a b o u t  t h e  e x t r a n e o u s  e f f e c t s  o f  

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

and a d m i n i s t r a t  i o n  of  a u d i t o r y  t a s k s .  
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V i s u a l  M e t a p h o r s  





APPENDIX B 

ess Quest- 

Gender: male( ) female ( ) 

A e :  

. . 
i c a l  T r z u x u n g  

1. Do you p l a y  a n  i n s t r u m e n t ?  yes-+- no  

If y e s ,  which  i n s t r u m e n t ( s ) ?  

2 .  Have you had v o c a l  t r a i n i n g ?  y e s  no  

3 .  D o  you sing i n  a c h o i r ?  y e s  no  

4 .  Do you r e a d  m u s i c ?  y e s  no  

5 .  Can you t r a n s c r i b e  mus ic?  y e s  no 

6 .  If you h e a r d  a p i e c e  p e r f o r m e d  s l o w l y ,  t w i c e ,  c o u l d  you 

w r i t e  down t h e  n o t e s  f o r  a :  

f o l k  s o n g  w i t h  c h o r d s :  y e s  no  

hymn w i t h  harmony: yes n o  

f a m i l i a r  melody: yes  n o  

u n f a m i l i a r  melody:  y e s  n o  

s t r i n g  q u a r t e t :  yes n o  

o r c h e s t r a l  p h r a s e :  yes  no 

7. Do you have perfect p i t c h ?  yes n o  



8. Do you have any known hearing d i f f i c u l t i e s ?  y e s  no  

9 .  Do you c o n s i d e r  y o u r s e l f  a :  

. . 
musician n o n m u s i c l a n  

Have you ever had m u s i c  l e s s o n s ?  yes no 

If y e s ,  f o r  how many y e a r s ?  How l o n g  ago?  

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

u n i v e r s i t y  lexrel have you had? 

Wl-*at is t h e  h i g h e s t  l e v e l  you have  a t t a i n e d  a t  t h e  Royal  

C o n s e r v a t o r y  on a n  i n s t r u m e n t ?  

Which i n s t r u r n e n t ( s ) ?  

H i g h e s t  l e v e l  of t h e o r y ?  

Are you c u r r e n t l y  p r a c t i c i n g  o r  p e r f o r m i n g ?  

Yes no  

H o w  many hours per week do  you p r a c t i s e  o r  p e r f o r m ?  

less t h a n  one  1 t o  5 

5 t o  1 0  more t h a n  1 0  

A t  what l e v e l  are  you p e r f o r m i n g ?  

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

When you l i s t e n  t o  m u s i c ,  is i t  more o f t e n :  

as background f o r  a n o t h e r  task 

usually t h e  main a c t i v i t y  



17. How many h o u r s  p e r  week do  you l i s t e n  t o  music'? 

l ess  t h a n  o n e  1 t o  5 

5 t o  10 more t h a n  1 0  

18. How i m p o r t a n t  was m u s i c  i n  y o u r  home when you were  

g r o w i n g  up? 

un impor tan t -  m o d e r a t e l y  i m p o r t a n t  

i m p o r t a n t  v e r y  i m p o r t a n t  

19 .  How i m p o r t a n t  is mus ic  i n  y o u r  l i f e  now? 

u n i m p o r t a n t -  

i m p o r t a n t  

m o d e r a t e l y  i m p o r t a n t  

v e r y  i m p o r t a n t  

HandecSness 

20.  Do you c o n s i d e r  y o u r s e l f :  

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

21 .  Which hand d o  you p r e f e r  t o  th row a b a l l  w i t h ?  

r i g h t  l e f t  b o t h  equally 

22.  Which hand d o  you p r e f e r  t o  b r u s h  y o u r  t e e t h  w i t h ?  

r i g h t  l e f t  b o t h  e q u a l l y  

23. Which hand do  you p r e f e r  t o  wri te  a  message  w i t h ?  

r i g h t  l e f t  b o t h  e q u a l l y  

24. Which hand d o  you p r e f e r  t o  draw a p i c t u r e  w i t h ?  

r i g h t  l e f t  b o t h  e q u a l l y  



25.  Which hand d o  you p r e f e r  t o  h o l d  s c i s s o r s  when c u t t i n g  

s o m e t h i n g ?  

r i g h t  l e f t  b o t h  e q u a l l y  

26 .  Is y o u r  b i o l o g i c a l  f a t h e r :  

r i g h t  handed left handed 

a m b i d e x t r o u s  don ' t  know 

27. Is y o u r  b i o l o g i c a l  m o t h e r :  

r i g h t  handed l e f t  handed 

a m b i d e x t r o u s  d o n ' t  know 

2 8 .  Do you have  any l e f t - h a n d e d  b l o o d  r e l a t i v e s  s u c h  as  a 

s i b l i n g ?  y e s  n o  

I f  y e s  how are t h e y  r e l a t e d ?  

29 .  Do you have  a n y  a m b i d e x t r o u s  b l o o d  r e l a t i v e s  s u c h  a s  a 

s i b l i n g ?  y e s  no  

I f  y e s  how are  t h e y  r e l a t e d ?  

- 

30. Was y o u r  h a n d e d n e s s  e v e r  changed?  y e s  no  
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S u b j e c t  C o n s e n t  Form 

The U n i v e r s i t y  and t h o s e  c o n d u c t i n g  t h i s  p r o j e c t  s u b s c r i b e  t o  
t h e  e t h i c a l  c o n d u c t  o f  r e s e a r c h  and t o  t h e  p r o t e c t i o n  a t  a l l  
t i m e s  o f  t h e  i n t e r e s t s ,  c o m f o r t ,  and s a f e t y  o f  s u b j e c t s .  
T h i s  fo rm and t h e  i n f o r m a t i o n  it  c o n t a i n s  are g i v e n  t o  you 
f o r  y o u r  own p r o t e c t i o n  and f u l l  u n d e r s t a n d i n g  o f  t h e  
p r o c e d u r e s ,  r i s k s  and b e n e f i t s  i n v o l v e d .  Your s i g n a t u r e  on 
t h i s  f o r m  w i l l  s i g n i f y  t h a t  you have  r e c e i v e d  t h e  document 
d e s c r i b e d  be low r e g a r d i n g  t h i s  p r o j e c t ,  t h a t  you have  
r e c e i v e d  a n  a d e q u a t e  o p p o r t u n i t y  t o  c o n s i d e r  t h e  i n f o r m a t i o n  
i n  t h e  document ,  and t h a t  you v o l u n t a r i l y  a g r e e  t o  
p a r t i c i p a t e  i n  t h e  p r o j e c t .  

Hav ing  b e e n  a s k e d  b y  J e f f  Sugarman of  t h e  M t v  of 
E d u c a t i o n  o f  Simon F r a e r  Unive- t o  p a r t i c i p a t e  i n  a 
r e s e a r c h  p r o j e c t  e x p e r i m e n t ,  I have  r e a d  p r o c e d u r e s  s p e c i f i e d  
i n  the document e n t i t l e d :  Matchina Visual b t d ~ h o r s  t o  Sollnd 

I u n d e r s t a n d  t h e  p r o c e d u r e s  t o  be u s e d  on t h i s  e x p e r i m e n t  and 
t h e  p e r s o n a l  r i s k s  t o  m e  i n  t a k i n g  p a r t .  

I a l s o  u n d e r s t a n d  that I may reg i s te r  any  c o m p l a i n t  I might 
have a b o u t  t h e  e x p e r i m e n t  w i t h  t h e  c h i e f  r e s e a r c h e r  named 
a b o v e  o r  w i t h  D r .  R o b b i n o w .  D i r e c t o r  o f  Gr- 
S t l l d i e s .  Fanll].tv & - E d u c a ~ o n  F-er UI-Liyersitix- 

C o p i e s  o f  t h e  r e s u l t s  o f  t h i s  s t u d y ,  upon its c o m p l e t i o n ,  may 
be o b t a i n e d  by c o n t a c t i n g  Jeff S u & u m m .  F a c u l t y  o f  
Educ=ation. 

I agree t o  p a r t i c i p a t e  by e n g a g i n g  i n  t h e  p r o c e d u r e s  o u t l i n e d  
i n  t h e  " I n f o r W o n  S h e e t  F o r  Sub- d u r i n g  t h e  p e r i o d  and 
l o c a t i o n  a g r e e d  t o .  

ADDRESS 

SIGNATURE 

DATE 
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I n f o r m a t i o n  S h e e t  F o r  S u b j e c t s  

T h i s  form d e s c r i b e s  p r o p o s e d  tests i n v o l v i n g  p h y s i c a l ,  
p s y c h o l o g i c a l ,  o r  a n y  o t h e r  i n v a s i v e  t e s t i n g .  

Thankyou f o r  p a r t i c i p a t i n g  i n  t h i s  e x p e r i m e n t .  Your 
i n v o l v e m e n t  is g r e a t l y  a p p r e c i a t e d .  

I n  t h i s  s t u d y  you w i l l  be a s k e d  t o  c o m p l e t e  a  b r i e f  
q u e s t i o n n a i r e  c o n c e r n i n g  y o u r  musical t r a i n i n g  and  
e x p e r i e n c e ,  and y o u r  h a n d e d n e s s  and t h e  h a n d e d n e s s  o f  y o u r  
immedia te  f a m i l y .  F o l l o w i n g  c o m p l e t i o n  o f  t h e  q u e s t i o n n a i r e ,  
a  l i s t e n i n g  t a s k  w i l l  be  a d m i n i s t e r e d .  I n  t h i s  t a s k  you w i l l  
hear s o u n d s  p r e s e n t e d  t h r o u g h  headphones .  You w i l l  b e  a s k e d  
t o  a t t e n d  t o  one  ear i n  p a r t i c u l a r ,  and match  t h e  sound  h e a r d  
i n  t h a t  p a r t i c u l a r  e a r  t o  a s h a p e .  You are  t o  c h o o s e  among 
t h e  f o u r  s h a p e s  and c i r c l e  t h e  shape which most  r e s e m b l e s  
t h e  sound you h e a r d .  

Your q u e s t i o n n a i r e  and  t e s t  r e s p o n s e s  a re  coded s u c h  t h a t  
anonymi ty  is s t r i c t l y  m a i n t a i n e d .  

A t  a n y  t i m e  d u r i n g  t h e  e x p e r i m e n t  s h o u l d  you f e e l  a n e e d  t o  
wi thdraw y o u r  p a r t i c i p a t i o n ,  p l e a s e  d o  s o .  
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