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Abst  r a c t

S i m u l a t i o n  and E v a l u a t i o n  o f  a Model o f  Meter P e r c e p t i o n

by

Benjamin 0 .  Mi 11er  

A d v i s e r :  P r o f e s s o r  Don L. Scarborough

A model  o f  d u r a t i o n - b a s e d  meter  p e r c e p t i o n  uas  

d e v e l o p e d  and i mpl ement ed as  a computer  s i m u l a t i o n .  The 

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

meter  w i t h i n  t h e  f i r s t  f e u  n o t e s  o f  a p i e c e  o f  mu s i c .

BEATS uas  e v a l u a t e d  a s  a model  o f  human meter  p e r c e p t i o n  in 

f our  e x p e r i m e n t s .  The f i r s t  t h r e e  used the  m e t r i c  probe  

t e c h n i q u e ,  in whi ch t he  s u b j e c t  h e a r s  a ve r y  s h o r t  rhythm,  

uhi c h  i s  h y p o t h e s i z e d  t o  i nduc e  a p a r t i c u l a r  me t e r ,  

f o l l o w e d  by a s i n g l e  probe n o t e .  The d e l a y  o f  t h e  probe  

p l a c e s  i t  at  one o f  s e v e r a l  p o s i t i o n s  in t he  h y p o t h e s i z e d  

m e t r i e  h i e r a r c h y .  The p a t t e r n  o f  s u b j e c t s '  r e s p o n s e s  to  

probes  in d i f f e r e n t  p o s i t i o n s  s e r v e d  as  an i n d i c a t i o n  of  

p e r c e i v e d  m e t r i c  s t r u c t u r e .  Each e x pe r i me nt  i n v o l v e d  a 

d i f f e r e n t  r e s p o n s e :  r a t i n g  t he  probe f o r  how w e l l  i t  

c ompl e t ed  t he  rhythm;  i d e n t i f y i n g  t he  not e  v a l u e  

c o r r e s p o n d i n g  t o  t h e  p r o b e ' s  d e l a y ;  and r e p r o d u c i n g  t he  

rhythm and probe  by t a p p i n g .  R e s u l t s  from t h e s e  

e x p e r i me n t s  s u g g e s t  t h a t  l i s t e n e r s  do r e p r e s e n t  meter  

h i e r a r c h i c a l l y  and t h a t ,  l i k e  BEATS, t he y  can e x t r a c t  meter



q u i c k l y  and from d u r a t i o n s  a l o n e .  The f o u r t h  e x pe r i me nt  

compared BEATS a n a l y s e s  o f  l o n g e r  mus i ca l  rhythms u i t h  t he  

m e t r i c  s t r u c t u r e  p e r c e i v e d  by s u b j e c t s .  S u b j e c t s '  t a s k  uas  

t o  tap t he  beat  o f  t h e  rhythm b e i n g  p l a y e d .  By t a p p i n g  

u i t h  both hands s u b j e c t s  r e v e a l e d  t uo l e v e l s  o f  t he  

p e r c e i v e d  m e t r i c  h i e r a r c h y ,  one l e v e l  t o  each hand.  BEATS 

c o r r e c t l y  p r e d i c t e d  40% o f  s u b j e c t s '  r e s p o n s e s ,  both  

c o r r e c t  and i n c o r r e c t .  In a d d i t i o n ,  i n d i v i d u a l  s u b j e c t s  

t ended t o  produce  more than a s i n g l e  i n t e r p r e t a t i o n  of  

i n d i v i d u a l  s t i m u l i ,  uh i c h  i s  i n c o n s i s t e n t  u i t h  t he  f a c t  

t ha t  BEATS p r o d u c e s  a s i n g l e  a n a l y s i s  of  a g i v e n  p i e c e .

Thi s  may be r e s o l v e d  by c o n s i d e r i n g  t h a t  a)  l i s t e n e r s  

n o r mal l y  e x t r a c t  met er  not  from d u r a t i o n  a l o n e  but from 

s e v e r a l  k i n d s  o f  c u e s  ( i n c l u d i n g  d u r a t i o n )  at  onc e ;  and 

t h a t  b) uhen o t h e r  c u e s  are  u n a v a i l a b l e  d u r a t i o n  c ue s  may 

be i n a d e q u a t e  or ambi guous .
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I .  I n t r o d u c t i o n

The Probl em

You t u r n  on t h e  r a d i o .  A symphony you have  ne v e r  heard

i s  b e i n g  p l a y e d .  A moment or two l a t e r ,  p e r h a p s  w i t h o u t

t h i n k i n g  about  i t ,  you b e g i n  c o n d u c t i n g  t h e  i n v i s i b l e  

o r c h e s t r a .  Uhat  has  happened h e r e ?

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

abo v e  s c e n a r i o  and o t h e r s  l i k e  i t .  F i r s t ,  what  a r e  t h e  

t empor a l  c h a r a c t e r i s t i c s  o f  t h i s  c o n d u c t i n g  ( t o e - t a p p i n g ,  

f i n g e r - s n a p p i n g ,  t a b l e - r a p p i n g ,  e t c . )  r e s p o n s e ?  Uhat i s  

t h e  n a t u r e  o f  t h e  me nt a l  r e p r e s e n t a t i o n  o f  t h e s e  t i m e ­

k e e p i n g  a c t i v i t i e s ?  Uhat  i s  t h e  r e l a t i o n  be t we e n  t h i s  

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

mus i c  a r e  r e l e v a n t  t o  t h i s  pr o b l e m?  Most i m p o r t a n t ,  how 

d o e s  t h e  l i s t e n e r  g e n e r a t e  t h i s  r e p r e s e n t a t i o n  a s  h e / s h e  

l i s t e n s  t o  a p i e c e  o f  m u s i c ?

M e t r i c  S t r u c t u r e

P e o p l e  p e r c e i v e  p a t t e r n s  i n  t e mpora l  e v e n t s  even  in 

t h e  a b s e n c e  o f  any p h y s i c a l  c u e s .  For e x a mp l e ,  we hear  a 

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

gr oupe d  by t wos  or p o s s i b l y  t h r e e s  ( F r a i s s e ,  1 9 8 2 ) ,  u i t h  

t h e  f i r s t  t o n e  o f  e ach  group a c c e n t e d ,  a s  shown b e l o w .
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1 2 3 4 5 6 7 8 9 10 11 12
J J J J J J J J J J J J e t c .

1 .....................................................................................
Metr i c  1e v e l  2 • • • •

3 •

In t h i s  n o t a t i o n ,  i n t r o d u c e d  by Lerdahl  8< J a c k e n d o f f  

( 1 9 8 3 ) ,  each rou o f  d o t s  i s  a m e t e r ,  a r e g u l a r  s e r i e s  of  

p e r c e i v e d  p u l s e s ,  or b e a t s ,  t h a t  mark o f f  equal  temporal  

i n t e r v a l s .  Each meter  i s  a l e v e l  in a m e t r i c  h i e r a r c h y .

At each s u c c e s s i v e  l e v e l  o f  t h e  h i e r a r c h y  t he  i n t e r v a l  

bet ween b e a t s  i s  doubl e  or t r i p l e  t h a t  o f  t he  p r e v i o u s  

l e v e l .  Uhen b e a t s  c o i n c i d e ,  a s  at  l o c a t i o n s  1,  4 ,  7 and 10 

a b o v e ,  t h e y  t o g e t h e r  c o n s t i t u t e  a s i n g l e  beat  t h a t  marks  

o f f  i n t e r v a l s  at  each o f  t he  s e v e r a l  m e t r i c  l e v e l s ,  and as  

such are  s t r o n g e r  b e a t s .  The p e r c e p t u a l  a s p e c t  o f  the  

above  m e t r i c  s t r u c t u r e  can be r e p r o duc e d  by t a p p i n g  u i t h  

t h e  number of  f i n g e r s  i n d i c a t e d  by t h e  number of  d o t s  in a 

column at  each n o t e  ( 3 1 1 2 1 1  e t c . ) ,  or t a p p i n g  u i t h  a 

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

beat  me a s ur e s  o f f  an i n t e r v a l ,  or u a v i n g  o n e ’ s arm in a 

r o u g h l y  t r i a n g u l a r  p a t t e r n ,  and so on.  Thus m e t r i c  

s t r u c t u r e  i s  more than an o r g a n i z a t i o n  o f  m e t e r s ;  i t  i s  a 

h i e r a r c h y  o f  a c c e n t s  as  u e l l .

Met ers  and m e t r i c  h i e r a r c h i e s  a r e  mental  

r e p r e s e n t a t i o n s ,  but t he y  i n t e r a c t  u i t h  mus i c  in a complex  

uay.  Whi l e  a s e q u e n c e  l i k e  t h a t  above  can be p e r c e p t u a l l y  

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

s t r u c t u r e s ,  a s  i l l u s t r a t e d  b e l o u .  C e r t a i n  p o i n t s  in t he  

musi c  are  s t r e s s e d ,  a s  i n d i c a t e d  by c a p i t a l s  ( s l i g h t  

s t r e s s )  and by u n d e r l i n e d  c a p i t a l s  ( s t r o n g e r  s t r e s s ) .  In 

t he  f i r s t  e x a mpl e ,  a m e t r i c  s t r u c t u r e  t h a t  groups  J s  by 

t h r e e  ( i . e .  a 3 / 4  t i me  s i g n a t u r e )  i s  c o n s i s t e n t  u i t h  the  

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

a -  ho SAY can y o u  SEE b y  the DAHN'S ear - ly LIGHT whatso etc.
J- 3J J J J JT“ 3J J J J n

♦  •

Houever ,  t he  same p i e c e  i s  i n c o n s i s t e n t  u i t h  a d i f f e r e n t  

m e t r i c  s t r u c t u r e  ( b e l o u )  t h a t  gr o ups  J s  by tuo ( i . e .  a 4 / 4  

t i me  s i g n a t u r e )  b e c a u s e  some s t r o n g  b e a t s  c o i n c i d e  u i t h

u n s t r e s s e d  n o t e s  (or  u i t h  no n o t e )  in t he  s o ng .

o- ho SAY can you SEE by the OAHN'S ear - ly LIGHT uftatso etc.
J. 3 J J J J JT “ 3J J J J J” J

•  •  •

In t he  above  e x a mp l e s ,  t he  f i r s t  met er  i s  b e t t e r  be c a u s e  i t

a c c u r a t e l y  r e f l e c t s  t h e  r e g u l a r  r e c u r r e n c e  of  s t r e s s e s  in 

t he  mu s i c .  Th i s  i n t e r a c t i o n  be t ween m e t r i c  s t r u c t u r e ,  

uhi c h  p r e d i c t s  s t r e s s e s ,  and t h e  mus i c  i t s e l f  i s  rhythm.

For e xampl e ,  s y n c o p a t e d  rhythms o c c ur  uhen p e r c e i v e d  

mus i ca l  a c c e n t s  are  heard at  r e l a t i v e l y  weak p o s i t i o n s  in 

t h e  m e t r i c  s t r u c t u r e .  Thus ,  mu s i c a l  e v e n t s  are  heard  

w i t h i n  a framework e s t a b l i s h e d  by t h e  m e t r i c  s t r u c t u r e .  On
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the  o t h e r  hand,  t he  mus i c  i t s e l f  must a l s o  gui de  the  

l i s t e n e r  in e s t a b l i s h i n g  t h a t  m e t r i c  framework in the f i r s t  

P1 a c e .

The q u e s t i o n  a d d r e s s e d  by t h i s  r e s e a r c h ,  t h e n ,  i s  t h i s :  

How does  t he  l i s t e n e r  d i s c o v e r  a m e t r i c  s t r u c t u r e ?  In 

p a r t i c u l a r ,  t o  what e x t e n t  does  t he  s e que nc e  o f  d u r a t i o n s  

c o n t a i n e d  in a p i e c e  o f  mus i c  p r o v i d e  the  l i s t e n e r  wi t h  the  

means to  e x t r a c t  an a p p r o p r i a t e  mental  r e p r e s e n t a t i o n  of  

the  m u s i c ' s  t emporal  r e g u l a r i t i e s ?  Co n c e n t r a t i n g  on the  

r o l e  of  d u r a t i o n  i n t h i s  way i s  not  meant to  imply t ha t  

ot he r  mus i ca l  d i me n s i o n s  ( e . g .  mel ody ,  harmony,  l y r i c s )  are  

not r e l e v a n t  t o  t he  e x t r a c t i o n  of  meter  or to  t he  rhyt hmi c  

c h a r a c t e r i s t i c s  o f  mus i c  in g e n e r a l .  However,  t h e r e  are  

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

the  e x t r a c t i o n  o f  meter  from d u r a t i o n .  F i r s t ,  g i v e n  the  

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

and e mp i r i c a l  p o v e r t y  o f  musi c  p s y c h o l o g y ,  i t  i s  n e c e s s a r y  

to beg i n  wi t h  f a i r l y  s i mp l e  s t i m u l i .  Whi le i t  i s  not  c l e a r  

how or to  what e x t e n t  d u r a t i o n  c o n t r i b u t e s  to meter  

e x t r a c t i o n ,  i t  i s  n e v e r t h e l e s s  t he  most o bv i o u s  p l a c e  to  

b e g i n ,  and i t  i s  c l e a r  from p r e l i m i n a r y  r e s u l t s ,  d i s c u s s e d  

be l ow,  t h a t  l i s t e n e r s  can and do f i n d  me t r i c  s t r u c t u r e  in 

d u r a t i o n  s e q u e n c e s .  Se co nd ,  by u n d e r s t a n d i n g  when and how 

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

me t e r ,  we w i l l  have l e a r n e d  s o me t h i ng  about  what t o  l ook
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f o r  in e x a mi n i ng  t h e  c o n t r i b u t i o n  o f  o t h e r  mus i ca l  

d i me n s i o n s  to  met er  p e r c e p t i o n .  T h i r d ,  t h i s  approach  

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

m e t r i c  and m e l o d i c  d i me n s i o n s  o f  mus i c  ar e  p e r c e i v e d  

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

(Pal mer  8. Krumhansl  , 1987a* b ) .  I f  t h i s  i s  t he  c a s e  we 

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

c o n t a i n s  a l l  t h e  i n f o r m a t i o n  a l i s t e n e r  needs  t o  e x t r a c t  

t h e  m e t r i c  h i e r a r c h y .  To t h e  e x t e n t  t h a t  t h i s  does  not  

happen in o t h e r  e x p e r i me n t a l  p a r a d i g ms ,  we w i l l  have to  

q u e s t i o n  t h e  n o t i o n  of  p e r c e p t u a l  i n de pe nde nc e  o f  meter  and 

m e l o d y .

P e r c e p t i o n  o f  H i e r a r c h i e s

F o l l o w i n g  L a s h l e y ’ s ( 19 5 1 )  d e m o n s t r a t i o n  o f  t he  

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

have come t o  domi nat e  mode l s  o f  r e p r e s e n t a t i o n  o f  t emporal  

s e q u e n c e s  ( e . g .  Simon 8. Sumner,  1968;  P e s t l e ,  1970;  J o n e s ,  

1978;  De ut s c h  8. F e r o e ,  1 9 8 1 ) .  H i e r a r c h i e s  embody both  

o r der  and s t r u c t u r a l  r e l a t i o n s ,  and are  o f t e n  r e p r e s e n t e d  

by t r e e s  or n e s t e d  f o r m u l a s .  The s e t  o f  p o s s i b l e  e v e n t s  in 

a c l a s s  o f  s e q u e n c e s  i s  d e s i g n a t e d  a s  an a l p h a b e t .  Some 

a l p h a b e t s  used i n r e p r e s e n t a t i o n  o f  mus i c  might  be t he  

n o t e s  o f  t h e  c h r o ma t i c  s c a l e ,  major and minor d i a t o n i c  

s c a l e s ,  t r i a d s ,  a r p e g g i o s ,  and so  on.  In a d d i t i o n  to  

a l p h a b e t s  t h e r e  are  o p e r a t o r s ,  whi ch when a p p l i e d  t o  an



e l e me n t  or s u b - s e q u e n c e ,  u i t h  r e f e r e n c e  t o  some a l p h a b e t ,  

y i e l d  a n o t h e r  e l e me n t  or s u b - s e q u e n c e .  F o r mu l a i c  

r e p r e s e n t a t i o n s  o f  s e q u e n c e s  c o n s i s t  o f  n e s t e d  o p e r a t i o n s  

and s p e c i f i c a t i o n s  o f  a l p h a b e t s .  The i d e a  t h a t  mus i c  i s  

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

t h a t  r e c o g n i t i o n  o f  m e l o d i e s  i s  not  a f f e c t e d  by 

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

more d e t a i l e d  l e v e l ,  t h e  c o m p l e x i t y  o f  a f o r mu l a  can 

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

i s  p e r c e i v e d  ( J o n e s ,  Maser 8, Ki d d ,  1 9 7 8 ) .

E v i d e n c e  o f  h i e r a r c h i e s  in t h e  p e r c e p t i o n  o f  t empora l

s e q u e n c e s  comes  f rom P e r k i n s  ( 1 9 7 4 ) ,  uho p l a y e d  l ong  

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

and a s k e d  s u b j e c t s  t o  r e p r o d u c e  t h e  s e r i e s .  R e p r o d u c t i o n s  

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

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

r e s p e c t  t o  t h e  number o f  f o u r - t a p  g r o u p s  in t h e  s e r i e s .  

P e r k i n s  s u g g e s t s  t h a t  e ach  group o f  f o u r  i s  encode d  

h i e r a r c h i c a l  1y but  t h a t  t h e  number o f  groups  o f  f o u r  i s  not  

e n c o d e d .  One uay o f  i n t e r p r e t i n g  t h i s  i s  t h a t  t h e r e  i s  

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

o f  f o u r  i n t o  h i g h e r  l e v e l  g r o u p s .  S i m i l a r l y ,  Pove l  ( 1 9 8 1 )

f ound t h a t  s e q u e n c e s  o f  t o n e s  u h o s e  dur a t  i o n s  s t o o d  in

r a t i o s  s u c h  a s  1 t 1 : 3  u e r e  l e s s  a c c u r a t e l y  r e p r o d u c e d  than  

t h o s e  u i t h  r a t i o s  s uc h  a s  1 : 1 : 1 : 3 .  The l a t t e r  s e q u e n c e  can
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be d i v i d e d  i n t o  s u b - s e q u e n c e s  o f  equal  d u r a t i o n  <1: 1: 1  and

3)  but t h e  f ormer  c a n n o t .  Such d i v i s i o n  c o n s t i t u t e s  a 

b a l a n c e d  h i e r a r c h i c a l  r e p r e s e n t a t i o n ,  and P o v e l * s  r e s u l t s  

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

uhen p o s s i b l e .  Th i s  may h e l p  e x p l a i n  t he  f a c t  t ha t  in 

musi c  1:1 and 2:1 ar e  by f a r  t h e  most  common r a t i o s  be t ue e n  

d u r a t i o n s  o f  a d j a c e n t  n o t e s .  For e xa mpl e ,  t he  r e l a t i v e  

d u r a t i o n s  1,  1 and 2 can be a r r a ng e d  i n t h r e e  r a t i o s ,  tuo  

of  u h i c h  < 2 : 1 : 1  and 1 : 1 : 2 )  are  b a l a n c e d  in t he  s e n s e  

d e s c r i b e d  a b o v e .  But as  t h e  number o f  d i f f e r e n t  r e l a t i v e  

d u r a t i o n s  g r o u s ,  t h e  number o f  b a l a n c e d  r a t i o s  t ha t  can be 

found i n a s e q u e n c e  o f  a g i v e n  l e n g t h  becomes  

p r o p o r t i o n a l l y  s m a l l e r .  By u s i n g  a smal l  number of  

r e l a t i v e  d u r a t i o n s  s t a n d i n g  in s mal l  r a t i o s  t o  one a n o t h e r ,  

a p i e c e  o f  mus i c  f a c i l i t a t e s  i t s  r e p r e s e n t a t i o n  in terms of  

b a l a n c e d  t r e e s .

In a d d i t i o n  t o  b e i n g  more a c c u r a t e l y  r e p r o d u c e d ,  t h e r e  

i s  e v i d e n c e  t h a t  s e q u e n c e s  t h a t  can be r e p r e s e n t e d  

h i e r a r c h i c a l l y  a r e  more e a s i l y  l e a r n e d  and b e t t e r  

remembered.  For e xampl e ,  Deut sch  <1980)  found t ha t  

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

m e l o d i e s  u e r e  h i e r a r c h i c  than uhen t h e y  uer e  n o t .

L i k e u i s e ,  R e s t l e  <1972)  found t h a t  s e r i a l  p a t t e r n s  of  

l i g h t s  u e r e  more q u i c k l y  l e a r n e d  uhen t h e y  ue re  t e mp o r a l l y  

segment ed i n a uay t h a t  compl ement ed t h e i r  s e r i a l
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s t r u c t u r e .  S t u r g e s  and Mar t i n  ( 1 9 7 4 )  had s i m i l a r  r e s u l t s  

u s i n g  s h o r t  b i n a r y  p a t t e r n s .  Simon 8. Ko t o v s k y  ( 1 9 6 3 )  found  

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

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

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

Ot her  e v i d e n c e  f o r  h i e r a r c h i c  r e p r e s e n t a t i o n  comes  from 

s t u d i e s  o f  c l i c k  l o c a l i z a t i o n .  I t  has  been shoun t h a t  a 

c l i c k  s u p e r i m p o s e d  on a s poke n  s e n t e n c e  t e n d s  t o  m i g r a t e  

p e r c e p t u a l l y  t oward t h e  n e a r e s t  s y n t a c t i c  b r e a k .  T h i s  has  

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

o f  l i n g u i s t i c  u n i t s  ( Fodor  8. B e v e r ,  1 9 6 5 ) ,  t h o ug h  t he  

phenomenon can be a c c o u n t e d  f o r  a t  l e a s t  a s  w e l l  by an 

a t t e n t i o n a l  h y p o t h e s i s  (Reber  8. An d e r s o n ,  1970}  Rebe r ,  

1 9 7 3 ) .  A c c e p t i n g  t h e  l i n g u i s t i c  i n t e r p r e t a t i o n , Gregory  

( 1 9 7 8 )  i n v e s t i g a t e d  t h e  i n t u i t i o n  t h a t  what h o l d s  f o r  

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

as  w e l l .  I f  t h e  c l i c k  m i g r a t i o n  o b s e r v e d  in t h e  l i n g u i s t i c  

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

same phenomenon i n t h e  mu s i c a l  domain woul d be e v i d e n c e  f o r  

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

G r e g o r y ' s  r e s u l t s  on t h e  wh o l e  s u p p o r t  h i s  h y p o t h e s i s ,  and 

S t o f f e r  ( 1 9 8 5 )  has  r e p l i c a t e d  and e x t e n d e d  G r e g o r y ' s  

r e s u l t s .

De u t s c h  8« F e r o e  ( 1 9 8 1 )  p o i n t  out  t h a t  h i e r a r c h i c a l  1y 

s t r u c t u r e d  s t i m u l i  can be e n c o d e d  more p a r s i m o n i o u s l y  than
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n o n - h i e r a r c h i c  s e q u e n c e s .  U h i l e  t h i s  economy v a r i e s  from 

one scheme of  a l p h a b e t - b a s e d  c o d i n g  to  a n o t h e r ,  t he  f a c t  

remai ns  t h a t  t he  more r e g u l a r  a s e que nc e  i s ,  t he  more 

c o n c i s e l y  i t  can be enc oded .  The i mport ant  q u e s t i o n  i s  

whet her  the  a l p h a b e t s  and o p e r a t o r s  used by a p a r t i c u l a r  

co d i ng  scheme can be p l a u s i b l y  a t t r i b u t e d  t o  a human 

1 i s t e n e r .

Mart i n ( 1972)  d e s c r i b e s  a d i f f e r e n t  a d v a n t a g e  f o r  

h i e r a r c h i c  r e p r e s e n t a t i o n s . I f  i mport ant  mus i ca l  e v e n t s  

t end to  c o i n c i d e  u i t h  s t r o n g  b e a t s  in the  m e t r i c  h i e r a r c h y ,  

t hen a mental  r e p r e s e n t a t i o n  o f  t he  me t r i c  h i e r a r c h y  w i l l  

a l l o w  t he  l i s t e n e r  to  p r e d i c t  t he  o c c u r r e n c e  o f  such e v e n t s  

in t i me .  These  p r e d i c t i o n s  may a l l o w  t he  l i s t e n e r  to 

a l l o c a t e  a t t e n t i o n  more e f f i c i e n t l y  in the  i n t e r i m s ,  much 

a s  a f i x e d  i n t e r v a l  r e i n f o r  cement  s c h e d u l e  a l l o w s  a pi geon  

t o  a l l o c a t e  pecks  more e f f i c i e n t l y .

Lerdahl  & J a c k e n d o f f ’ s G e n e r a t i v e  Theory

Ma r t i n ’ s o b s e r v a t i o n  i s  one o f  the  i m p l i c i t  

c o r n e r s t o n e s  o f  Lerdahl  8< J a c k e n d o f f ’ s ( 1983)  A Ge n e r a t i v e  

Theory o f  Tonal  Music ( h e n c e f o r t h  6TTM), in whi ch i t  i s  

assumed t h a t  our p e r c e p t u a l  p r o c e s s e s  s t r i v e  t o  produce  an 

i n t e r p r e t a t i o n  i n whi ch p a r a l l e l  s t r u c t u r e s  ( e . g .  me l odi c  

and rhyt hmi c  s t r u c t u r e s )  complement  each o t h e r  as  much as  

p o s s i b l e .  GTTM a t t e m p t s  t o  f o r m a l i z e  the  i n t u i t i o n s  o f  a 

human l i s t e n e r  r e g a r d i n g  c l a s s i c a l  Ue s t e r n  t onal  mus i c .
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The t h e o r y  do e s  t h i s  by means o f  f o u r  s t a g e s  o f  a n a l y s i s ,  

each embodi ed in t uo  s e t s  o f  r u l e s .  Del 1- f o r m e d n e s s  r u l e s  

a r e  a n a l o g o u s  t o  grammat i ca l  r u l e s ,  in t h a t  t h e y  s p e c i f y  

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

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

One o f  Ler dahl  8. J a c k e n d o f f * s  key i n n o v a t i o n s  i n GTTM 

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

h i e r a r c h i c  c o mpo ne nt s :  m e t r i c  s t r u c t u r e  and g r o u p i n g  

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

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

c o nf orms  t o  t r a d i t i o n a l  i n t u i t i o n s  about  meter  and a c c e n t .  

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

i n t u i t i o n s  about  mu s i c a l  p h r a s e s .  Groupi ng and m e t r i c  

a n a l y s i s  a r e  l a r g e l y  i n d e p e n d e n t ,  and each can ,  t o  a l a r g e  

e x t e n t ,  be c a r r i e d  out  u i t h o u t  t h e  o t h e r .  In e v e r y d a y  

u s a g e ,  "rhythm" s o me t i me s  r e f e r s  t o  t h e  s e q u e n c e  o f  n o t e  

d u r a t i o n s  in a p i e c e  o f  m u s i c ,  s o me t i me s  t o  t he  uay t h o s e  

n o t e s  a r e  g r o u p e d ,  o b j e c t i v e l y  or p e r c e p t u a l l y ,  and 

s o me t i me s  t o  m e t e r .  In GTTH, rhythm i s  t he  i n t e r a c t i o n ,  in 

t h e  l i s t e n e r ’ s mi nd,  o f  a l l  o f  t h e s e  a s p e c t s  o f  a p i e c e  o f  

m u s i c .  Th i s  more compl ex  n o t i o n  o f  rhythm i s  p o s s i b l e  o n l y  

uhen t h e  g r o u p i n g / m e t e r  d i s t i n c t i o n  i s  made.

Gr o u p i n g ,  i n GTTM, i s  t h e  d i v i s i o n  o f  a mu s i c a l  

p a s s a g e  i n t o  m o t i v e s ,  t h e me s ,  p h r a s e s ,  and t h e  l i k e ,  up to 

and i n c l u d i n g  t h e  p i e c e  i t s e l f .  Groupi ng  u e l 1- f o r m e d n e s s
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r u l e s  s a y ,  f o r  e xampl e ,  t ha t  a group may be p a r t i t i o n e d  

( e x h a u s t i v e l y )  i n t o  s ubg r o ups ,  wi t h  each subgroup be i ng  

wh o l l y  c o n t a i n e d  by t h e  l a r g e r  gr oup .  Grouping p r e f e r e n c e  

r u l e s  p r e s c r i b e  where t o  f i n d  group b o u n d a r i e s .  For 

exampl e ,  f o r  any foui— not e  s e q u e n c e ,  a boundary w i l l  be 

found between t h e  mi ddl e  two n o t e s  i f  t he  d i f f e r e n c e  

between t h o s e  n o t e s  i s  l a r g e r  wi t h  r e s p e c t  to s c a l e  

d i s t a n c e ,  l o u d n e s s ,  a r t i c u l a t i o n  or d u r a t i o n  than the  

d i f f e r e n c e s  be t ween t he  f i r s t  two and the  l a s t  two n o t e s .

The m e t r i c  h i e r a r c h y  i s  l a r g e l y  i ndependent  o f  the  

groupi ng  h i e r a r c h y ,  and i t s  s t r u c t u r e  i s  c o n s t r a i n e d  by 

m e t r i c  w e l l - f o r m e d n e s s  r u l e s ,  whi ch r e q u i r e ,  f o r  exampl e ,  

t ha t  e v e r y  n o t e  o n s e t  must be r e p r e s e n t e d  by a beat  at  the  

s m a l l e s t  m e t r i c  l e v e l  and,  c o n v e r s e l y ,  t h a t  every  beat  at  a 

g i v e n  l e v e l  must a l s o  be a beat  a t  a l l  s m a l l e r  l e v e l s .  The 

m e t r i c  p r e f e r e n c e  r u l e s  p r e s c r i b e  how to d e c i d e  among 

a l t e r n a t i v e  w e l l - f o r m e d  h i e r a r c h i e s .  The most  b a s i c  of  

t h e s e  r u l e s  g i v e s  p r e f e r e n c e  to a m e t r i c  h i e r a r c h y  in which  

s t r o n g  b e a t s  ( i . e .  b e a t s  at  h i g h e r  m e t r i c  l e v e l s )  c o i n c i d e  

wi t h s t r e s s e d  n o t e s .

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

s p e c i f y i n g  whi ch l e v e l ( s )  o f  t he  h i e r a r c h y  c o r r e s p o n d ( s)  to 

a l i s t e n e r ' s  p e r c e p t i o n .  GTT11's meter  r u l e s  a l l o w  the  

a n a l y s t  t o  c o n s t r u c t  a h i e r a r c h y  wi t h  an i n d e f i n i t e  number 

o f  m e t r i c  l e v e l s ,  from t he  s h o r t e s t  n o t e  d u r a t i o n  to  spans



o f  many m e a s u r e s .  U h i l e  i t  seems  u n l i k e l y  t h a t  a l l  t h e s e  

l e v e l s  a r e  s i m u l t a n e o u s l y  p r e s e n t  and e q u a l l y  s a l i e n t  in 

t h e  a v e r a g e  l i s t e n e r ' s  e x p e r i e n c e ,  i t  i s  not  c l e a r  how to  

d e t e r mi n e  whi ch l e v e l s  a r e  most  i m p o r t a n t . For one t h i n g ,  

i n d i v i d u a l  d i f f e r e n c e s  a r e  l i k e l y  t o  conf ound any g e n e r a l  

s o l u t i o n .  A m u s i c a l l y  t r a i n e d  l i s t e n e r  may hear  more 

m e t r i c  l e v e l s  s i m u l t a n e o u s l y  than a n a i v e  1 i s t e n e r , ,and t he  

demands o f  t h e  s i t u a t i o n  ( e . g .  d a n c i n g  v s .  c o n d u c t i n g )  may 

a l s o  i n f l u e n c e  t h e  l i s t e n e r ' s  m e t r i c  e x p e r i e n c e .  In 

a d d i t i o n ,  tempo i s  c e r t a i n  t o  be an i mpor t ant  f a c t o r :  as  a 

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

l e v e l s  c o r r e s p o n d i n g  t o  l a r g e r  n o t e  v a l u e s )  become more 

a p p a r e n t .  Lerdahl  and J a c k e n d o f f  have c a p t u r e d  t h i s  

i n t u i t i o n  in t h e i r  d e s c r i p t i o n  o f  t h e  t a c t u s ,  or most  

s a l i e n t  m e t r i c  l e v e l ,  as  t h a t  l e v e l  a t  whi ch b e a t s  p a s s  by 

n e i t h e r  t oo  q u i c k l y  nor t o o  s l o w l y .

Model s  of  Rhythm P e r c e p t i o n

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

t h e  mental  r e p r e s e n t a t i o n s  t h a t  r e s u l t  from t he  p e r c e p t i o n  

o f  mu s i c .  The p e r c e p t u a l  and c o g n i t i v e  p r o c e s s e s  i n v o l v e d  

i n  g e n e r a t i n g  t h e s e  r e p r e s e n t a t i o n s  a r e ,  f o r  t h e  most  p a r t ,  

beyond t h e  s c o p e  o f  GTTM. A number o f  wo r ker s  have  begun 

t a k i n g  a p s y c h o l o g i c a l  approac h  t o  GTTM. D e l i e g e  ( 1987)  

has c o n d u c t e d  e x p e r i m e n t s  t o  d e t e r m i n e  whe t her  GTTM's 

g r o u p i n g  r u l e s  a r e  r e a s o n a b l e  r e p r e s e n t a t i o n s  o f  human



13

p e r c e p t i o n  o f  g r o u p i n g .  Her uork seems  t o  s u p p o r t  GTTM. 

Tenney 8< P o l a n s k y  ( 1 9 7 8 ,  1980)  have  w r i t t e n  a s i m u l a t i o n  

b a s e d  on a s e t  o f  t e mpor a l  g e s t a l t  r u l e s  t h a t  a r e  s i m i l a r  

i n  s p i r i t  t o  GTTM*s g r o u p i n g  r u l e s .  A we a k n e s s  o f  t h i s  

program i s  t h a t  i t s  many p a r a m e t e r s  a p p a r e n t l y  must  be 

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

A r e c e n t  model  by R o s e n t h a l  ( 1 9 8 9 )  i s  e x p l i c i t l y  bas ed  

on t h e  g r o u p i n g  r u l e s  o f  GTTM. I nput  i s  d u r a t i o n - o n l y  but  

i n c l u d e s  bar l i n e s ,  and t h e  program moves  i n  one p a s s  

t hr o ug h  t h e  s c o r e .  Groupi ng  r u l e s  a r e  used t o  i d e n t i f y  

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

be t we e n  c o m p e t i n g  c a n d i d a t e s .  As gr oups  o f  n o t e s  a r e  

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

gr ouped i n a h i e r a r c h y  o f  g r o u p s .  B e c a u s e  g r o u p s  ( a t  any  

l e v e l )  a r e  not  n e c e s s a r i l y  t h e  same s i z e ,  t h e  mapping  

be t we en  t h e  h i e r a r c h y  o f  g r o u p s  and t h e  m e t r i c  h i e r a r c h y  

( whi ch  i s  not  p r o duc e d  by R o s e n t h a l ’ s program)  i s  not  

a l w a y s  p e r f e c t .  On t h e  o t h e r  hand,  i n GTTM g r o u p i n g  i s  a 

f u n c t i o n  not  o n l y  o f  d u r a t i o n  but  o f  p i t c h  as  w e l l .  

C o n s i d e r i n g  t h a t  R o s e n t h a l ’ s g r o u p s  a r e  d e t e r m i n e d  o n l y  by 

t h o s e  g r o u p i n g  r u l e s  t h a t  de a l  w i t h  d u r a t i o n ,  i t  i s  not  

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

c o r r e s p o n d s  t o  in human e x p e r i e n c e .

Ot her  mo d e l s  have  t a k e n  d i f f e r e n t  a p p r o a c h e s .  S i mon’ s 

( 1 9 6 8 )  m u l t i - p a s s  LISTENER program g r oups  t h e  n o t e
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d u r a t i o n s  i t  u s e s  as  i nput  i n t o  n o t e  groups  of. equal  

d u r a t i o n .  From t h i s  i t  i d e n t i f i e s  r e p e a t i n g  p h r a s e s  t hat  

may span s e v e r a l  me a s u r e s .  LISTENER does  not d i s t i n g u i s h  

bet ween meter  and rhythm,  and cannot  deal  wi t h  i n i t i a l  

u p b e a t s  or s y n c o p a t i o n .  Mont-Reynaud & G o l d s t e i n  ( 1985)  

have d e v e l o p e d  more s o p h i s t i c a t e d  a l g o r i t h m s  t ha t  

r e c u r s i v e l y  d i s c o v e r  p a t t e r n s  t h a t  occur  more t han once  in 

a s e q u e n c e .  They have a l s o  d e v e l o p e d  a method f o r  

i d e n t i f y i n g  two r hyt hmi c  p a t t e r n s  as  hav i ng  a common 

a n c e s t o r ,  i . e .  b e i n g  d e r i v a b l e ,  v i a  a c o n t e x t - f r e e  grammar,  

from t he  same b a s i c  rhythm.  L o n g u e t - H i g g i n s  8. Steedman  

( 1971)  d e v e l o p e d  a n o t e - b y - n o t e  p a r s e r  t ha t  a d o p t s  t he  

f i r s t  n o t e  v a l u e  as  t h e  b a s i c  m e t r i c  u n i t  and a d j u s t s  i t  

based on s u b s e q u e n t  n o t e  v a l u e s .  Among o t h e r  t h i n g s ,  the  

p a r s e r  cannot  ha n d l e  p a s s a g e s  o f  n o t e s  o f  equal  d u r a t i o n .

A l a t e r  program by Steedman ( 1 9 7 7 ) ,  u s i n g  the  out put  of  the  

L o n g u e t - H i g g i n s  8. Steedman program,  makes a s econd pas s  

t hrough t he  s c o r e ,  c o n s i d e r i n g  not  on l y  no t e  v a l u e s  but  

me l o d i c  r e p e t i t i o n  as  w e l l ,  a s s umi ng  ( as  do Simon ( 1968)  

and Col l a r d ,  Vos 8. Leeuwenberg ( 1 9 8 1 ) )  t ha t  s i z e  and 

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

m e t r i c  s t r u c t u r e .

A program by L o n g u e t - H i g g i n s  8. Lee ( 1982)  r e t u r n s  to  a 

t i m e - o n l y  o r i e n t a t i o n  as  w e l l  as  a n o t e - b y - n o t e  a p p r o a c h .  

The program t a k e s  a l i s t  o f  n o t e  v a l u e s  ( o n s e t  t o  o n s e t )  as
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i n p u t ,  and u s e s  f o u r  p r o d u c t i o n  r u l e s  ( d e s c r i b e d  i n d e t a i l  

b e l o u )  t o  g e n e r a t e  a m e t r i c  u n i t  and t h e  l o c a t i o n  o f  bar  

l i n e s  a s  o u t p u t .  T h i s  program i s  a major  i mprovement  ove r  

e a r l i e r  progr ams  ( me n t i o n e d  a b o v e )  i n t h a t  i t  h a n d l e s  

s y n c o p a t i o r  and i n i t i a l  u p b e a t s  and p r o d u c e s  a more 

d e t a i l e d  r r e s e n t a t i o n  o f  m e t e r .  However ,  s i n c e  i t  

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

one wh o l e  r o t e  and t he n  s t o p s ,  i t  c a n n o t  d e t e c t  c h a n g e s  in 

me t e r  i n t h e  m i d d l e  o f  a p i e c e ,  nor do e s  i t  pr o d u c e  an 

a n a l y s i s  o f  t h e  wh o l e  p i e c e .

Gri d t h e o r y  ( P o v e l , 1984)  i s  a v e r y  d i f f e r e n t  appr oac h  

t o  me t e r  e x t r a c t i o n .  I nput  i s  d u r a t i o n - o n l y ,  but  t he  

program has  a c c e s s  t o  a l l  t h e  i n p u t  t h r o u g h o u t  i t s  

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

met ronome.  The g o a l  i s  t o  f i n d  t h e  metronome r a t e  and t he  

p l a c e me n t  o f  t i c k s  ( p h a s e )  t h a t  b e s t  f i t  t h e  m u s i c .  In 

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

w i t h  n o t e s  ( p a r t i c u l a r l y  a c c e n t e d  n o t e s )  and do not  f a l l  in 

empty i n t e r v a l s .  Pove l  has  w r i t t e n  a computer  s i m u l a t i o n  

b as e d  on a s e t  o f  r u l e s  t h a t  q u a n t i f y  t h e  f i t  o f  v a r i o u s  

p o s s i b l e  g r i d s  ( P o v e l  & E s s e n s ,  1 9 8 5 ) .  A s h o r t c o m i n g  of  

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

b e s t - f i t t i n g  m e t r i c  u n i t  and t h e r e f o r e  cannot  d e t e c t  a 

met er  c h a n g e .
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Each of  t h e  above  model s  produces  as  i t s  out put  some 

a s p e c t  of  a p i e c e ' s  meter  or rhythm.  S i mon' s  ( 1968)  

LISTENER and R o s e n t h a l ' s  program i d e n t i f y  rhyt hmi c  groups  

or p h r a s e s .  The programs by L o n g u e t - H i g g i n s ,  Lee ,  and 

Steedman i d e n t i f y  t he  t ime s i g n a t u r e  and p l a c e  bar l i n e s ,  

wi t h  some a d d i t i o n a l  i n f o r m a t i o n  about  the  groupi ng  

s t r u c t u r e  w i t h i n  me a s u r e s .  P o v e l ' s  program i d e n t i f i e s  a 

s i n g l e  ' b e s t '  m e t r i c  u n i t ,  though i t  i s  not  c l e a r  whether  

we are  to  c o n s i d e r  t h i s  u n i t  as  t he  t a c t u s  or some ot her  

a s p e c t  o f  t he  l i s t e n e r ' s  e x p e r i e n c e .  Whi le a l l  o f  t h e s e  

are i n t e r e s t i n g  and i m p r e s s i v e  a c h i e v e me n t s  from a mus i cal  

poi nt  o f  v i e w ,  a l l  have f l a w s  a s  p s y c h o l o g i c a l  mo d e l s .  The 

p s y c h o l o g i c a l  i s s u e s  t h a t  d i s t i n g u i s h  t h e s e  mode l s  from one 

anot he r  and from t h e  model t o  be p r e s e n t e d  here  ar e  the  

f o l l o w i n g :

1) I s  t he  m o d e l ' s  a c c e s s  to  i nput  l i m i t e d  to  a s i n g l e ,

1 e f t - t o - r i g h t  p a s s  t hrough t he  s c o r e ,  or does  i t  e i t h e r  

make s e v e r a l  p a s s e s  or have u n l i m i t e d ,  random a c c e s s  to  the  

s c o r e ?  The f i r s t  approach seems more p s y c h o l o g i c a l l y  

sound than t h e  o t h e r s  b e c a us e  t he  l i m i t e d  c a p a c i t y  of  

worki ng memory c o n s t r a i n s  t he  range  of  p l a u s i b l e  mode l s .

In mus i c ,  t he  l i m i t  i s  about  s i x  e l e me n t s  ( F r a i s s e ,  1982)  

or f i v e  s e c o n d s  ( Dowl i ng & Harwood,  1 9 8 6 ) ,  and the  same 

l i m i t s  appl y  to  v e r ba l  m a t e r i a l  (Turner 8. Poppel  , 1983) .  

D h i l e  i t  may be argued t h a t  t he  human l i s t e n e r  has random
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a c c e s s  to  ment a l  r e p r e s e n t a t i o n s  d e r i v e d  from t h e  s t i m u l u s ,  

i n  t h e  form o f  l o n g - t e r m  memory f o r  heard m u s i c ,  t h i s  i s  

not  t h e  same a s  random (or  r e p e a t e d )  a c c e s s  t o  t h e  s t i m u l u s  

i t s e l f .

2 )  Uhat i n f o r m a t i o n  i s  a v a i l a b l e  i n t he  i n p u t ?  A 

p s y c h o l o g i c a l  model  s h o u l d  not  u s e  i n f o r m a t i o n  t h a t  i s  not  

a v a i l a b l e  t o  a human l i s t e n e r .  R o s e n t h a l ’ s use  o f  bar  

l i n e s  i n h i s  g r o u p i n g  r u l e s  may be an exampl e  o f  t h i s .  Bar 

l i n e s  can o f  c o u r s e  be i n f e r r e d  ( w i t h  1e s s - t h a n - p e r f e c t  

a c c u r a c y )  from m e t r i c  s t r u c t u r e  or from t h e  s p a c i n g  of  

a c c e n t e d  n o t e s  ( u h i c h  may t h e m s e l v e s  be i n f e r r e d  l e s s  than  

p e r f e c t l y  from d u r a t i o n s ) ,  but t h e r e  i s  no i n d i c a t i o n  t h a t  

t h i s  i s  i n f a c t  uhat  R o s e n t h a l ’ s program d o e s .

3 )  Uhat  i s  p r o duc e d  a s  o u t p u t ?  A mo d e l ’ s o u t p u t  s h o u l d  be 

e a s i l y  i n t e r p r e t a b l e  in t e r ms  o f  human e x p e r i e n c e  o f  m u s i c .  

Programs t h a t  p r o d u c e  t i me  s i g n a t u r e s  o r ,  b e t t e r ,  bar  

l i n e s ,  suc h  a s  t h o s e  o f  L o n g u e t - H i g g i n s ,  Lee and S t e e dma n,  

u o u l d  s a t i s f y  t h i s  r e q u i r e m e n t .  LISTENER and R o s e n t h a l ’ s 

program pr oduc e  r e p r e s e n t a t i o n s  t h a t ,  u h i l e  t h e y  may be 

p s y c h o l o g i c a l l y  v a l i d ,  a r e  h a r d e r  t o  compare w i t h  t he  

l i s t e n e r ’ s e x p e r i e n c e .

4)  Can t h e  model  h a n d l e  i n i t i a l  u p b e a t s ,  s y n c o p a t i o n ,  and 

a m b i g u i t y ?  The s e  seem t o  be t h e  h i g h e s t  h u r d l e s  f o r  any  

model  o f  me t er  or  rhythm p e r c e p t i o n .  Grid t h e o r y  i g n o r e s  

t h e s e  i s s u e s ,  u h i l e  L o n g u e t - H i g g i n s  & Lee ( 1 9 8 2 )  have  pa i d
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c l o s e  a t t e n t i o n  t o  t he  f i r s t  t u o .  Lerdahl  & J a c k e n d o f f  

( 1983)  s u g g e s t  t h a t  a m b i g u i t y  can be t hought  of  in terms o f  

c o n f l i c t i n g  u e l l - f o r m e d  h i e r a r c h i e s ,  but no model  

i n c o r p o r a t e s  t h i s  n o t i o n .
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I I .  The BEATS Model

I n t r o d u c t  i on

I have  d e v e l o p e d  a new m o d e l ,  known a s  BEATS, a s  an 

a t t e m p t  t o  remedy some o f  t h e  f l a w s  o f  o t h e r  mo d e l s  u h i l e  

t a k i n g  more s e r i o u s l y  p s y c h o l o g i c a l  c o n s t r a i n t s  on i n p u t  

and p r o c e s s i n g .  BEATS’ a c c e s s  t o  i n p u t  i s  l i m i t e d  t o  a 

s i n g l e ,  1e f t - t o - r i g h t  p a s s  t h r o u g h  t h e  s c o r e ,  w i t h  l i m i t e d  

’ me mo r y . ’ I n p u t  t o  t h e  model  i s  a s e q u e n c e  o f  d u r a t i o n s ,  

w i t h o u t  any o f  t h e  o t h e r  i n f o r m a t i o n  t h a t  woul d be 

a v a i l a b l e  t o  a l i s t e n e r  ( e . g .  m e l o d y ,  harmony,  a c c e n t )  or  

t o  a r e a d e r  o f  t h e  s c o r e  ( e . g .  bar l i n e s  or t i me  

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

i n  Le r da h l  8. J a c k e n d o f f ’ s dot  n o t a t i o n .  BEATS can  

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

s y n c o p a t  i o n .

BEATS was d e v e l o p e d  a s  a component  o f  a l a r g e r ,  o n g o i n g  

e f f o r t  t o  i mpl e me nt  GTTM a s  a c o mput e r  s i m u l a t i o n  

( S c a r b o r o u g h ,  J o n e s  & M i l l e r ,  1 9 8 9 ) ,  but  a s  a s t a n d - a l o n e  

model  o f  me t e r  e x t r a c t i o n  i t  i s  r o u g h l y  c o mp a r a b l e  i n s c o p e  

t o  t h e  m o d e l s  d e s c r i b e d  a b o v e .  BEATS draws  most  h e a v i l y  on 

t h e  p r o d u c t i o n  r u l e s  d e v e l o p e d  by L o n g u e t - H i g g i n s  & Lee  

( 1 9 8 2 ) ,  u s i n g  them t o  g e n e r a t e  c a n d i d a t e  l e v e l s  i n t he  

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

e xpanded t o  p r o v i d e  t h r e e  t h i n g s :  a way t o  g e n e r a t e  t he

e n t i r e  h i e r a r c h y ;  c r i t e r i a  f o r  e x c l u d i n g  l e v e l s  g e n e r a t e d
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by t he  r u l e s  but  not  a c c e p t a b l e  in t h e  c o n t e x t  o f  GTTM; and 

a means o f  g e n e r a t i n g  t h o s e  l e v e l s  not  g e n e r a t e d  by 

L o n g u e t - H i g g i n s  & L e e ’ s r u l e s  but  r e q u i r e d  by t h e  w e l l -  

f o r me d n e s s  r u l e s  o f  GTTM. A c o m p l e t e  d e s c r i p t i o n  o f  BEATS’ 

p r o d u c t i o n  r u l e s  i s  f ound in Appendi x  A.

There i s  a much l o o s e r  c o n n e c t i o n  bet ween BEATS and 

P o v e l ’ s ( 1 9 8 4 )  g r i d  t h e o r y ,  in t h a t  both t r e a t  meter  

e x t r a c t i o n  a s  a m a t t e r  o f  a s s e s s i n g  t h e  f i t  be t wee n  a 

m e t r i c  l e v e l ,  or g r i d ,  and a s e q u e n c e  o f  d u r a t i o n s ,  but  

her e  a l l  s i m i l a r i t i e s  end.  D i f f e r e n t  means o f  a s s e s s i n g  

f i t  are  used in t h e  two a p p r o a c h e s ,  and Povel  i s  not  

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

how c a n d i d a t e  g r i d s  a r e  n o mi n a t e d .  Uhe r eas  P o v e l ’ s program 

s e l e c t s ,  out  o f  a l a r g e  s e t ,  a s i n g l e  b e s t - f i t t i n g  g r i d ,  

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

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

r u l e s .  Th i s  must  be done a s  t h e  program " l i s t e n s "  t o  t he  

s c o r e  r a t h e r  t han by p r o c e s s i n g  t h e  e n t i r e  s c o r e  a t  o n c e ,  

as  P o v e l ’ s a l g o r i t h m  d o e s .

B a s i c  O p e r a t i o n s

In o v e r v i e w ,  BEATS has  t h r e e  t y p e s  o f  p r o c e s s e s :  1)

Bot t om- up p r o c e s s e s  t h a t  n o t e  t i me  i n t e r v a l s  be t ween  

s u c c e s s i v e  n o t e  o n s e t s  as  t h e y  o c c u r ;  2)  Top-down p r o c e s s e s  

t h a t  t a k e  t h e s e  i n t e r v a l s  and c o m b i n a t i o n s  t h e r e o f  and use  

them t o  p r e d i c t  t h e  t i me  o f  f u t u r e  e v e n t s ,  wi t h  d i f f e r e n t
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P r o c e s s e s  t h a t  e v a l u a t e  t h e  v a r i o u s  p r e d i c t e d  m e t r i c  u n i t s  

or " g r i d s "  f o r  c o n s i s t e n c y  u i t h  a u e l 1 - s t r u c t u r e d  h i e r a r c h y  

as  s p e c i f i e d  by GTTM.

F i g u r e  0 . 1  shows BEATS' a n a l y s i s  o f  t he  b e g i n n i n g  of  

Mo z a r t ' s  Symphony no.  40 ( f i r s t  v i o l i n  p a r t ) .  I t  i s  

comparabl e  t o  GTTM's a n a l y s i s  ( Lerdahl  & J a c k e n d o f f ,  1983,  

p. 2 3 ) ,  u i t h  two d i f f e r e n c e s .  F i r s t ,  f o r  r e a s o n s  to  be 

d e s c r i b e d ,  t h e  a n a l y s i s  does  not  i n c l u d e  the  l a r g e r  m e t r i c  

l e v e l s .  S e c o n d ,  none o f  t he  m e t r i c  l e v e l s  in BEATS' 

a n a l y s i s  b e g i n s  on t h e  f i r s t  n o t e  o f  the  symphony,  b e c a us e  

a l i s t e n e r  must  hear  a f e u  n o t e s  b e f o r e  any m e t r i c  

s t r u c t u r e  e me r g e s .  Once BEATS has i d e n t i f i e d  m e t r i c  

l e v e l s ,  i t  g e n e r a t e s  e x p e c t a t i o n s  a t  each l e v e l ,  l i k e  a 

l i s t e n e r  who has  "got  t h e  b e a t . "  G e t t i n g  t he  b e a t ,  

h o u e v e r ,  t a k e s  some t i m e .  Once t h i s  i s  done ,  BEATS 

g e n e r a t e s  a m e t r i c  s t r u c t u r e  t h a t  conf orms  to t he  GTTM 

u e 11- f o r m e d n e s s  r u l e s :  t h e r e  i s  a dot  at  e v e r y  n o t e  o n s e t  

( r u l e  1 ) ;  i f  t h e r e  i s  a dot  a t  a g i v e n  l e v e l  t h e r e  i s  a l s o

a dot  at  t he  nex t  l o u e r  ( s h o r t e r  d u r a t i o n )  l e v e l  ( r u l e  2 ) ;

d o t s  at  each l e v e l  group d o t s  a t  t he  i mme d i a t e l y  l ower

l e v e l  e i t h e r  by t u o s  or by t h r e e s  ( r u l e  3 ) ;  t emporal

i n t e r v a l s  be t we en  d o t s  a t  any l e v e l  are  un i f or m ( r u l e  4 ) .  

Note a l s o  t h a t  s t r o n g  b e a t s  ( t h o s e  wi t h  d o t s  at  h i g h e r  

l e v e l s )  c o i n c i d e  wi t h  o n s e t s  o f  l o n g e r  n o t e s .  Th i s  a g r e e s
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u i t h  Mo z a r t ’ s bar l i n e s  and u i t h  p r e f e r e n c e  r u l e s  4 

( s t r e s s e d  n o t e s  s h o u l d  c o i n c i d e  u i t h  s t r o n g  b e a t s )  and 5 

( u he ne v e r  p o s s i b l e *  s t r o n g  b e a t s  s h o u l d  c o i n c i d e  u i t h ,  

e . g . ,  l o n g e r  n o t e s ) .

A c e n t r a l  f e a t u r e  o f  BEATS i s  t h e  t i me  f r a me ,  a s e t  of  

t h r e e  e q u a l l y - s p a c e d  t i m e s :  T l ,  T2 and T3.  Uhen a n a l y s i s  

b e g i n s ,  BEATS a n c h o r s  t h e  t i me  f rame at  t he  o n s e t  o f  t he  

f i r s t  n o t e  by p u t t i n g  Tl t h e r e .  Uhen i t  r e a c h e s  t he  

b e g i n n i n g  o f  t h e  s e c o n d  n o t e ,  i t  p l a c e s  T2 t h e r e .  BEATS 

h y p o t h e s i z e s  t h a t  t h e  i n t e r v a l  d e f i n e d  by Tl and T2 ( t h e  

frame i n t e r v a l )  i s  a s i g n i f i c a n t  m e t r i c  u n i t  in t h e  mu s i c .  

Thi s  h y p o t h e s i s  p r e d i c t s  t h a t  a n o t h e r  o n s e t  u i l l  o c c ur  one  

frame i n t e r v a l  f u r t h e r  on,  so  BEATS p r o j e c t s  T3 one frame  

i n t e r v a l  i n t o  t h e  f u t u r e ,  i . e .  a t  T3 = T2 + f rame i n t e r v a l .  

The h y p o t h e s i s  i s  made e x p l i c i t  i n  BEATS in a metronome,  a 

p r o c e s s  u h i c h  ’ t i c k s ’ at  r e g u l a r  i n t e r v a l s  t o  g e n e r a t e  a 

l e v e l  in t h e  m e t r i c  h i e r a r c h y .  A f t e r  t he  f i r s t  n o t e  t he  

frame i n t e r v a l  i s  an J’ , so a metronome u i t h  a p e r i o d  of  an 

i s  made.  Uhen t h i s  metronome t i c k s ,  i t  p l a c e s  a dot  in 

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

a g a i n  one p e r i o d  l a t e r .
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Figure 0.1 BEATS' analysis of Mozart's Symphony no. 40 (beginning).

BEATS i s  c o nc e r ne d  u i t h  both mus i c a l  e v e n t s ,  i . e .  

not e  o n s e t s ,  and m e t r i c  e v e n t s ,  i . e .  metronome t i c k s ,  which  

p r e d i c t  n o t e  o n s e t s .  A c c o r d i n g l y ,  uhen BEATS has compl e ted  

i t s  p r o c e s s i n g  a t  a g i v e n  p o i n t ,  i t  moves on t o  t he  n e a r e s t  

e v e n t ,  whet her  n o t e  o ns e t  or metronome t i c k .  In t he  

p r e s e n t  c a s e ,  t h e  d i s t a n c e  to  t he  s o l e  metronome’ s next  

t i c k  i s  t h e  same as  the  d i s t a n c e  to  t h e  next  no t e  onse t  

( n o t e  3 ) ,  so  BEATS moves to  t h i s  l o c a t i o n .

Ge n e r a t i n g  Large r  L e v e l s

BEATS f i n d s  T3 at  t he  neu l o c a t i o n ,  s u p p o r t i n g  the  

h y p o t h e s i s  t h a t  t he  J* i s  a m e t r i c  u n i t .  On t he  s t r e n g t h  o f  

t h i s ,  BEATS h y p o t h e s i z e s  a h i g h e r - l e v e l  t emporal  groupi ng  

at  doubl e  t h e  m e t r i c  un i t  j u s t  c o n f i r me d .  There are  two 

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

g e n e r a t e  t h e  next  h i g h e r  l e v e l .  F i r s t ,  r a t i o s  o f  two are  

more common. S e c o n d ,  two i s  t he  most  common groupi ng  in 

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

( F r a i s s e ,  1 9 8 2 ) ,  and in s p o n t a n e o u s  t a p p i n g  ( F r a i s s e ,  

1 9 4 7 - 1 9 4 8 ) .  The Double  r u l e  h o l d s  Tl  f i x e d  and moves T2 to  

where T3 i s ,  t hus  d o u b l i n g  t he  frame i n t e r v a l ,  and p r o j e c t s
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T3 t o  a neu l o c a t i o n  one frame i n t e r v a l  beyond T2.  The neu 

frame i n t t e r v a l  g e n e r a t e s  a neu metronome u h i c h  t i c k s  at  J 

i n t e r v a l s .  There  a r e  nou t uo  met r onomes ,  u i t h  d i f f e r e n t  

p e r i o d s .  BEATS e x a mi n e s  each i n t urn to  s e e  i f  i t  i s  due 

t o  t i c k  at  t h e  c u r r e n t  l o c a t i o n .  In t he  e x a mpl e ,  both  

metronomes  a r e  due t o  t i c k  at  t h e  c u r r e n t  l o c a t i o n  ( t h e  

t h i r d  n o t e  o n s e t ) ,  so nou t h e  m e t r i c  h i e r a r c h y  c o n t a i n s  tuo  

d o t s  a t  t h e  J' l e v e l  and one a t  t h e  J l e v e l .

The d i s t a n c e  t o  t h e  next  n o t e  o n s e t  ( n o t e  4)  i s  a J , 

u h i l e  t he  nex t  t i c k ,  u h i c h  u i l l  be t h a t  o f  t he  J* metronome,  

i s  o n l y  an J' a u a y .  A c c o r d i n g l y ,  BEATS' next  l o c a t i o n  i s  

h a l f u a y  b e t u e e n  t h e  o n s e t s  of  n o t e s  3 and 4 .  BEATS 

exami nes  each metronome and f i n d s  t h a t  o n l y  t h e  J' metronome  

i s  s e t  t o  t i c k  h e r e .

R e c o g n i z i n g  Up b e a t s

T3 o c c u r s  a t  t h e  o n s e t  o f  t h e  f o u r t h  n o t e ,  so  ue might  

e x p e c t  BEATS a g a i n  t o  Doubl e  t h e  frame i n t e r v a l  and c r e a t e  

a neu metronome.  Ho ue v e r ,  s o me t h i n g  more i mp o r t a n t  has  

happened t h a t  t r i g g e r s  a neu r u l e .  At t h e  o n s e t  of  n o t e  4,  

BEATS f i n a l l y  knous  t h e  d u r a t i o n  o f  n o t e  3 ( J ) ,  and i t  

r e c o g n i z e s  t h a t  t h i s  n o t e  i s  l o n g e r  than any i t  has  heard  

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

m e t r i c  g r o u p i n g s  ( Po v e l  8. E s s e n s ,  1 9 8 5 ) ,  and s i n c e  i t  i s  

s t i l l  e a r l y  in t h e  p i e c e ,  BEATS r e t r o s p e c t i v e l y  i n t e r p r e t s  

t he  f i r s t  t uo  n o t e s  a s  u p b e a t s  t o  t he  t h i r d  n o t e .  (The



scope  o f  t h i s  r e t r o s p e c t i o n ,  a parameter  of  BEATS, i s  f i v e  

n o t e s  ( L o n g u e t - H i g g i n s  8. Le e ,  1 9 8 2 ) ) .  A c c o r d i n g l y ,  the  

Upbeat  r u l e  s h i f t s  t he  t ime frame f or war d ,  anc ho r i ng  i t  so 

t h a t  Tl  i s  at  t h e  o n s e t  of  n o t e  3 ,  and T2 and T3 are  one 

and tuo frame i n t e r v a l s  ( J ) ,  r e s p e c t i v e l y ,  from T l .  The 

frame i n t e r v a l  i s  not  changed,  and no neu metronome i s  

c r e a t e d .  Note  t h a t  t he  d o u b l i n g  t h a t  seemed warrant ed  at  

t h i s  l o c a t i o n  i s  no l o ng e r  p o s s i b l e ,  s i n c e  T3 has been 

p r o j e c t e d  t o  a p o i n t  ue have not  yet  r e a c h e d .  BEATS nou 

exami nes  t he  metronomes  and f i n d s  t ha t  both are  due to  

t i c k .

The o ns e t  o f  n o t e  5 c o r r e s p o n d s  to  the  t i c k  o f  t he  J' 

metronome;  the  J metronome does  not  t i c k  h e r e .  At the  

o ns e t  o f  not e  6 ,  ue have r e a c he d  T3.  Nou the  c o n d i t i o n s  of  

t he  d o u b l i ng  ment i oned above a r e  met .  BEATS t h e r e f o r e  

Doubl es  the  J frame i n t e r v a l  t o  a J , and makes a t h i r d  

metronome,  u i t h  a J p e r i o d .  Be c a us e  o f  the  p r e c e d e n c e  of  

the  Upbeat  r u l e  over  t he  Double r u l e ,  eve r y  s econd t i c k  of  

t h i s  neu metronome u i l l  c o i n c i d e  u i t h  a bar l i n e  in the  

s c o r e .  At n o t e  9  BEATS r e a c h e s  T3 once a g a i n ,  where  

a not he r  d o u b l i n g  y i e l d s  a frame i n t e r v a l  o f  a whol e  not e  

and a f o u r t h  metronome.

BEATS does  not  a l l o w  e n l a r g e me nt  o f  t he  frame i n t e r v a l  

beyond a t emporal  l i m i t  u h i c h  in p r a c t i c e  i s  about  t he  

d u r a t i o n  of  a t y p i c a l  measure  ( e . g .  a whol e  n o t e ) .
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C o n s e q u e n t l y ,  t h e  a n a l y s i s  d o e s  not  i n c l u d e  GTTM*s 

t u o - m e a s u r e ,  f o u r - m e a s u r e  and h i g h e r  m e t r i c  l e v e l s .  The 

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

l e s s  p e r c e p t u a l l y  s a l i e n t  ( t h e y  a r e  f a r  a bove  t h e  t a c t u s ) :  

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

than m e t r i c  u n i t s  ( L o n g u e t - H i g g i n s  8. Le e ,  1 9 8 2 ) .  I n d e e d ,  

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

f o r  v i o l a t i o n  o f  a w e l l - f o r m e d n e s s  r u l e  t h a t  n o r ma l l y  

r e q u i r e s  d o t s  at  a g i v e n  l e v e l  t o  be e q u a l l y  s p a c e d  i n  

t i m e .  Such i n t u i t i o n s  have  not  y e t  been i n c o r p o r a t e d  in 

BEATS.

F i n i s h i n g  t h e  A n a l y s i s

U i t h i n  t h e  l i m i t s  m e n t i o n e d  a b o v e ,  t h e  f o u r  met ronomes  

BEATS has  c r e a t e d  g e n e r a t e  t h e  m e t r i c  h i e r a r c h y  f o r  t h e  

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

S l i d e ,  whi ch  s l i d e s  t h e  t i me  f rame f o r war d  one frame  

i n t e r v a l  whe ne v e r  BEATS r e a c h e s  T3 and no o t h e r  r u l e  

a p p l i e s .  The S l i d e  r u l e  has  t h e  e f f e c t  o f  movi ng t h e  t i me  

f rame t h r o u g h  t h e  p i e c e  i n s uc h  a way t h a t  t h e  p r e s e n t ,

i . e .  t h e  c u r r e n t  l o c a t i o n  o f  BEATS, i s  a l w a y s  w i t h i n  t h e  

f r a me .  The r e a s o n  f o r  d o i n g  t h i s ,  r a t h e r  than me r e l y  

e x t e n d i n g  t h e  e x i s t i n g  m e t r i c  l e v e l s  t hr o ug h  t h e  who l e  

p i e c e ,  i s  t h a t  by c o n t i n u i n g  t o  p r e d i c t  f u t u r e  o n s e t s  on 

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

l i s t e n e r  (and BEATS) may be a b l e  t o  d e t e c t  m e t r i c  c h a n g e s
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by t he  f a i l u r e  o f  t h e  t i me  f r a m e ' s  p r e d i c t i o n .  Uhen a 

m e t r i c  change  o c c u r s ,  t he  t i me  f rame may be r e s e t  at  . t he  

p o i n t  of  c h a n g e .  Th i s  i n t u i t i o n  has  not  ye t  been  

i mpl e me nt e d  i n  BEATS, but u l t i m a t e l y  t h e  probl em of  

r e c o g n i z i n g  met er  change  u i l l  be an i mp o r t a n t  t e s t  o f  any  

model  o f  met er  e x t r a c t i o n .

R e v i s i n g  t h e  Time Frame

The a n a l y s i s  o f  M o z a r t ' s  P i a no  S o n a t a  K. 3 3 1 ,  shoun in 

F i g u r e  0 . 2 ,  i l l u s t r a t e s  a n o t h e r  i mp o r t a n t  o p e r a t i o n .  Uhen 

BEATS g e t s  t o  n o t e  2 i t  p u t s  T2 t h e r e ,  making t h e  frame  

i n t e r v a l  a Jl, and makes a Ji me t ronome .  At t he  o n s e t  of  

n o t e  3 ,  BEATS c r e a t e s  a ^ met ronome,  r e f l e c t i n g  t he  

d u r a t i o n  o f  t h e  s e c o n d  n o t e ,  but  d o e s  not  change  t he  t i me  

f r a me .  B e f o r e  r e a c h i n g  T3,  u h i c h  i s  at  t h e  o n s e t  o f  no t e  

4 ,  BEATS r e a l i z e s  t h a t  n o t e  3 i s  l o n g e r  than t h e  no t e  

b e g i n n i n g  a t  T2,  i . e .  n o t e  2 .  On t h e  a s s u m p t i o n  t ha t  

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

( Vos ,  1977;  Pove l  8. Okkerman,  1 9 8 1 ) ,  t h e  S t r e t c h  r u l e  

e n l a r g e s  t h e  f rame i n t e r v a l  t o  a J by moving T2 t o  t he  

o n s e t  o f  n o t e  3 .  The t i me  f rame r e ma i n s  a n c h o r e d  t o  t he  

o n s e t  o f  n o t e  1.  U n l i k e  t h e  Doubl e  r u l e ,  S t r e t c h  c r e a t e s  a 

neu frame i n t e r v a l  t h a t  i s  i n c o m p a t i b l e  u i t h  t h e  o l d  one .  

T h e r e f o r e  t h e  metronome c o r r e s p o n d i n g  to  t h e  f rame i n t e r v a l  

t h a t  uas  S t r e t c h e d  (j!) i s  e l i m i n a t e d  by t h e  Remove r u l e .

In a d d i t i o n ,  an J* l e v e l  i s  c r e a t e d  t o  f i l l  t h e  gap b e t u e e n
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t he  J and J1 l e v e l s ;  t h i s  i s  d e s c r i b e d  in t h e  next  s e c t i o n .  

I n t u i t i v e l y ,  t h e  purpose  o f  t h e  S t r e t c h  pr o c e dur e  i s  to  

handl e  d o t t e d  n o t e s .  A d o t t e d  n o t e  i s  u s u a l l y  f o l l o u e d  by 

a compl ement ary  n o t e  u h i c h ,  added t o  t h e  d o t t e d  n o t e ,  

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

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

I- 33 J JMJTTJ J «MJ J> J «MJ / 3 J  J>
J> ................................................................................................................

  ................................................
J! rejected 
J rejected 
J,
J. . . .

Figure 0.2 BEATS' analysis of Mozart's Sonata K. 331 (beginning).

BEATS has  so f a r  c r e a t e d  J*, J1, j! and J metronomes ,  and 

i t  has  Removed t h e  Ji metronome.  Ha l f u a y  t hrough n o t e  4 ,  

BEATS r e a c h e s  T3,  d i s c o n f i r m i n g  t h e  t i me  f r a m e ' s  p r e d i c t i o n  

o f  a n o t e  o n s e t .  Th i s  s u g g e s t s  t ha t  t he  frame i n t e r v a l ,  

a l t h o u g h  i t  has  been S t r e t c h e d ,  i s  s t i l l  i n c o r r e c t  and 

needs  t o  be e n l a r g e d  a g a i n .  A c c o r d i n g l y ,  S t r e t c h  moves T2 

t o  t he  o n s e t  o f  n o t e  4 ,  y i e l d i n g  a frame i n t e r v a l  o f  a j . ,  

and e l i m i n a t e s  t h e  metronome ( J ) c o r r e s p o n d i n g  t o  t he  o l d  

frame i n t e r v a l .

Compl e t i ng  t h e  H i e r a r c h y

In t h e  exampl e  a b o v e ,  BEATS c r e a t e d  tuo metronomes  (J* 

and J*) not  b e c a u s e  o f  a change in t h e  t i me frame but  

b e c a us e  n o t e s  o f  t h o s e  d u r a t i o n s  o c c u r r e d  in t he  p i e c e .  

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



a d j a c e n t  n o t e s ,  and c r e a t e s  a metronome c o r r e s p o n d i n g  to  

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

i n t e r v a l .  C o n s i s t e n t  he r e  means  t h a t  t h e  o n s e t  i n t e r v a l  in 

q u e s t i o n  i s  an i n t e g r a l  m u l t i p l e  or d i v i s o r  o f  t h e  f rame  

i n t e r v a l .  For e x a m p l e ,  c o n s i d e r  t h e  b e g i n n i n g  o f  t h e  l a s t  

movement  o f  M o z a r t ' s  Symphony n o .  41 ( " J u p i t e r " ) ,  shoun in 

F i g u r e  0 . 3 .  At t h e  o u t s e t  BEATS e s t a b l i s h e s  a frame  

i n t e r v a l  o f  a o ,  and o n l y  l a t e r  h e a r s  t he  f i r s t  o f  t h e  J s .  

L o n g u e t - H i g g i n s  & L e e ' s  r u l e s  do not  g e n e r a t e  s m a l l e r

m e t r i c  l e v e l s ,  but  i t  i s  as sumed t h e  mu s i c  i t s e l f  may

d i r e c t l y  d i c t a t e  l e v e l s  i n  s uc h  c a s e s .  S i n c e  t he  f i r s t  J 

i s  c o n s i s t e n t  u i t h  t h e  f rame i n t e r v a l ,  BEATS' I nduc e  r u l e  

c r e a t e s  a J me t r onome .  A f e u  n o t e s  l a t e r  BEATS h e a r s  a <).; 

t h i s ,  t o o ,  i s  s m a l l e r  than t h e  f rame i n t e r v a l ,  but  i t  i s  

not  c o n s i s t e n t ,  so  no metronome i s  made.

o i o i o i o i t j j j u .  jm u  j  j  j  n m
...............................................................................

............................................................................
J « . * • « •  . , « » . .
J • » » » • • ̂ . . . . .  . .
Figure 0.3 BEATS' analysis of Mozart's Symphony no. 41 ("Jupiter"), 
last movement.

The " J u p i t e r "  exampl e  a l s o  i l l u s t r a t e s  a t h i r d  uay 

t h a t  m e t r i c  l e v e l s  a r e  c r e a t e d .  For t h e  f i r s t  f o u r  bars  

t h e  m e t r i c  h i e r a r c h y  c o n s i s t s  o f  a s i n g l e  l e v e l .  Uhen t he  

J metronome i s  c r e a t e d ,  i t s  p e r i o d  i s  c o n s i s t e n t  u i t h  t h e  

c u r r e n t  f rame i n t e r v a l ,  but  t h e  m e t r i c  h i e r a r c h y  nou
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v i o l a t e s  a u e l 1- f o r m e d n e s s  r u l e  u h i c h  l i m i t s  t.he r a t i o  

between a d j a c e n t  l e v e l s  t o  t h r e e  or l e s s .  The s o l u t i o n  i s  

t he  I n t e r p o l a t e  p r o c e d u r e ,  u h i c h  c r e a t e s  a neu l e v e l  uh i c h  

s a t i s f i e s  t h i s  r u l e  u i t h  r e s p e c t  t o  both t he  J l e v e l  and 

the e l e v e l ,  i . e .  a J l e v e l .  A f t e r  t h e  J ., ue hear  a J*, and 

i t  i s  n e c e s s a r y  t o  i nduce  a metronome and to I n t e r p o l a t e  

an J* met ronome .

(Appendi x A p r o v i d e s  a d e t a i l e d  d e s c r i p t i o n  o f  BEATS* 

r u l e s ) .

Co n c l u s i o n

BEATS y i e l d s  a p s y c h o l o g i c a l l y  and m u s i c a l l y  p l a u s i b l e  

m e t r i c  a n a l y s i s  o f  mus i c  u r i t t e n  in a s t r i c t  meter  ( e . g .  

Bach,  Mozar t ,  American f o l k  m u s i c ,  but  not  S t r a v i n s k y ,  

C a r t e r ,  B u l g a r i a n  f o l k  m u s i c ) .  U i t h i n  t h i s  c a t e g o r y  t h e r e  

are  many s c o r e s  t h a t  i t  c annot  c o r r e c t l y  a n a l y z e .  Th i s  i s  

a l i m i t a t i o n  o f  d u r a t i o n - o n l y  a n a l y s i s :  d u r a t i o n  i s  not  the  

s o l e  c a r r i e r  o f  i n f o r m a t i o n  about  m e t r i c  s t r u c t u r e .  The 

e x t e n t  to u h i c h  t h i s  approach s u c c e e d s  r e f l e c t s  a d e g r e e  of  

redundancy be t ween r h y t h mi c ,  m e l o d i c  and harmonic  

d i me n s i o n s  i n most  mu s i c .
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I I I .  T e s t i n g  t h e  BEATS Model

To e v a l u a t e  BEATS a s  a model  o f  human p e r c e p t i o n ,  t uo  k i nds  

o f  q u e s t i o n s  can be a s k e d .  F i r s t ,  do l i s t e n e r s  in f a c t  

e x t r a c t  a h i e r a r c h i c  r e p r e s e n t a t i o n  o f  me t e r ?  Do t he y  

e x t r a c t  t h e  same h i e r a r c h i c  r e p r e s e n t a t i o n  t h a t  BEATS 

d e v e l o p s ?  Such q u e s t i o n s  a r e  a d d r e s s e d  i n Ex p e r i me n t s  1,  2 

and 3 .  S e c o n d ,  i f  BEATS' m e t r i c  h i e r a r c h i e s  a r e  i n g e n e r a l  

a f a i r  model  o f  l i s t e n e r s '  m e t r i c  r e p r e s e n t a t i o n s ,  a r e  t he  

s p e c i f i c  r u l e s  us e d  by BEATS u s e f u l  in p r e d i c t i n g  

l i s t e n e r s '  p e r c e p t i o n s ?  Uhen BEATS makes an e r r o r  do 

l i s t e n e r s  make t h e  same k i nd o f  e r r o r ?  These  q u e s t i o n s  are

a d d r e s s e d  i n  Ex pe r i me nt  4 .

Al l  e x p e r i m e n t s  used m u s i c a l l y  t r a i n e d  s u b j e c t s .

Ler dahl  and J a c k e n d o f f  ( 1 9 8 3 )  d e s c r i b e  t h e i r  t h e o r y  as  

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

u i t h  c l a s s i c a l  Wes t ern  t o n a l  m u s i c .  To t he  e x t e n t  t h a t  

BEATS de pends  on t h i s  t h e o r y ,  i t  pr e s umabl y  can be s a i d  to  

r e f l e c t  t h e  m e t r i c  i n t u i t i o n s  o f  t h e  same l i s t e n e r s .  On 

t h e  o t h e r  hand t h e  same c annot  n e c e s s a r i l y  be s a i d  o f  t he  

s p e c i f i c  p r o c e s s e s  empl oyed i n BEATS, a s  L o n g u e t - H i g g i n s  

and Lee ( 1 9 8 2 )  do not  s p e c i f y  uhat  k i nd  o f  l i s t e n e r  t he y  

a r e  m o d e l l i n g .  The most  i mp o r t a n t  r e a s o n  f o r  u s i n g  

m u s i c a l l y  t r a i n e d  s u b j e c t s  in t h e s e  e x p e r i m e n t s  uas  a 

p r a c t i c a l  o n e .  In p r e v i o u s  e x p e r i m e n t s  n a i v e  s u b j e c t s  have

i n many c a s e s  not  u n d e r s t o o d  t h e  n a t u r e  o f  t h e  t a s k  or t he
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a s p e c t  o f  t he  s t i m u l u s  t hey  u e r e  asked to  j u d g e .  U h i l e  ap­

p r o p r i a t e  i n s t r u c t i o n  and p r a c t i c e  c oul d  presumabl y  

overcome t h i s  problem* i t  seemed r e a s o n a b l e  to beg i n  u i t h  

s u b j e c t s  t o  whom t h e  t a s k s  uoul d make t he  most s e n s e .  

E v a l u a t i n g  BEATS u i t h  r e s p e c t  t o  d e g r e e  o f  mus i ca l  t r a i n i n g  

u i l l  have t o  a u a i t  deve l opment  of  r e l i a b l e  methods  f o r  

empl oyi ng m u s i c a l l y  n a i v e  s u b j e c t s .

1.  The Me t r i c  Probe Techni que  

Ex pe r i me nt s  1,  2 and 3 used t he  same s e t  o f  s t i m u l i  and 

the  same d e s i g n ,  d e s c r i b e d  b e l o u ,  in c o mbi na t i o n  u i t h  t h r e e  

d i f f e r e n t  t a s k s .

Rat i o n a l e

In a s t udy  o f  t he  d e t e c t a b i l i t y  o f  temporal  

d i s p l a c e m e n t s  in a rhyt hmi c  c o n t e x t ,  S c h u l z e  ( 1978)  used  

t he  f o l l o u i n g  k i nds  of  s t i m u l u s :

A . ! t  ! t I t +<5' r + $  ! t+6 ! t+S !

B.  I t !  t ! t ! t ! r+c? ! t + 6 - !

B r i e f  p u l s e s  ( ! )  ue r e  s e p a r a t e d  by t he  i n t e r v a l  t or t p l us

a smal l  d i s p l a c e m e n t ,  d.  There ue re  e i t h e r  t h r e e  ( s t i m u l u s

A) or f i v e  ( s t i m u l u s  B) p u l s e s  b e f o r e  the  d i s p l a c e m e n t  uas  

i n t r o d u c e d .  S u b j e c t s  had to  d e c i d e  u he t he r  t he  s eque nc e  

uas  r e g u l a r  ( i . e .  <5“ = 0)  or n o t .  Of i n t e r e s t  here  i s  that  

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

p u l s e s  ( s t i m u l u s  B) b e f o r e  t he  d i s p l a c e me n t  than uhen t h e r e
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were t h r e e .  T h i s  s u g g e s t s  t h a t  t he  i n i t i a l  p u l s e s  s e r v e  to  

i n d u c e  a t empora l  e x p e c t a t i o n  r e g a r d i n g  t h e  p l a c e me n t  of  

f u t u r e  p u l s e s .  Each s u c c e s s i v e  p u l s e  i n c r e a s e s  t h e  

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

( S c h u l z e ,  1 9 8 9 ) ,  u i t h  t h e  r e s u l t  t h a t  d e v i a t i o n s  from t h i s  

i n t e r v a l  a r e  more a p p a r e n t  in t h e  f i v e - p u l s e  t han i n the  

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

Bharucha & Pryor  ( 1 9 8 6 )  p r e s e n t e d  s u b j e c t s  w i t h  p a i r s  

o f  b r i e f  rhythms  in a s a m e - d i f f e r e n t  e x p e r i m e n t .  In each  

p a i r ,  one rhythm uas  m e t r i c a l l y  e x a c t  and t h e  o t h e r  had one  

n o t e  d i s p l a c e d  in such a way t h a t  i t  was not  p r e d i c t e d  by 

t h e  e x i s t i n g  m e t r i c  s t r u c t u r e .  The i n t e r - s t i m u l u s  i n t e r v a l  

( i s i )  s e p a r a t i n g  t h e  tuo rhyt hms  was a m u l t i p l e  o f  t he  

b a s i c  m e t r i c  i n t e r v a l  d e f i n e d  by t h e  f i r s t  rhyt hm,  as  shown 

be l ow ( b a r s  r e p r e s e n t  t h e  r h y t h mi c  p a t t e r n s ,  d o t s  t h e  b a s i c  

m e t e r ) :
l i l l  l |  i l l  i
l  I I I  i i  i l l  i

♦ • • • • • • • • • • • • ♦ ♦ I #
{ ----- e x a c t ------- } i s i  { - d i s t o r t e d - }

D i s c r i m i n a t i o n  u a s  b e t t e r  uhen t h e  e x a c t  rhythm p r e c e d e d  

t h e  d i s t o r t e d  rhythm ( as  a b o v e )  t han when t h e  d i s t o r t e d  

p r e c e d e d  t h e  e x a c t  rhythm.  The BEATS e x p l a n a t i o n  o f  t h i s  

phenomenon can be s e e n  by r e p r e s e n t i n g  t h e  i n t e r v a l s  above  

i n  mu s i c a l  n o t a t i o n .
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E x a c t : J J* J* J J
J* •  •  ♦  •

J *
J

D i s t o r t e d :  J Ji J»J J
............

J> ♦ •  •

J •
J

BEATS' a n a l y s i s  i s  shown be ne a t h  each rhythm.  In t he  e x a c t  

v e r s i o n ,  BEATS i n d u c e s  o n l y  J', j  and J l e v e l s ,  u h i l e  f or

t he  d i s t o r t e d  v e r s i o n  i t  i n d u c e s  J>, J>, J and J 1e v e l s . In

t he  l a t t e r  c a s e  t h e r e  i s  no J* in t he  rhythm,  but a J* l e v e l

i s  I n t e r p o l a t e d  between the  J* and J l e v e l s  to c ompl e t e  the

m e t r i c  h i e r a r c h y .  The asymmetry in d i s c r i m i n a t i o n  can nou

be p r e d i c t e d  by a t t a c h i n g  t he  a p p r o p r i a t e  m e t r i c  h i e r a r c h y

to  each s t i m u l u s  order :

e x a c t d i s t o r t e d

j  J1 J’ J J
i s i

4 J1 «W J

•  *

d i s t o r t e d

♦  *  *  *  *  

•

e x a c t

♦

J J! AJ J i
i s i

4 J> J

1

J ^
J • • « • • • • •
J.

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

by BEATS in r e s p o n s e  to t he  f i r s t  s t i m u l u s ;  t he  s econd  

s t i m u l u s  i s  shown s uper i mpose d  on t h i s  m e t r i c  s t r u c t u r e  at
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t h e  d i s t a n c e  d e t e r m i n e d  by t h e  i n t e r - s t i m u l u s  i n t e r v a l  

( i s i ) .  In t h e  f i r s t  c a s e  t h e  d i s p l a c e d  n o t e  («h) i s  not  

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

( e x a c t )  s t i m u l u s ,  wh e r e a s  i n t h e  s e c o n d  c a s e  t he  m e t r i c  

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

p r e d i c t s  e v e r y  n o t e  o f  t h e  s e c o n d  rhyt hm.  The s u b j e c t ’ s 

s t r a t e g y  mi ght  be t o  g e n e r a t e  a h i e r a r c h y  f o r  t h e  f i r s t  

rhythm and t h e n  e v a l u a t e  i t s  " f i t "  u i t h  t h e  s e c o n d  rhythm.  

I f  t h e  s u b j e c t ’ s  h i e r a r c h i e s  a r e  l i k e  t h o s e  g e n e r a t e d  by 

BEATS, such  a s t r a t e g y  w i l l  c l e a r l y  y i e l d  t h e  asymmetry  

found by Bharucha  and Pr y o r .

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

f unda me nt a l  p r i n c i p l e  o f  BEATS, namel y  t h a t  e x p e r i e n c e d  

p e r i o d i c i t i e s  g e n e r a t e  e x p e c t a n c i e s  on t h e  l i s t e n e r ’ s part  

o f  f u t u r e  n o t e  o n s e t s .  As shown a b o v e ,  t h e  Bharucha and 

Pryor  s t u d y  i s  a l s o  c o n s i s t e n t  w i t h  t h e  i d e a  t h a t  t h e s e  

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

not  t h e  o n l y  p o s s i b l e  i n t e r p r e t a t i o n  o f  B h a r u c h a ' s  and 

P r y o r ’ s r e s u l t s .  A s i m p l i f i e d  v e r s i o n  o f  BEATS might  

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

I i s iJ J* J* J J i J J! JU J
J>
J>  C • 3
J • c « :

d i s t o r t e d  e x a c t

i s iJ J5 Al J * . J' J4 J J
J> .......................................................................
j! * :
j  c • 3

Thi s  model  r e p r e s e n t s  meter  as  a s i n g l e  e x p e c t a n c y  about  

when t h e  next  n o t e  o n s e t  w i l l  o c c u r .  Whenever a new,  

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

(The b r a c k e t e d  d o t s  above  i n d i c a t e  where t he  next  beat  

would have o c c u r r e d  a t  a g i v e n  l e v e l  i f  t he  meter  had not  

been c h a n g e d . )  Th i s  i s  a r e a s o n a b l e  s t r a t e g y  i f  we s uppose  

t h a t  t he  l i s t e n e r ' s  t a s k  i s  t o  p r e d i c t  n o t e  o n s e t s  and t ha t  

m i s s e s  are  more c o s t l y  than f a l s e  a l a r m s .  The p o i n t  of  

t h i s  exampl e  i s  not  t o  pr o p o s e  an a l t e r n a t i v e  to  BEATS but  

r a t h e r  t o  p o i n t  out  t h a t  an e s s e n t i a l  a s p e c t  o f  BEATS' 

m e t r i c  h i e r a r c h i e s  i s  t h a t  a l l  m e t r i c  l e v e l s  t ha t  BEATS 

c r e a t e s  are  p r e s e n t  s i m u l t a n e o u s l y  in t he  m e t r i c  h i e r a r c h y .  

Whi l e  BEATS a c c o u n t s  n i c e l y  f o r  Bhar ucha’ s and Pr y o r ’ s 

r e s u l t s ,  t h e s e  r e s u l t s  can a l s o  be e x p l a i n e d  by t he  s i mp l e r  

model  d e s c r i b e d  a b o v e .  Ex p e r i me n t s  1,  2 and 3 were an 

a t t e mp t  to  f i n d  more d i r e c t  e v i d e n c e  o f  BEATS’ m e t r i c  

hi  e r a r c h i e s .
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The m e t r i c  probe  s t i m u l i  u s e d  in a l l  t h r e e  e x p e r i m e n t s  

u e r e  t h e  same and u e r e  bas ed  on t uo  a s s u m p t i o n s  t h a t  have  

been d i s c u s s e d ,  name l y :

1.  Each m e t r i c  l e v e l  i s  a p r e d i c t i o n  o f  t h e  t i me  o f  the  

n e x t  n o t e  o n s e t .

2 .  The more p r e d i c t i o n s  a n o t e  o n s e t  c o n f i r m s ,  t h e  more 

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

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

v a r i o u s  a s p e c t s  o f  a l i s t e n e r ' s  p e r c e p t i o n  o f  a p a r t i c u l a r

n o t e  ought  t o  be a f f e c t e d  by t h e  number o f  p r e d i c t i o n s  ( i f

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

s t e m probe  p o s i t i o n s
I-----------------------------------------------------------1 1 2 3 4 5 6 7
j  ;  J 1
• • • • • • • • * • #

J • • • • • •
2 1 2 1 2  1 2 1 0 2 0 1 0 2 0
m e t r i c  l e v e l

The s t i m u l u s  c o n s i s t s  o f  a s t e m . a s h o r t  rhythm t h a t  

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

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

t h e  l a s t  n o t e  o f  t h e  s t e m ( d e n o t e d  by ? a b o v e )  v a r i e s ,  and 

may have  any o f  s e v e n  p o s s i b l e  v a l u e s  ( f rom J* t o  J- i n  J'  

i n c r e m e n t s ) .  As shoun a b o v e ,  t h e  probe  may o c c u r  i n  one o f  

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

t h e  v a r i a b l e  n o t e .  U h i l e  a l l  s e v e n  probe  p o s i t i o n s  a r e  

shoun i n t h e  a b o v e  f i g u r e ,  t h e  probe  o c c u r s  i n  o n l y  one  

p o s i t i o n  i n  a g i v e n  s t i m u l u s .  The probe  i s  a r b i t r a r i l y
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n o t a t e d  as  a J but in f a c t  i t s  d u r a t i o n  i s  u n d e f i n e d ,  t h e r e  

b e i ng  no f o l l o w i n g  n o t e .  At t h e  bot t om of  t he  f i g u r e  i s  

shoun t he  number o f  c o n f i r me d  p r e d i c t i o n s ,  or m e t r i c  1 eve !  . 

at  each l o c a t i o n  i n t h e  s t em and a t  each p o s s i b l e  probe  

p o s i t i o n .  The m e t r i c  l e v e l  o f  a l o c a t i o n  a t  whi ch no not e  

o n s e t  o c c u r s  i s  t h e  m e t r i c  l e v e l  t h a t  a no t e  would have i f  

one o c c u r r e d  t h e r e .  A m e t r i c  l e v e l  o f  z er o  r e f l e c t s  the  

f a c t  t h a t  a n o t e  o n s e t  at  t h a t  l o c a t i o n  would c o n f i r m no 

p r e d i c t i o n s .

I f  t he  l i s t e n e r  does  i n f a c t  i n d u c e  the  m e t r i c  

s t r u c t u r e  p r e d i c t e d  by BEATS, t he n  t h e  p r o b e ’ s m e t r i c  l e v e l  

w i l l  be as  d e s c r i b e d  a b o v e .  T h e r e f o r e ,  by somehow a s k i n g  

t he  l i s t e n e r  about  t he  p r o b e ’ s m e t r i c  l e v e l  we can t e s t  

BEATS' p r e d i c t i o n .  Be c a us e  a s k i n g  t h e  l i s t e n e r  about  

m e t r i c  l e v e l s  i s  n e c e s s a r i l y  an i n d i r e c t  i n q u i r y ,  t h r e e  

t a s k s  were used in t he  hope o f  p r o v i d i n g  c o n v e r g i n g  

e v i d e n c e  in s u p p o r t  o f  BEATS’ p r e d i c t i o n .

1.  R a t i n g .  Pr o be s  wi t h  h i g h e r  m e t r i c  l e v e l s  might  be 

p e r c e i v e d  as  f i t t i n g  b e t t e r  w i t h  t h e  s tem (Palmer S. 

Krumhansl  1987a ,  b ) . I f  s o ,  a s k i n g  s u b j e c t s  to r a t e  t he  

’ g o o d n e s s ’ o f  t h e  probe s h o u l d  y i e l d  a s e t  o f  r a t i n g s  t h a t  

r e f l e c t  t he  m e t r i c  l e v e l s  o f  t h e  s e v e n  probe p o s i t i o n s .

2 .  I d e n t i f i c a t i o n .  A g e n e r a l  f e a t u r e  of  p e r c e p t i o n  i s  t h a t  

t h a t  whi ch i s  e x p e c t e d  i s  more r e a d i l y  r e c o g n i z e d  and more 

a c c u r a t e l y  i d e n t i f i e d  t han t h a t  whi ch i s  u n e x p e c t e d .
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Pr obe s  u i t h  h i g h e r  m e t r i c  l e v e l s  a r e  more e x p e c t e d  than  

pr obes  u i t h  l o u e r  m e t r i c  l e v e l s ,  and pr o be s  u i t h  m e t r i c  

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

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

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

1 e ve  1.

3 .  R e p r o d u c t i o n .  I f  g r e a t e r  e x p e c t a n c y  l e a d s  to  more 

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

s h o u l d  be more a c c u r a t e l y  r e p r o d u c e d  t han pr o be s  u i t h  l o ue r  

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

t he  s e v e n  probe  p o s i t i o n s  s h o u l d  t h e r e f o r e  r e f l e c t  t h e i r  

r e l a t i v e  m e t r i c  l e v e l s .

Me t r i c  Probe  S t i m u l i

Each o f  t h e  t h r e e  m e t r i c  probe  e x p e r i m e n t s  used t he  

same s e t  o f  s t i m u l i ,  c o n s t r u c t e d  as  shoun b e l o u .  As 

d e s c r i b e d  a b o v e ,  each s t i m u l u s  c o n s i s t e d  o f  a s t em,  e ndi ng  

i n a n o t e  o f  v a r i a b l e  d u r a t i o n ,  f o l l o u e d  by a s i n g l e  probe  

n o t e .  The v a r i a b l e  n o t e  ( ' ? '  b e l o u )  had s e v e n  p o s s i b l e  

d u r a t i o n s ,  r a n g i n g  from a J1 t o  a J- in J1 i n c r e m e n t s .  Tuo 

d i f f e r e n t  s t e ms  u e r e  u s e d ,  so a s  to  vary  t he  phase  

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

a s  shoun b e l o u .
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3 - n o t e  s t em probe p o s i t i o n s  
1 2 3 4 5 6 7
J J J J J J J 

J>
J . . .

0 2 0 1 0 2 0 
me t r i c  l e v e l s

J

4 - n o t e  s tem probe p o s i t i o n s
1 2 3 4 5 6 7 
J J J J J J J

0 1 0 2 0 1 0 
m e t r i c  l e v e l s

Because  the  l e n g t h  o f  the  s t e m’ s l a s t  not e  (?)  v a r i e s ,  the  

o ns e t  of  t he  probe f a l l s  in one o f  the  s even  p o s i t i o n s  

shoun.  Each such l o c a t i o n  i s  c h a r a c t e r i z e d  by me t r i c  

l e v e l ,  as  d e t e r mi n e d  by t he  m e t r i c  h i e r a r c h y .  An i mportant  

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

t ha t  m e t r i c  l e v e l  i s  not  monot oni c  u i t h  probe p o s i t i o n .  

T h e r e f o r e  any c o r r e l a t i o n  b e t ue e n  a dependent  measure and 

me t r i c  l e v e l  i s  not e x p l a i n a b l e  in terms o f  i n c r e a s i n g  

probe l a t e n c y .

S t i m u l i  r e p l i c a t e d  t he  c o n d i t i o n s  in u h i c h  BEATS 

o p e r a t e s :  a l l  n o t e s  had the same a r t i c u l a t i o n ,  i n t e n s i t y ,  

p i t c h  and t i mb r e ,  u i t h  not e  d u r a t i o n  t he  on l y  cue to met er .  

A not e  c o n s i s t e d  of  a 40 m i l l i s e c o n d  pip f o l l o w e d  by 

s i l e n c e  f o r  t h e  ba l a n c e  o f  t he  n o t e ’ s d u r a t i o n .  S t i m u l i  

uere  produced u s i n g  440 Hz s quare  wave s ,  bandpass  f i l t e r e d  

at  400 and 1500 Hz t o  a t t e n u a t e  o n s e t  t r a n s i e n t s ,  and 

pl ayed over  headphones  at  a c o m f o r t a b l e  l i s t e n i n g  l e v e l .
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De s i g n  o f  t h e  Me t r i c  Probe E x p e r i me n t s

Al l  t h r e e  e x p e r i m e n t s  use d  t h e  tuo s t e ms  i l l u s t r a t e d  

a b o v e ,  u i t h  t h e  same s e v e n  v a l u e s  f o r  t h e  v a r i a b l e  n o t e ,  

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

Each s t e m / v a r i a b l e  n o t e  c o m b i n a t i o n  uas  p r e s e n t e d  once  

at  each o f  t h r e e  t empos :  s l o u  ( 75  J b e a t s  per m i n u t e ) ,  

moderat e  ( 106  bpm) and f a s t  ( 1 5 0  bpm) . These  v a l u e s  ue re  

s e l e c t e d  t o  span t h e  range  o f  common mu s i c a l  t empos ;  t he  

mi ddl e  v a l u e  i s  such t h a t  t h e  d i f f e r e n c e  be t ween s l o u  and 

mode rat e  and be t we en  mo d e r a t e  and f a s t  i s  the  same l og  

r a t i o .  In a d d i t i o n ,  a number o f  dummy t r i a l s  were  

i n t e r p o l a t e d ,  p l a y e d  a t  randoml y s e l e c t e d  t empos  in the  

same r a n g e .  The o b j e c t  o f  t h i s  uas  t o  p r e v e n t  l e a r n i n g  of  

t h e  s i x  t e mp o / s t e m  c o m b i n a t i o n s ,  f o r c i n g  t h e  s u b j e c t  to  

a t t e n d  to  each s t i m u l u s .  By i n c r e a s i n g  t h e  v a r i e t y  of  

s t i m u l i ,  t he  dummy t r i a l s  r e d u c e d  t h e  l i k e l i h o o d  t h a t  the

s u b j e c t  remembered a r e s p o n s e  ( i n  t h e  r a t i ng ,  and

i d e n t i f i c a t i o n  e x p e r i m e n t s )  from one i n s t a n c e  t o  t he  next  

o f  a g i v e n  s t i m u l u s .

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

t r i a l s .  P r a c t i c e  s t i m u l i  were  c o n s t r u c t e d  as  d e s c r i b e d  

a b o v e ,  but  t he  s t e ms  used were  t h o s e  shoun b e l o u :

3 - n o t e  p r a c t i c e  s t em:  J J ?

4 - n o t e  p r a c t i c e  s t em:  J J J ?

F o l l o w i n g  t h e  p r a c t i c e  s t i m u l i  t h e r e  were 84 e x p e r i m e n t a l
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s t i m u l i ,  c o n s t r u c t e d  as  d e s c r i b e d  e a r l i e r ,  and. 42 dummy 

t r i a l s .  Of t he  42 dummy t r i a l s ,  28 combined t he  

e x p e r i me n t a l  s t i m u l i  ( each s tem x p o s i t i o n  c o mbi na t i o n  uas  

used t w i c e )  u i t h  randomly s e l e c t e d  t empos .  The remai ni ng  

14 dummy t r i a l s  uer e  c o n s t r u c t e d  u s i n g  random tempos in 

c ombi na t i o n  u i t h  t he  s t ems  shoun b e l o u :

3 - n o t e  dummy s tem:  J. ?

4 - n o t e  dummy stem:  J. J' J1 ?

The 84 e x p e r i me n t a l  t r i a l s  c o n s i s t e d  of  each s tem x 

p o s i t i o n  x tempo c o mb i n a t i o n  p r e s e n t e d  t u i c e ,  u i t h  the  

r e s t r i c t i o n  t h a t  t he  e n t i r e  s t i m u l u s  s e t  o f  42 e x p e r i me n t a l

s t i m u l i  (2 s t e ms  x 7 p o s i t i o n s  x 3 tempos)  had to be

p r e s e n t e d  b e f o r e  any member t h e r e o f  uas  r e p e a t e d .

The 126 s t i m u l i  (84 e x p e r i me n t a l  p l u s  42 dummy) ue r e  

arranged in s i x  l i s t s  ( t h r e e  l i s t s  and t h e i r  r e t r o g r a d e s ) .  

Each s u b j e c t  uas  run u i t h  each o f  t he  s i x  l i s t s ,  in an 

order  d e t er mi ne d  by a La t i n  s q u a r e ,  such t ha t  each l i s t  uas  

used once in each o f  t he  s i x  order  p o s i t i o n s .

2 .  Exper i ment  1: Ra t i ng  t he  Me t r i c  Probes

Sub.i e c t  s

S i x  m u s i c a l l y  t r a i n e d  s u b j e c t s  p a r t i c i p a t e d  in s i x  

s e s s i o n s  a p i e c e .  Each s e s s i o n  l a s t e d  from 25 to  45  

m i n u t e s .  None o f  t h e s e  s u b j e c t s  p a r t i c i p a t e d  in e i t h e r  

Experi ment  2 or Exper i ment  3 .  These  s u b j e c t s  ranged in age  

from l a t e  t e e n s  t o  e a r l y  f o r t i e s ,  u i t h  most in t h e i r
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t w e n t i e s ;  t h e y  i n c l u d e d  two b r a s s  p l a y e r s ,  two re e d  

p l a y e r s ,  a p i a n i s t  and a g u i t a r i s t .  Years  o f  t r a i n i n g  

ranged from 3 t o  2 0 ,  wi t h  a mean o f  1 0 . 2  y e a r s .  Four  

s u b j e c t s  had p r o f e s s i o n a l  e x p e r i e n c e ,  and f i v e  had had 

t r a i n i n g  i n r h y t h mi c  d i c t a t i o n .

Apparat  us

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

Turbo Pa s c a l  program,  RPROBE, r u n n i n g  on an AT- t y pe  com­

p u t e r .  Machi ne  l a n g u a g e  r o u t i n e s  p r o v i d e d  h a r d wa r e - b a s e d  

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

D' Yd e wa l l e  8< V a n C a l s t e r  1 9 8 9 ) .  The computer  c o n t r o l l e d  a 

r e l a y  ( Al pha P r o d u c t s  A - B u s ) , whi ch  o p e r a t e d  an e l e c t r o n i c  

s w i t c h  ( G r a s o n - S t a d l e r  8 2 9 E ) , g a t i n g  t h e  a u d i o  s i g n a l  from 

a f u n c t i o n  g e n e r a t o r  <C l a r k e - H e s s  743  and H e w l e t t - P a c k a r d  

209A) w i t h  10 m i l l i s e c o n d  r i s e  and dec ay  t i m e s .  The s i g n a l  

was bandpas s  f i l t e r e d  ( Kr o h n - Hi t e  3 2 0 2 )  and p l a y e d  over  

smal l  o p e n - a i r  ‘ pe he adphone s  ( R e a l i s t i c  N o v a - 4 5 ) .

S u b j e c t s  made r a t i n g  r e s p o n s e s  b y . p r e s s i n g  a key on a smal l  

t e r mi n a l  c o n n e c t e d  t o  RPROBE v i a  an o r d i n a r y  s e r i a l  

c o n n e c t i o n .

P r o c e dur e

S u b j e c t s  were  run in a s o u n d - a t t e n u a t i n g  boot h  i n s i d e  a 

s m a l l ,  c l o s e d  room.  Communi cat i on be t ween t h e  s u b j e c t  and 

t h e  computer  was t hr o ug h  t he  s ma l l  t e r mi n a l  i n  the
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s u b j e c t ' s  b o o t h .  The t e r m i n a l ' s  c u r s o r  uas  t ur ned  o f f  to  

pre vent  i t s  b l i n k i n g  from i n t e r f e r i n g  u i t h  s t i m u l i  or 

r e s p o n s e s .

Each s e s s i o n  began u i t h  u r i t t e n  i n s t r u c t i o n s ,  f o l l o u e d  

by a s e r i e s  o f  p r a c t i c e  t r i a l s .  S u b j e c t s  uer e  t o l d  in 

advance  t h a t  none o f  t he  p r a c t i c e  s t i m u l i  uoul d  appear  in 

the  e x p e r i m e n t .  S u b j e c t s  u e r e  not  p e r m i t t e d  t o  r e p e a t  an 

i n d i v i d u a l  p r a c t i c e  t r i a l ,  but a f t e r  the l a s t  p r a c t i c e  

t r i a l  t he y  u e r e  g i v e n  t he  o p t i o n  o f  r e p e a t i n g  t he  p r a c t i c e  

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

as  the  s u b j e c t  l i k e d .  S u b j e c t s  ue r e  e nc ouraged to r e p e a t  

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

a p p a r a t u s  and t he  p r o c e d u r e .  Feu s u b j e c t s  di d in f a c t  

r e pe a t  t he  p r a c t i c e  s e s s i o n ,  and none more than f our  t i m e s .

Be f o r e  each p r a c t i c e  t r i a l ,  t he  s u b j e c t  uas  t o l d  

e i t h e r  t h a t  t h e  rhythm uoul d  be an example in uh i c h  the  

l a s t  no t e  f i t  u e l l  o r  t h a t  i t  u o u l d  be an example  in uh i c h  

the  l a s t  n o t e  f i t  p o o r l y .  S u b j e c t s  t hen heard t he  rhythm 

and uer e  as ked t o  r a t e  hou u e l l  t he  l a s t  no t e  f i t  t he  r e s t  

of  the  rhythm,  on a s c a l e  o f  1 ( poor  f i t )  t o  7 (good f i t ) .  

No f e e dba c k  uas  g i v e n ,  t o  a v o i d  b i a s i n g  t h e  s u b j e c t ' s  use  

of  t he  r a t i n g  s c a l e .  The p r a c t i c e  s t i m u l i  u e r e  chos en  so 

as  not  to  s u g g e s t  h y p o t h e s e s  such as  " i f  the  l a s t  n o t e  i s  

l a t e  ( e a r l y )  t he  f i t  i s  good ( p o o r ) , "  or "uhen t he  rhythm 

i s  l ong  ( s h o r t )  t he  l a s t  n o t e  f i t s  u e l l  ( p o o r l y ) , "  and so
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on.  The r e l e v a n t  p a r t  o f  t h e  i n s t r u c t i o n s  f o r  t h e  r a t i n g  

t a s k  a r e  in Appe ndi x  B.

A f t e r  t h e  p r a c t i c e  t r i a l s ,  s u b j e c t s  u e r e  a s k e d  i f  t he y  

had any q u e s t i o n s ,  and t h e n  began t h e  e x p e r i m e n t a l  t r i a l s .  

The t r i a l  c y c l e ,  d e s c r i b e d  b e l o u ,  u a s  d e s i g n e d  to  r e d u c e  

s u b j e c t  f a t i g u e  by m i n i m i z i n g  k e y s t r o k e s  and by p a c i n g  the  

e x p e r i me n t  u h i l e  a l l o u i n g  t h e  s u b j e c t  t o  t a k e  a break uhen 

n e c e s s a r y .  The t r i a l  c y c l e  uas  as  f o l l o w s :

1.  I n t e r - s t i m u l u s  i n t e r v a l .  The computer  p a u s e d .  Duri ng  

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

program ( t o  r e s t  b r i e f l y ,  r e p o s i t i o n  t e r m i n a l ,  c h a i r ,  e t c . )  

by p r e s s i n g  t h e  t e r m i n a l ’ s <ESC> k e y .  Th i s  r e s u l t e d  in a 

me s s a g e  on t h e  t e r m i n a l  i n s t r u c t i n g  t he  s u b j e c t  t o  h i t  any 

key t o  r e s u me .  A l t e r n a t i v e l y ,  t h e  s u b j e c t  c o u l d  end t he  

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

b a r .  F i n a l l y ,  t h e  d u r a t i o n  o f  t h e  i n t e r - s t i r n u 1 us  i n t e r v a l  

c o u l d  be t o g g l e d  be t we e n  l o n g  ( two and a h a l f  s e c o n d s )  and 

s h o r t  ( one  s e c o n d )  by p r e s s i n g  t h e  ’ S ’ ( s l o u )  and ’ F’

( f a s t )  k e y s  d u r i n g  t h i s  i n t e r v a l .

2 .  Warning t o n e .  The t e r m i n a l  b e e p e d .  The c omput er  d i d  

not  r e s p o n d  t o  any o f  t he  k e y s  me n t i o n e d  a bove  a f t e r  t h i s .

3 .  A t t e n t i o n  i n t e r v a l .  F o l l o u i n g  t h e  wa r n i ng  t o n e  uas  a 

p a u s e  f o r  a random p e r i o d  i n  t h e  r ang e  1000 -  1400  

m i l l i s e c o n d s .  Any d u r a t i o n  i n t h i s  range  i s  l o n g e r  than  

t h e  f i r s t  i n t e r v a l  o f  any o f  t h e  s t i m u l i .  T h i s ,  in
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c o n j u n c t i o n  u i t h  t he  f a c t  t h a t  t h e  ua r n i n g  t one  uas  

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

p r e v e n t e d  t h e  u a r n i n g  t one  from becomi ng part  of  t h e  

s t  i m u l u s .

4 .  S t i m u l u s  p r e s e n t a t i o n .

5 .  Res ponse  prompt .  A me s s age  on t h e  t e r mi n a l  s c r e e n  

a s ke d  f o r  a r a t i n g  to  be e n t e r e d  from t h e  ke yboar d .  Only 

t h e  keys  1 - 7  u e r e  echoed t o  t h e  t e r mi na l  s c r e e n ;  p r e s s i n g  

any o t h e r  key e l i c i t e d  a beep from the t e r m i n a l .

6 .  End o f  r e s p o n s e .  The s u b j e c t  p r e s s e d  <ENTER> to  

t e r m i n a t e  t he  t r i a l .  Be f o r e  p r e s s i n g  <ENTER>, t h e  s u b j e c t  

c o u l d  change  h i s / h e r  c h o i c e  any number of  t i m e s  by p r e s s i n g  

a n o t h e r  ke y .  The computer s i g n a l l e d  t he  s u b j e c t  t h a t  the  

r e s p o n s e  p e r i o d  uas  over  by c l e a r i n g  t he  t e r mi n a l  s c r e e n .

R e s u l t s  and D i s c u s s i o n

Be c a us e  d i s t r i b u t i o n s  o f  r a t i n g s  t end to  be s ke ue d ,

medi ans  u e r e  used in p l a c e  o f  means in a n a l y z i n g  t h e s e

d a t a .  Median r a t i n g s  f o r  each s t em x l e v e l  c o m b i n a t i o n ,

p o o l e d  a c r o s s  p o s i t i o n s ,  s u b j e c t s  and t empos ,  a r e  shoun in

Tabl e  1 . 1 .  Median r a t i n g s  f o r  each s tem x probe p o s i t i o n

c o m b i n a t i o n ,  s i m i l a r l y  p o o l e d ,  a r e  shoun in Tabl e  1 . 2 .

m e t r i c  l e v e l  
median r a t i n g  0 1 2  median

s tem l e n g t h ;  3 3 . 3  4 . 3  5 . 8  4 . 2
4 3 . 8  5 . 0  6 . 6  4 . 6

Table 1. 1 Median ratings by metric level.
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median
r a t i n g  - - - - - - -  pr o be p o s i t i o n
stem 1 2  3 4 =
1ength  

3 3 . 0 6 . 6 2 . 9 4 . 3 3 . 9 4 . 8 4 . 2
(0) (2) (0) (1) (0) (2) (0)
3 . 4 6 . 0 4 . 6 6 . 6 4 . 1 3 . 1 4 . 6
(0) (1) (0) (2) (0) (1) (0)

( m e t r i c  l e v e l  in ( )  )

Table 1.2 Median ratings by probe position.

Because  s e s s i o n  and s t i m u l u s  order  are  not i n d e p e n d e n t ,  

each f a c t o r  uas  e v a l u a t e d  in a s e p a r a t e  r e p e a t e d - me a s u r e s  

a n a l y s i s  of  v a r i a n c e .  No s i g n i f i c a n t  e f f e c t s  ue r e  f ound,  

and both f a c t o r s  ue r e  e l i m i n a t e d  from f u r t h e r  a n a l y s i s .  

Median r a t i n g s  ue r e  a n a l y z e d  in a 2 ( s t e m)  x 7 ( p o s i t i o n )  x 

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

on a l l  f a c t o r s ;  be c a us e  probe p o s i t i o n  and m e t r i c  l e v e l  are  

c o nf o unde d ,  a s e cond  a n a l y s i s  r e p l a c e d  the p o s i t i o n  f a c t o r  

u i t h  t h e  l e v e l  f a c t o r .  The e f f e c t  of  probe p o s i t i o n  i s  

s i g n i f i c a n t  ( F 6 , 3 o  = 5 0 . 0 5 ,  p < . 0 1 )  as  i s  the  e f f e c t  of  

m e t r i c  l e v e l  ( F 2 , t o  = 5 1 . 2 7 ,  p  < 0 . 0 1 ) .  There i s  a ueak 

i n t e r a c t i o n  of  probe p o s i t i o n  u i t h  tempo ( F i 2 , 6 o = 4 . 8 2 ,  p 

< . 01 )  but no c o r r e s p o n d i n g  i n t e r a c t i o n  of  l e v e l  u i t h  

tempo.  The e f f e c t  o f  s tem l e n g t h  i s  not  s i g n i f i c a n t ,  but 

t he  h i g h e r  r a t i n g s  f o r  rhythms u i t h  the  l o ng e r  s tem ( s e e  

Tabl e  1 . 1 )  ar e  a s  p r e d i c t e d  by S c h u l z e ' s  ( 1978)  r e s u l t s ,  

d i s c u s s e d  e a r l i e r .  The f a c t  t h a t  t h r e e  p o s i t i o n s  ( 2 ,  4 8.

6)  have d i f f e r e n t  m e t r i c  l e v e l s  in t h e  t uo  s t ems  p r e d i c t s  

an i n t e r a c t i o n  be t ue e n  s tem and p o s i t i o n  ( F & . s o  = 4 . 8 0 ,  p <
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. 0 1 ) ,  as  shoun in Tabl e  1 . 2 .  Thes e  r e s u l t s  seem t o  support  

t he  BEATS h y p o t h e s i s ,  but f u r t h e r  a n a l y s i s  shows t h a t  t he  

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

F i g u r e  1 . 1  show s t he  r e s p o n s e s  o f  an i d e a l  o b s e r v e r ,  as  

p r e d i c t e d  by t h e  BEATS h y p o t h e s i s ,  f o r  each s t em.  BEATS 

p r e d i c t s  t h a t  a l l  pr o be s  at  m e t r i c  l e v e l  2 w i l l  be r a t e d  

h i g h e r  t han a l l  pr o be s  a t  l e v e l  1,  whi ch w i l l  in t urn be 

r a t e d  h i g h e r  t han a l l  probe s  a t  l e v e l  0 .  Th i s  much i s  

borne out  by t h e  d a t a ,  as  shown in F i g u r e  1 . 2  and in Tabl e  

1 . 1 .

The BEATS h y p o t h e s i s  a l s o  p r e d i c t s  t h a t  a l l  probes  at  a 

g i v e n  l e v e l  w i l l  r e c e i v e  more or l e s s  t he  same r a t i n g .

Thi s  p r e d i c t i o n  i s  not  e n t i r e l y  s u p p o r t e d  by t h e  da t a  ( s e e  

Fi g u r e  1 . 2 ) .  F i n a l l y ,  BEATS doe s  not  p r e d i c t  t h a t  s u b j e c t s  

w i l l  d i f f e r  i n t h e i r  r a t i n g s ,  but c l e a r l y  t he y  do,  as  shown 

in F i g u r e  1 . 3 ,  u h i c h  shows each s u b j e c t ’ s median r a t i n g s  

f o r  t he  t h r e e - n o t e  s t e m,  and in F i g u r e  1 . 4 ,  whi ch shows the  

same f o r  t h e  f o u r - n o t e  s t e m.

B e f o r e  c o n c l u d i n g  t h a t  t he  da t a  do not s uppo r t  the  

BEATS mode l ,  i t  i s  worth n o t i n g  two s y s t e m a t i c  f e a t u r e s  of  

t he  d a t a .  F i r s t ,  c o n s i d e r i n g  t h e  i d e a l  o b s e r v e r ’ s r a t i n g s  

d e p i c t e d  in F i g u r e  1 . 1 ,  t h e  p o i n t s  at  p o s i t i o n s  2 ,  4 and 6 

can be t hought  o f  as  peaks  in a f u n c t i o n  r e l a t i n g  p o s i t i o n  

and r a t i n g .  Now c o n s i d e r i n g  t h e  s u b j e c t s ’ d a t a  in F i g u r e s  

1 . 3  and 1 . 4 ,  i t  i s  c l e a r  t h a t  s u b j e c t s  do not  a l l  have
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p e a k s  u h e r e  p e a k s  a r e  p r e d i c t e d .  However ,  t h e  p e a k s  t h a t  

s u b j e c t s  do ha v e  a r e  i n  p r e d i c t e d  p o s i t i o n s ;  no s u b j e c t  has

a peak u h e r e  one  i s  not  p r e d i c t e d .  S e c o n d ,  s u b j e c t s '

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

i n  t h e  e a r l y  p o s i t i o n s  t han  i n  t h e  l a t e r  p o s i t i o n s .

S u b j e c t  1 ,  f o r  i n s t a n c e ,  d i s t i n g u i s h e d  b e t u e e n  t h e  m e t r i c  

l e v e l s  o f  t h e  f i r s t  t h r e e  p o s i t i o n s  f o r  t h e  t h r e e - n o t e  s t em  

but  not  b e t u e e n  any o f  t h e  o t h e r  p o s i t i o n s .  T h e s e  two  

c h a r a c t e r i s t i c s  o f  t h e  d a t a  can be a c c o u n t e d  f o r  by a 

p s y c h o p h y s i c a l  model  o f  t h e  s u b j e c t ’ s t a s k .  The model  can

a c c o u n t  f o r  much o f  t h e  i n t e r - s u b j e c t  v a r i a n c e  and can

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

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

The U e b e r ’ s Law Model

The model  d i v i d e s  t h e  s u b j e c t ’ s t a s k  i n t o  t h r e e  s t a g e s .  

The f i r s t  s t a g e  c o v e r t l y  maps t h e  t e mpor a l  i n t e r v a l  from 

t h e  end o f  t h e  s t e m t o  t h e  o n s e t  o f  t h e  pr o be  o n t o  a 

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

s t i m u l u s .  The s e c o n d  s t a g e  t h e n  maps t h i s  t e mp o r a l  

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

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

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

s c a l e ,  by means  o f  a mappi ng f u n c t i o n  t h a t  p r e s u ma b l y  

i n c o r p o r a t e s  s u b j e c t  b i a s .

The upper  p a r t  o f  F i g u r e  1 . 5  s hows  S t a g e  1 o f  t he
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U e b e r ' s  Law model  in more d e t a i l .  U e b e r ' s  law p r e d i c t s  

t h a t  p e r c e p t i o n  o f  t h e  t e mpor a l  p o s i t i o n  o f  t h e  probe  w i l l  

become p o o r e r  a s  t h e  i n t e r v a l  p r e c e d i n g  t he  probe  grows  

(Lunney,  1974;  Ha l pe r n  & Darwi n,  1 9 8 2 ) .  As shown i n F i g u r e  

1 . 5 ,  t h i s  i n t e r v a l  grows by a c o n s t a n t  i nc re ment  from one  

probe p o s i t i o n  t o  t h e  n e x t .  T h e r e f o r e  t he  d e c l i n e  in  

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

s e n s o r y  d i s t r i b u t i o n  o f  t h e  p r o b e ' s  p o s i t i o n .  S t a g e  1 maps 

t he  s e v e n  probe  p o s i t i o n s  ont o  a c o n t i n u o u s  t emporal  

d i m e n s i o n .  The l a t e r  t h e  p r o b e ,  t h e  g r e a t e r  t h e  range  o f  

t he  t emporal  d i me n s i o n  ont o  whi ch  i t  can be mapped.

C l e a r l y ,  d i f f e r e n c e s  in t h e  d i s c r i m i n a b i l i t y  o f  t h e  probe  

p o s i t i o n ,  bot h  from p o s i t i o n  t o  p o s i t i o n  and from s u b j e c t  

t o  s u b j e c t ,  w i l l  have c o n s e q u e n c e s  f o r  i d e n t i f y i n g  t he  

p r o b e ' s  m e t r i c  l e v e l .

These  c o n s e q u e n c e s  show up i n S t a g e  2 .  As shown i n t he  

l ower p a r t  o f  F i g u r e  1 . 5 ,  t h e  c o n t i n u o u s  t empora l  d i me n s i o n  

i s  mapped ont o  t h e  d i s c r e t e  p o s i t i o n s  o f  t he  m e t r i c  

h i e r a r c h y  pr oduc e d  by BEATS, r e p r e s e n t e d  by t h e  s p a c e s  

bet ween d o t t e d  v e r t i c a l  l i n e s .  Each o f  t h e s e  p o s i t i o n s  

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

s e n s o r y  d i s t r i b u t i o n s  o f  S t a g e  1 d e t e r mi n e  t h e  p r o b a b i l i t y  

t h a t  a probe  w i l l  be p e r c e i v e d  i n a p a r t i c u l a r  p o s i t i o n  on 

t he  t empora l  d i m e n s i o n .  By c a l c u l a t i n g  t h e  a r e a  under  each  

s e n s o r y  d i s t r i b u t i o n  f o r  each probe  p o s i t i o n  ( d e f i n e d  by a
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pai r  of  d o t t e d  l i n e s ) ,  i t  i s  p o s s i b l e  to  d e r i v e  the  

p r o b a b i l i t i e s  o f  each probe p o s i t i o n  be i ng  p e r c e i v e d  at  

each o f  the  t h r e e  m e t r i c  l e v e l s .  These  t h r e e  p r o b a b i l i t i e s  

can t hen be combined in a s i n g l e  median m e t r i c  l e v e l  f or  

each probe p o s i t i o n .  For exampl e ,  i f  t he  s e n s o r y  

d i s t r i b u t i o n  f o r  p o s i t i o n  2 has  a s t andard  d e v i a t i o n  o f  0 . 5  

p o s i t i o n s ,  t hen  the  p r o b a b i l i t y  t h a t  the  probe w i l l  be 

p e r c e i v e d  to  f a l l  a t  m e t r i c  l e v e l  2 i s  g i v e n  by t he  area  

under t he  curve  be t ueen the d o t t e d  l i n e s  d e f i n i n g  p o s i t i o n

2 ,  uhi ch  i s  . 6 8 2 6 .  The p r o b a b i l i t y  t ha t  t he  probe u i l l  be

p e r c e i v e d  to  f a l l  a t  m e t r i c  l e v e l  0 i s  g i v e n  by the  tuo

a r e a s  under t he  same curve  b e t ue e n  the p a i r s  of  d o t t e d

l i n e s  d e f i n i n g  p o s i t i o n s  1 and 3 ,  uh i c h  are  . 1 5 7 4  e ac h ,  or 

. 3 1 4 8 .  L i k e u i s e ,  t he  p r o b a b i l i t y  t ha t  the probe u i l l  be 

p e r c e i v e d  to f a l l  at  m e t r i c  l e v e l  1 i s  g i v e n  by the  tuo

a r e a s  under t he  same curve  b e t u e e n  the p a i r s  o f  d o t t e d

l i n e s  d e f i n i n g  p o s i t i o n s  0 and 4 ,  uhi ch  are  a p p r o x i ma t e l y  

. 0013  e a c h ,  or . 0 0 2 6 .  Th i s  p r o b a b i l i t y  d i s t r i b u t i o n  i s  

summarized b e l o u .

1 eve  1 prob.  cum, prob.
0 . 3 1 4 8  . 3148
1 .0 0 2 6  . 3174
2 .6 8 2 6  1 . 0

Jus t  as  s u b j e c t s ’ r e s p o n s e s  are  c h a r a c t e r i z e d  by a median 

r a t i n g ,  a median m e t r i c  l e v e l  can be used t o  c h a r a c t e r i z e  

t he  above  d i s t r i b u t i o n .  The median i s  used here  becaus e  

t he  d i s t r i b u t i o n  o f  m e t r i c - l e v e l  i d e n t i f i c a t i o n s  at  a g i v e n
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probe  p o s i t i o n  t e n d s  t o  be non-normal  and s ke we d,  as  shoun 

a b o v e .  By d e f i n i n g  t h e  median o f  such a d i s t r i b u t i o n  as  

t h e  m e t r i c  l e v e l  v a l u e  u i t h  a c u m u l a t i v e  p r o b a b i l i t y  of

0 . 5 ,  i t  can be e a s i l y  c a l c u l a t e d .  In t he  e x a mp l e ,  t h i s  

v a l u e  i s  1 . 7 5 .  That  t h e  median m e t r i c  l e v e l  i s  l e s s  than  

t uo  r e f l e c t s  t h e  f a c t  t h a t ,  a c c o r d i n g  to  the mode l ,  a probe  

in p o s i t i o n  2 u i l l  u s u a l l y  be p e r c e i v e d  in t he  t emporal  

r e g i o n  c o r r e s p o n d i n g  t o  a p o s i t i o n  in t he  m e t r i c  h i e r a r c h y  

at  l e v e l  2 ,  but on a f a i r  number o f  t r i a l s  i t  u i l l  be 

p e r c e i v e d  i n one o f  tuo r e g i o n s  c o r r e s p o n d i n g  to  m e t r i c  

l e v e l  0 .  The m o d e l ' s  median m e t r i c  l e v e l  a l s o  r e f l e c t s  t he  

s pr e a d  o f  t h e  p o s i t i o n  2 s e n s o r y  d i s t r i b u t i o n :  t he  g r e a t e r  

t h e  s p r e a d ,  t h e  l o u e r  t h e  me di an .

The U e b e r ' s  1au model  has  a s i n g l e  p a r a me t e r ,  namely  

t h e  Ueber f r a c t i o n .  A l i s t e n e r  u i t h  a s mal l  Ueber f r a c t i o n  

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

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

Ueber f r a c t i o n .  The appea l  o f  t h i s  model  comes from t he  

f a c t  t h a t  c h a n g e s  in d i s c r i m i n a t i o n ,  as  r e f l e c t e d  in the  

Ueber f r a c t i o n ,  i n t e r a c t  i n a v e r y  i n t e r e s t i n g  uay u i t h  t h e  

m e t r i c  h i e r a r c h y .

An i d e a l  U e b e r ' s  1au model  o b s e r v e r  can be s i m u l a t e d  

f o r  any Ueber  f r a c t i o n .  The f r a c t i o n  d e t e r m i n e s  t he  

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

The median m e t r i c  l e v e l  o f  a probe  in each p o s i t i o n  can



58

t hen be computed a s  d e s c r i b e d  a b o v e .  F i g u r e  1, .6 s ho u s  t he  

r a t i n g  p a t t e r n s  o f  a f a m i l y  o f  s i m u l a t e d  i d e a l  U e b e r ’ s law 

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

p a r a me t e r .  Uhat i s  r e ma r k a b l e  about  t h e s e  p a t t e r n s  i s  t h a t  

t h e y  g i v e  r i s e  t o  t h e  same o b s e r v a t i o n s  made e a r l i e r  about  

s u b j e c t s '  d a t a ,  namely t h a t  pr o mi nent  peaks  o c c ur  o n l y  

uhe r e  t h e y  a r e  p r e d i c t e d ,  and t h a t  j udgment s  o f  f i t  a r e  

most  l i k e l y  to  s hou  d i f f e r e n c e s  f o r  e a r l y  p o s i t i o n s .

By a d j u s t i n g  t he  Ueber f r a c t i o n  p a r a me t e r ,  t he  b e s t  

f i t t i n g  model  can be f ound f o r  each s u b j e c t ,  t h u s  a l l o u i n g  

t h e  U e b e r ' s  1au model  t o  a c c o u n t  f o r  i n d i v i d u a l  d i f f e r e n c e s  

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

of  t he  d a t a  d i s c u s s e d  a b o v e .  Each U e b e r ' s  1au model  

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

s e a r c h i n g  f o r  t h e  Ueber f r a c t i o n  t h a t  g i v e s  r i s e  t o  t h e  s e t  

of  median m e t r i c  l e v e l s  ( comput ed a s  d e s c r i b e d  a bo v e )  t ha t  

b e s t  f i t  ( u s i n g  a l e a s t  s q u a r e s  c r i t e r i o n )  the  s u b j e c t ' s  

median r a t i n g s .

In o r d e r  t o  a s s e s s  t he  f i t  b e t u e e n  the U e b e r ’ s 1au 

mode l s  and t h e  s u b j e c t s '  d a t a  i t  i s  n e c e s s a r y  to make some

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

r a t i n g  s c a l e  in S t a g e  3 o f  t h e  mo d e l .  By as s umi ng  t h a t  t he  

i d e a l  U e b e r ’ s Lau model  o b s e r v e r  i s  u n b i a s e d  and u s e s  t h e

e n t i r e  r a t i n g  s c a l e ,  i t  i s  p o s s i b l e  t o  map t h e  mo d e l ’ s 0 -

2 range  o f  median m e t r i c  l e v e l s  d i r e c t l y  ont o  t h e  1 - 7
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range o f  t he  r a t i n g  s c a l e .  Thus a ( m o d e l ' s )  median m e t r i c  

l e v e l  o f  0 c o r r e s p o n d s  to  a ( s u b j e c t ' s )  r a t i n g  o f  1,  a 

l e v e l  o f  2 c o r r e s p o n d s  to a r a t i n g  o f  7 ,  and i n t e r m e d i a t e  

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

r a t i n g s ,  as  shown be l o w.

median m e t r i c  l e v e l
0 0 . 5  1 1 . 5  2
1  ______________          _ _ _ _ _ _ _ _ __ _ _  _ _ _  »
1 2 3 4 5 6 7
median r a t i n g

Be caus e  t h e y  do not  produce  r a t i n g s ,  t he  U e b e r ' s  law i d e a l  

o b s e r v e r s  do not  model  r e s p o n s e  b i a s e s  or d i f f e r e n c e s  

between s u b j e c t s  in u s i n g  the  r a t i n g  s c a l e .  Ui t h  t h i s  

c o n s t r a i n t ,  c o r r e l a t i o n s  b e t u e e n  model  out put  and s u b j e c t  

dat a  show t h a t  t h e  model  a c c o u n t s  f o r  bet ween 15% and 83% 

of  t he  v a r i a n c e  w i t h i n  a g i v e n  s u b j e c t ’ s d a t a ;  t h e  mean i s  

53%. There  i s  no r e l a t i o n  bet ween a s u b j e c t ’ s s e n s i t i v i t y ,  

as  r e f l e c t e d  by t h e  model ed Ueber f r a c t i o n ,  and t he  amount  

of  v a r i a n c e  e x p l a i n e d  by t he  model  (r = - 0 . 0 8 ) .  Thus to  

t he  e x t e n t  t h a t  t h e  model  works ,  i t  works  e q u a l l y  u e l l  f or  

a l l  s u b j e c t s ,  whi ch  i s  as  i t  s h o u l d  be g i v e n  t ha t  t he  model  

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

U h i l e  f o r  some s u b j e c t s  t he  model  a c c o u n t s  n i c e l y  f o r  

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

problem o f  e x p l a i n i n g  t he  r e ma i n i n g  v a r i a n c e .  C e r t a i n l y  

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

i n c o r p o r a t e d  a t h i r d  s t a g e  t h a t  r e f l e c t e d  t he  r e s p o n s e  b i a s
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o f  r e a l ,  r a t h e r  t han i d e a l ,  o b s e r v e r s .  U h i l e  i t  i s  not  

c l e a r  how t o  do t h i s  i n a f ormal  u a y ,  an i d e a  o f  t he  

e f f e c t s  o f  d o i n g  so can be had by s c a l i n g  t h e  m o d e l ’ s 

p r e d i c t i o n s  so t h a t ,  in t e rms  o f  t h e  m e t r i c  1 e v e ! - t o - r a t i n g  

mappi ng d e s c r i b e d  a b o v e ,  t h e  m o d e l ’ s l o w e s t  and h i g h e s t  

m e t r i c  l e v e l s  c o r r e s p o n d  t o  t h e  s u b j e c t ’ s l o w e s t  and 

h i g h e s t  medi an r a t i n g s  and t h e  m o d e l ’ s mean m e t r i c  l e v e l  

c o r r e s p o n d s  t o  t h e  s u b j e c t ' s  mean r a t i n g .  Model s  s c a l e d  in 

t h i s  way a r e  p l o t t e d  in F i g u r e s  1 . 3  and 1 . 4  t o g e t h e r  w i t h  

s u b j e c t s ’ d a t a .  The f i t  o f  bo t h  i d e a l  and s c a l e d  mo d e l s  i s  

shown in Ta b! e  1 . 3 .

 i d e a l   ------- s c a l e d -----
s u b j e c t s t em UF MSE r 2 UF MSE r2

1 3 . 3 8 1 . 3 2 . 6 7 . 2 5 0 . 0 6 . 8 2
1 4 . 19 2 . 6 8 . 2 4 . 19 0 . 8 1 . 17

3 . 36 1 .31 . 7 7 . 2 6 0 . 2 5 . 9 2
2 4 . 2 0 3 . 0 5 . 6 4 . 2 9 0 . 0 3 . 98

ow> . 3 7 4 . 3 1 . 2 8 . 3 7 1 . 8 2 . 19
T* 4 . 1 9 4 . 0 7 . 14 . 2 6 2 . 6 9 . 27
4 2} . 1 2 2 . 9 4 . 5 9 . 15 1 . 3 9 . 63
4 4 . 1 7 5 . 9 9 . 62 . 19 0 . 6 2 . 7 4
c r 3 . 0 9 0 . 9 6 C* •“* * o O . 0 8 0 . 8 1 . 3 4c 4 . 1 4 4 . 1 0 . 7 7 i  —)

•  i  / 0 . 59 ■ 3 0• * M

6 . 12 4 • t { . 56 . 14 1 . 5 6 . 4 8
6 4 . 1 7 4 • 62 . 2 4 .  18 2 . 2 0 .  19

mean :
•o . 2 4 2 . 6 0 . 62 .21 0 . 9 8 . 65
4 . 18 4 . 0 3 . 4 4 .21 1 . 32 . 5 4

Table 1.3 ffeber fraction ( HF) , mean squared error (MSE) , and fit 
(r2) of ideal and scaled ffeber's Law models for the rating subjects.

S c a l i n g  t h e  m o d e l s ’ o u t p u t  i mp r o v e s  t h e i r  f i t  s omewhat .

The mo d e l s  f u l f i l l ,  t o  some d e g r e e ,  t h e  e x p e c t a t i o n  t h a t

t h e  Ueber  f r a c t i o n  be t h e  same f o r  t h e  two s t em l e n g t h s  f o r

a g i v e n  s u b j e c t :  t h e  c o r r e l a t i o n s  be t we e n  Ueber  f r a c t i o n s
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f o r  t he  t h r e e - n o t e  s tem and f o r  t he  f o u r - n o t e  s tem are  0 . 8 7  

f or  t he  i d e a l  mode l s  and 0 . 7 6  f o r  t he  s c a l e d  mo de l s .  The 

f i v e  w o r s t - f i t t i n g  mo d e l s ,  i n d i c a t e d  by l e f t  arrows  ( <- )  in 

Tabl e  1 . 3 ,  a r e  a l s o  t he  o n l y  f i v e  mode l s  in whi ch the  

p o s i t i o n s  o f  t h e  m o d e l ' s  l o w e s t  and h i g h e s t  r a t i n g s  do not  

c o r r e s p o n d  t o  t h o s e  o f  t h e  s u b j e c t .  Such c a s e s  in 

p a r t i c u l a r  make i t  c l e a r  t h a t  S t a g e  3 must do more than  

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

among s u b j e c t s .

3 .  Exper i ment  2:  I d e n t i f y i n g  t h e  Me t r i c  Probes  

Subj e c t s

S i x  m u s i c a l l y  t r a i n e d  s u b j e c t s  p a r t i c i p a t e d  in s i x  

s e s s i o n s  a p i e c e .  One s u b j e c t  did not  c o mp l e t e  the  

e x p e r i m e n t ,  e x p l a i n i n g  t h a t  she  found i t  d i f f i c u l t  t o  pay 

a t t e n t i o n  (her  da t a  c o nf i r m t h i s ) ,  and a s e v e n t h  s u b j e c t  

was r e c r u i t e d  as  a r e p l a c e m e n t .  Each s e s s i o n  l a s t e d  from 

25 t o  50 m i n u t e s .  None o f  t h e s e  s u b j e c t s  p a r t i c i p a t e d  in 

e i t h e r  Exper i ment  1 or Exper i ment  3 .  These  s u b j e c t s  were  

in t h e i r  t w e n t i e s  and t h i r t i e s ,  e x c e p t  f o r  one s u b j e c t  in 

her s i x t i e s ;  t h e y  i n c l u d e d  two k e y b o a r d i s t s ,  a g u i t a r i s t ,  a 

s i n g e r ,  a p e r c u s s i o n i s t  and a f l u t i s t .  Years  of  t r a i n i n g  

ranged from 12 t o  2 0 ,  wi t h  a mean of  1 4 . 7 5 .  Three  s u b j e c t s  

had p r o f e s s i o n a l  e x p e r i e n c e ,  and t h e  same t h r e e  had had 

t r a i n i n g  in rhy t hmi c  d i c t a t i o n .
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Pr o c e d u r e

B e c a u s e  o f  t h e  pr o no unc e d  r e l u c t a n c e  o f  many p o t e n t i a l  

s u b j e c t s  t o  make t h e  j o u r n e y  t o  Br o o k l y n  C o l l e g e  ( where  a l l  

t h e  a b o v e - d e s c r i b e d  a p p a r a t u s  i s  h o u s e d ) ,  i t  was n e c e s s a r y  

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

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

d e s c r i b e d  a b o v e ,  and r e s p o n s e  s h e e t s ,  one f o r  each  s t i m u l u s  

o r d e r ,  were  made up.  S u b j e c t s  were  run in v a r i o u s  

l o c a t i o n s  ( i n c l u d i n g ,  a s  i t  t u r n e d  o u t ,  B r o o k l y n  C o l l e g e )  

t h a t  had t h e  same c h a r a c t e r i s t i c s  a s  t he  B r o o k l y n  C o l l e g e  

l o c a t i o n ,  namel y  a)  a q u i e t  room,  and b) no p o s s i b i l i t y  of  

i n t e r r u p t i o n  by p e o p l e  or t e l e p h o n e s .  S u b j e c t s  s a t  a t  a 

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

f e e t  from t h e  p o r t a b l e  t a p e  p l a y e r  use d  to  p r e s e n t  t h e  

s t i m u l i .

S u b j e c t s  we re  a s ke d  t o  i d e n t i f y  t h e  i n t e r v a l  p r e c e d i n g  

t h e  probe  n o t e .  The d u r a t i o n  o f  t h e  f i r s t  n o t e  o f  t he  

rhythm (J or J.) was p r o v i d e d  t o  t h e  s u b j e c t  a f t e r  t h e  

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

on t h e  r e s p o n s e  s h e e t .  For e x a mp l e :

t r i a l  27  f i r s t  n o t e  = J  J* J* J! j  J«f* J. J- 

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

c h o i c e s ;  t h e s e  were  t h e  same on e v e r y  t r i a l .  The s u b j e c t  

kept  t h e  l i n e  f o r  t h e  c u r r e n t  t r i a l  c o v e r e d  w i t h  a c ard  

u n t i l  t h e  s t i m u l u s  had been p l a y e d .  At t h a t  p o i n t  t he
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s u b j e c t  moved t he  card down one l i n e ,  e x p o s i n g  the not e  

v a l u e  o f  the  f i r s t  no t e  of  the  s t i m u l u s  as  we l l  as  t he  

r e s po ns e  c h o i c e s .  S u b j e c t s  responded by c i r c l i n g  the  

a p p r o p r i a t e  c h o i c e .  S u b j e c t s  ue r e  i n s t r u c t e d  to make t h e i r  

r e s p o n s e s  q u i c k l y ,  and ue re  t o l d  a)  t h a t  i n t e r v a l s  

c o r r e s p o n d i n g  t o  each o f  t he  not e  v a l u e s  in t he  r e s p o n s e  

c h o i c e s  uoul d in f a c t  o c c u r ,  and b) t h a t  t hey  s ho u l d  not  

n e c e s s a r i l y  a t t e mpt  to use  a l l  r e s p o n s e s  e q u a l l y  o f t e n .

Each s e s s i o n  began u i t h  the same p r a c t i c e  t r i a l s  used 

in the  r a t i n g  and r e p r o d u c t i o n  e x p e r i m e n t s ,  and,  as  in 

t h o s e  e x p e r i m e n t s ,  s u b j e c t s  ue r e  a l l o u e d  to  r e p e a t  the  

p r a c t i c e  s e s s i o n  as  many t i me s  as  t hey  uanted t o .  Af t e r  

t he  p r a c t i c e  t r i a l s  s u b j e c t s  ue r e  as ked i f  t hey  had any 

q u e s t i o n s ,  and t hen began t h e  e x p e r i me n t a l  t r i a l s .  The 

t r i a l  c y c l e ,  d e s c r i b e d  be l ow,  was comparabl e  t o  t ha t  o f  the  

r a t i n g  and r e p r o d u c t i o n  e x p e r i me n t s  in t h a t  i t  mi ni mi zed  

a c t i o n s  on t he  s u b j e c t ' s  part  and paced t he  exper i ment  

wh i l e  a l l o w i n g  t h e  s u b j e c t  t o  t ake  a break uhen n e c e s s a r y .  

The t r i a l  c y c l e  was as  f o l l o w s :

1.  I n t e r - s t i m u l u s  i n t e r v a l .  There was a t h r e e  s econd  

pause between rhythms on t he  t a p e s ,  dur i ng which the  

e x p e r i me n t e r  p r e s s e d  t he  pause  b ut t o n  on the  t a pe  p l a y e r .  

Once t he  s u b j e c t  had made a r e s p o n s e  and i n d i c a t e d  

r e a d i n e s s  f o r  t h e  next  t r i a l  (or r e q u e s t e d  a b r e a k ) ,  the  

pause but t o n  was r e l e a s e d .
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2 .  Warning s i g n a l .  The s l i g h t  c l i c k  caus e d  by r e l e a s i n g  

t h e  paus e  b u t t o n ,  a s  y e l l  as  t h e  h i s s  o f  t he  t a p e ,  s e r v e d  

t o  n o t i f y  t h e  s u b j e c t  t h a t  a n o t h e r  rhythm was i mmi nent .

3 .  A t t e n t i o n  i n t e r v a l .  Once t h e  paus e  b u t t o n  was 

r e l e a s e d ,  t h e  r e ma i n de r  o f  t h e  t h r e e  s e c o nd  paus e  (on t he  

t a p e )  was in e f f e c t  a random a t t e n t i o n  i n t e r v a l .

4 .  S t i m u l u s  p r e s e n t a t i o n .

5 .  Re s p o n s e .  The paus e  b u t t o n  was p r e s s e d .  The s u b j e c t  

s l i d  t he  card down and made a r e s p o n s e  by c i r c l i n g  t he  

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

S u b j e c t s  were g i v e n  f o ur  s h o r t  br e a ks  in t h e  c o u r s e  of  

each s e s s i o n  when t h e  e x p e r i m e n t e r  i n t e r r u p t e d  t h e  above  

c y c l e  t o  g i v e  t h e  s u b j e c t  t h e  next  r e s p o n s e  s h e e t .

R e s u l t s  3nd D i s c u s s i o n

An a r c s i n  t r a n s f o r m  ( U i n e r ,  1971)  was used to  remove  

t h e  c o r r e l a t i o n  be t we en  c e l l  means and c e l l  v a r i a n c e s  of  

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

showed no e f f e c t s  o f  s e s s i o n  or s t i m u l u s  o r d e r ,  and t h e s e  

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

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

i n a 2 ( s t e m )  x 7 ( p o s i t i o n )  x 3 ( t e mp o )  a n a l y s i s  o f  v a r i a n c e  

d e s i g n  w i t h  r e p e a t e d  me a s u r e s  on a l l  f a c t o r s ;  a s e c o nd  

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

f a c t o r .  Only t h e  main e f f e c t s  o f  probe p o s i t i o n  (F6 , 3 o = 

1 9 . 2 4 ,  p < . 0 1 )  and probe  m e t r i c  l e v e l  ( F z . i o  = 1 1 . 2 7 ,  p <
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. 01 )  are  s i g n i f i c a n t .  Mean p r o p o r t i o n s  of  c o r r e c t  

r e s p o n s e s  f o r  each stem x l e v e l  c o mb i n a t i o n ,  po o l ed  a c r o s s  

p o s i t i o n s ,  s u b j e c t s  and t empos ,  are  shown in Tabl e  2 . 1 .

Mean p r o p o r t i o n s  o f  c o r r e c t  r e s p o n s e s  f or  each stem x probe  

p o s i t i o n  c o mb i n a t i o n ,  s i m i l a r l y  p o o l e d ,  are  shown in Tabl e  

2 .2 .
m e t r i c  l e v e l

mean 
p(C)  
stem 
1engt  h 

3

p(C) 0 1 2 mean

 ̂ l e n g t h :  3 . 39 . 5 0 . 73 . 50
4 . 43 . 6 9 . 77 . 55

Mean proportions of correct responses by metric level

J> JS J J. J-
-  probe p o s i t i o n

1 2 3 4 5 6 7

. 89 . 86 .31 . 5 0 . 16 .61 . 18
(0) (2) (0) (1) (0) (2) <0)
. 85 . 85 . 4 0 . 7 7 . 26 . 52 .21
(0) (1) <0> (2) (0) (1) (0)

( m e t r i c  l e v e l  in ()  )

Table 2. 2 Mean proportions of correct responses by probe position. 

U h i l e  t h e r e  i s  no s i g n i f i c a n t  e f f e c t  of  s tem l e n g t h ,  the  

h i g h e r  p r o p o r t i o n s  o f  c o r r e c t  r e s p o n s e s  f o r  t he  f o u r - n o t e  

stem are  c o n s i s t e n t  wi t h  t he  h i g h e r  r a t i n g s  f o r  t ha t  stem 

in t he  p r e v i o u s  e x p e r i me n t .  F i g u r e  2 . 1  shows each  

s u b j e c t ’ s p r o p o r t i o n  of  c o r r e c t  r e s p o n s e s  f o r  each p o s i t i o n  

f o r  each s t em,  p o o l e d  a c r o s s  t empos ,  and F i g u r e  2 . 2  shows  

the  same da t a  p o o l e d  a c r o s s  s u b j e c t s .  The 

s t i m u l u s / r e s p o n s e  c o n f u s i o n  m a t r i x ,  poo l ed  a c r o s s  s u b j e c t s ,  

s t ems  and t empos ,  i s  shown in Tabl e  2 . 3 .
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Fig. 2. 1 Mean proportion correct For each subject in the 
identification task.
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Fig. 2. 2 Mean proportion correct for all subjects in the 
identification experiment.
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probe  p o s i t i o n
f r e q u e n c y 1 2 3 4 5 6 7' t o t a l rank

r e s p o n s e  1 376 10 5 3 5 2 1 402 4
r e s p o n s e  2 49 370 78 25 17 11 14 564 3
r e s p o n s e  3 5 15 152 40 26 25 25 288 5
r e s p o n s e  4 2 28 120 278 129 80 52 6 8 6 2
r e s p o n s e  5 0 2 28 15 92 45 46 228 6
r e s p o n s e  6 0 5 42 69 141 243 210 710 1
r e s p o n s e  7 0 2 7 5 22 26 84 146 7

432 432 432 432 432 432 432

Table 2. 3 Stimulus/response confusion matrix.

There are  s e v e r a l  g e n e r a l  f e a t u r e s  o f  t h e s e  d a t a .

F i r s t ,  pe r f o r ma nc e  g e n e r a l l y  d e c l i n e s  wi t h  i n c r e a s i n g  de l a y  

of  t he  probe n o t e .  Th i s  i s  c o n s i s t e n t  wi t h  t he  g e n e r a l  

p r e d i c t i o n s  o f  t h e  Ueber*s  1au mode l ,  in which c o n f u s i o n  

among n e i g h b o r i n g  p o s i t i o n s  i s  g r e a t e r  t he  l a t e r  t he  probe  

p o s i t i o n .  Th i s  can be s e e n  in t h e  c o n f u s i o n  ma t r i x  and in 

F i g u r e  2 . 3 ,  in whi ch t he  l e v e l i n g - o f f  o f  t he  c urve  

i n d i c a t e s  s m a l l e r  d i f f e r e n c e s  in mean r e s p o n s e s  f o r  l a t e r  

probe p o s i t i o n s ,  i n d i c a t i n g  t h a t  l a t e r  probe p o s i t i o n s  are  

l e s s  we l l  d i s c r i m i n a t e d  from one a n o t h e r  than e a r l i e r  

p o s i t i o n s .  T h i s  i s  a l s o  r e f l e c t e d  in t he  growth o f  e r r o r  

bars  t hrough t h e  f i r s t  t h r e e  p o s i t i o n s .  I t  i s  p o s s i b l e  

t ha t  e r r o r  r e a c h e s  a maximum at  p o s i t i o n  3 ,  but  t he  f a c t  

t h a i  s u b j e c t s  r a r e l y  used r e s p o n s e s  6 and 7 l i m i t s  t he  s i z e  

of  :ne  e r r o r  bar s  f o r  t he  l a t e r  p o s i t i o n s .  The c o n f u s i o n  

m a t r i x ,  on t he  o t h e r  hand,  shows t h a t  e r r o r ,  in t erms  of  

d e v i a t i o n s  from c o r r e c t  r e s p o n s e s ,  grows over  t he  whol e  

range  o f  probe  p o s i t i o n s ,  a s  p r e d i c t e d  by Ueber *s  law.
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Fig. 2. 3 Mean identification responses for all subjects. Error bars 
are standard deviations.
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F i g u r e  2 . 3  a l s o  shows t h a t  l a t e r  p o s i t i o n s  are  p e r c e i v e d  as  

be i n g  e a r l i e r  than t hey  a r e ;  t h i s  r e p l i c a t e s  r e s u l t s  from 

S t e r n b e r g  and h i s  c o l l e a g u e s  ( S t e r n b e r g ,  Knol l  8. Zukof sky ,  

1982) i n  a judgment  t a s k .  S e c o n d ,  d i f f e r e n c e s  in 

p r o p o r t i o n s  o f  c o r r e c t  r e s p o n s e s  from p o s i t i o n  t o  p o s i t i o n  

a r e ,  on t h e  w h o l e ,  as  p r e d i c t e d .  S p e c i f i c a l l y ,  the  

p o s i t i o n s  wi t h  h i g h e r  m e t r i c  l e v e l s  (1 or 2)  t end to  have  

h i g h e r  p r o p o r t i o n s  c o r r e c t  than t h e i r  n e i g h b o r s .  An 

o b v i o u s  e x c e p t i o n  i s  t he  h i gh per f or mance  at  p o s i t i o n  1 

( s e e  b e l o w ) .

U h i l e  t h e s e  a s p e c t s  o f  t h e  da t a  a r e  c o n s i s t e n t  wi t h  

BEATS* p r e d i c t i o n s ,  t h e r e  a r e  two arguments  f o r  a s i mp l e r  

r e s p o n s e  b i a s  i n t e r p r e t a t i o n .  F i r s t ,  t h e  c h o i c e s ,  in t he  

p e n c i 1- a n d - p a p e r  t a s k ,  c o r r e s p o n d i n g  to  p o s i t i o n s  2 ,  4 and 

6 are  J4, J ,  and J., r e s p e c t i v e l y .  These  n o t e  v a l u e s  occur  

more o f t e n  i n most  mus i c  t han do t he  v a l u e s  c o r r e s p o n d i n g  

to  p o s i t i o n s  3 ,  5 and 7 .  Mor eove r ,  wi t h  both s t e ms  t h e s e  

v a l u e s  form s e q u e n c e s  t h a t  a r e  more l i k e l y  to be f a m i l i a r .  

S e c o n d l y ,  s e v e r a l  s u b j e c t s  per f ormed at  or be l ow chance  

( about  14% c o r r e c t )  at  p o s i t i o n s  3 ,  5 and 7 .  I t  seems  

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

c o r r e s p o n d i n g  t o  more f a m i l i a r  n o t e  v a l u e s  or rhyt hms .  As 

shown in Ta b l e  2 . 4  and in F i g u r e s  2 . 4  and 2 . 5 ,  t h e  mean 

p r o p o r t i o n s  o f  t r i a l s  on whi ch each r e s p o n s e  was used  

i n d i c a t e s  t h a t ,  wi t h  both s t e m s ,  s u b j e c t s  di d a v o i d
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Fig. 2. 4 Distributions of identification responses for each subject.
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r e s p o n s e s  3 ,  5 and 7 .  S u b j e c t  5 a v o i d e d  r e s p o n s e  7 

al  t o g e t h e r .

r e s p o n s e
Ji J J. J-

3 - n o t e  s t em

4 - n o t e  s tem

14 . 1 9  . 1 0  . 1 9  . 0 6  . 26  . 0 5

13 . 1 9  . 0 9  . 2 7  . 0 9  .21 . 0 5

Table 2. 4 Mean proportion of total responses for each stem.

The r e s p o n s e  b i a s  i n t e r p r e t a t i o n  i s  borne out  by f i t t i n g  a

T h u r s t o n i a n  model  ( Mc N i c o l , 1972)  t o  t he  i d e n t i f i c a t i o n  

d a t a ,  p o o l e d  a c r o s s  s u b j e c t s .  Such a model  r e p r e s e n t s  t he  

s u b j e c t ' s  t a s k  i n s i g n a l - d e t e c t i o n  t e r ms ,  and a c c o u n t s  f o r  

t he  d a t a  by e s t a b l i s h i n g  t h e  d i s t a n c e  between means < d ' ) of  

t he  s e n s o r y  d i s t r i b u t i o n s  o f  each o f  the  s t i m u l i  ( i n  t h i s  

c a s e  t h e  s e v e n  probe  p o s i t i o n s )  and by i d e n t i f y i n g  t he  

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

probe p o s i t i o n

both s t ems  
d’

s . d . 1*0

3 - n o t e  s tem
d'

s . d

4 - n o t e  s tem
d'

s . d . 1.0

2 3 4 5 5 7

1 . 8 8 0 . 4 4 0 . 1 3 0 . 2 6 0 . 1 5 0 . 2 2

. 0  0 .40 0 .46 0 .44 0 55 0 .54 0.

1 .91 0 . 2 7 0 . 2 2 0 . 2 5 0 . 0 8 0 . 2 9

oo

38 0 46 0 42 0 57 0 50 0 .

1 . 8 8 0 . 6 9 0 . 1 0 0 . 2 8 0 . 3 0 0 . 3 0

0 . 4 7  0 . 5 5  0 . 5 0  0 . 6 0  0 . 7 0  0 . 8 6

Table 2. 5 d' values and standard deviations from the Thurstonian 
model of the identification data.

The d ' s  a r e  shown in Tabl e  2 . 5 ,  a l o n g  wi t h  t h e  s t a n d a r d
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d e v i a t i o n s  o f  t h e  s e n s o r y  d i s t r i b u t i o n s .  The s t a n d a r d  

d e v i a t i o n s  a r e  e x p r e s s e d  i n t e r ms  o f  t h e  s t a n d a r d  d e v i a t i o n  

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

1 . 0 .  The i n c r e a s i n g  d i s p e r s i o n  o f  t h e  s e n s o r y  

d i s t r i b u t i o n s  o f  l a t e r  probe  p o s i t i o n s  i s  p r e d i c t e d  by t he  

IJeber* s 1 au model  p r o p o s e d  e a r l i e r .  The d* v a l u e s  a r e  

r e p r e s e n t e d  g r a p h i c a l l y  in F i g u r e s  2 . 6  and 2 . 7 ,  u h i c h  shou  

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

as  t h e  l o c a t i o n s  o f  t h e  r e s p o n s e  c r i t e r i a .  The i n c r e a s i n g  

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

d i s t r i b u t i o n s  a c c o u n t  f o r  t h e  1ouer  p r o p o r t i o n s  o f  c o r r e c t  

r e s p o n s e s  f o r  t h e  l a t e r  p o s i t i o n s  ( s e e  F i g u r e  2 . 2 ) ,  u h i l e  

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

t h a t  a c c o u n t  f o r  t h e  h i g h e r  p r o p o r t i o n s  o f  r e s p o n s e s  2 ,  4 

and 6 ( s e e  F i g u r e  2 . 5 ) .  T a b l e  2 . 5  and F i g u r e  2 . 7  shou t ha t  

t h e  s e n s o r y  d i s t r i b u t i o n s  a s s o c i a t e d  u i t h  t h e  f o u r - n o t e  

s t e m a r e  s omeuhat  more s e p a r a t e d  f rom one a n o t h e r .  Th i s  

may r e f l e c t  more p r e c i s e  e x p e c t a t i o n s  r e g a r d i n g  t h e  probe  

n o t e  ( S c h u l z e ,  1 989)  a f t e r  h e a r i n g  f o u r  n o t e s  as  o ppos e d  to  

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

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

h i g h e r  s e n s o r y  v a r i a n c e .

The T h u r s t o n i a n  model  a l s o  e x p l a i n s  t h e  u n p r e d i c t e d  

h i g h  p e r f o r m a n c e  i n  p o s i t i o n  1.  The l a r g e  d i s p e r s i o n  o f  

t h e  s e n s o r y  d i s t r i b u t i o n  f o r  p o s i t i o n  1 i s  o f f s e t  by t h e
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Fig. 2.6 A Thurstonian model of the Identification data, showing the sensory distributions 
of the seven probe positions and the decision criteria, scaled in units of the first distribution.
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of the seven probe positions and the decision criteria, scaled in units of the first distribution.
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l a r g e  d’ f o r  p o s i t i o n s  1 and 2 ,  uh i c h  mi n i mi z e s  o v e r l a p  of  

t he  tuo d i s t r i b u t i o n s .  In a d d i t i o n ,  t he  c r i t e r i o n  

pl acement  mi n i mi z e s  r e s p o n s e s  o f  "2" t o  s t i m u l i  i n  the  

f i r s t  p o s i t i o n .  F i n a l l y ,  in t h o s e  c a s e s  i n uh i c h  the probe  

i s  p e r c e i v e d  to  occur  at  an e a r l i e r  p o s i t i o n  ( i . e .  in the  

l e f t  t a i l  o f  t he  p o s i t i o n  1 d i s t r i b u t i o n ) ,  r e s p o n s e  1 

remai ns  t he  e a r l i e s t  r e s p o n s e  t he  s u b j e c t  can make.

Assuming s u b j e c t s  make the  r e s p o n s e  t ha t  most c l o s e l y  

a p p r o x i ma t e s  uhat  t he y  t h i n k  t h e y  have heard,  p r o p o r t i o n  

c o r r e c t  u i l l  b e n e f i t  from t he  f a c t  t ha t  p o s i t i o n  1 i s  the  

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

U h i l e  r e s p o n s e  b i a s  c l e a r l y  had a l a r g e  r o l e  in  

d e t e r mi n i n g  s u b j e c t s ’ r e s p o n s e s ,  t h e r e  are  a s p e c t s  of  the  

dat a  t h a t  s u g g e s t  t h a t  r e s p o n s e  b i a s  i s  not  t he  e n t i r e  

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

t ha t  t he  f r e q u e n c y  d i s t r i b u t i o n s  o f  r e s p o n s e s  u i l l  be the  

same f o r  both s tem l e n g t h s .  Houever ,  the  d i s t r i b u t i o n s  

d i f f e r  from one a n o t h e r  at  r e s p o n s e  4 ( c h i  square  = 2 6 . 2 ,  p 

< . 0 1 )  and a t  r e s p o n s e  6 ( c h i  s qua r e  = 1 3 . 6 ,  p < . 0 1 ) .  The 

d i r e c t i o n  o f  t he  d i f f e r e n c e s  b e t u e e n  d i s t r i b u t i o n s  f o r  

t h e s e  r e s p o n s e s  i s  c o n s i s t e n t  u i t h  t he  BEATS h y p o t h e s i s .  

Second,  t he  BEATS h y p o t h e s i s  p r e d i c t s  h i g h e r  per f ormance  at  

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

perf ormance  s ho u l d  d i f f e r  from one s tem to t he  o t h e r  i f  

t h a t  p o s i t i o n  has  a d i f f e r e n t  m e t r i c  l e v e l  in each s t em.
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Re s pons e  b i a s ,  on t h e  o t h e r  hand,  a s s umes  p r e f e r e n c e  f o r  

r e s p o n s e s  on t h e  b a s i s  o f  p o s i t i o n  r a t h e r  than m e t r i c  

l e v e l ,  and t h e r e f o r e  p r e d i c t s  no s uch  d i f f e r e n c e  in  

p e r f o r m a n c e .  At p o s i t i o n  4 ,  t h e  t h r e e - n o t e  s t e m ’ s probe  i s  

a t  m e t r i c  l e v e l  1 whi ' le t h e  foui— n o t e  s t e m’ s probe  i s  at  

l e v e l  2 .  C o n v e r s e l y ,  a t  p o s i t i o n  6 t h e  t h r e e - n o t e  s t e m ’ s 

probe  i s  a t  l e v e l  2 u h i l e  t h e  f o u r - n o t e  s t e m ’ s probe  i s  at  

l e v e l  1 .  The r e s u l t i n g  BEATS p r e d i c t i o n  i s  d e p i c t e d  b e l o u .  

p e r f o r ma n c e  pos  4 pos  6

3 - n o t e  1ou h i gh
s t  em

4 - n o t e  h i g h  low

Over t h e  s i x  s u b j e c t s  t h e s e  f o u r  c o mp a r i s o n s  ( e a c h  row and 

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

in 18 o f  24  (6 s u b j e c t s  x 4  c o m p a r i s o n s )  c a s e s }  o f  t h e s e ,  

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

U h i l e  t h e  o v e r a l l  d e c l i n e  i n p e r f o r ma n c e  wi t h  l a t e r  

p o s i t i o n s  may a c c o u n t  f o r  t h e  d i f f e r e n c e  be t we en  p o s i t i o n s  

4 and 6 i n  t h e  foui— n o t e  s t e m,  i t  cannot  e x p l a i n  t h e  same 

d i f f e r e n c e  i n  t h e  t h r e e - n o t e  s t e m.  L i k e w i s e ,  n e i t h e r  

o v e r a l l  d e c l i n e  nor r e s p o n s e  b i a s  a c c o u n t  f o r  d i f f e r e n c e s  

be t we en  s t e ms  a t  p o s i t i o n  4 and a t  p o s i t i o n  6 .

Thes e  d i f f e r e n c e s  s u g g e s t  t h a t  i n a d d i t i o n  t o  a 

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

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

p r e d i c t e d  by BEATS. A d e s i g n  t h a t  a v o i d s  c o n f o u n d i n g
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BEATS' p r e d i c t i o n s  u i t h  f a m i l i a r  not e  v a l u e s  and rhyt hmi c  

f i g u r e s  s ho u l d  d e mo ns t r a t e  more c l e a r l y  t h e  i n f l u e n c e  of  

me t r i c  h i e r a r c h i e s  in i d e n t i f i c a t i o n  t a s k s .

4 .  Exper i ment  3:  Reproduci ng t he  Me t r i c  Probes  

Sub. i ec t s

S i x  m u s i c a l l y  t r a i n e d  s u b j e c t s  p a r t i c i p a t e d  in s i x  

s e s s i o n s  a p i e c e .  Each s e s s i o n  l a s t e d  a p p r o x i m a t e l y  30  

m i n u t e s .  None o f  t h e s e  s u b j e c t s  had p a r t i c i p a t e d  in e i t h e r  

Experi ment  1 or Exper i ment  2 .  These  s u b j e c t s  ranged in age  

from l a t e  t e e n s  t o  e a r l y  t h i r t i e s ;  t hey  i n c l u d e d  tuo  

p i a n i s t s ,  a v i o l i n i s t ,  a g u i t a r i s t ,  a f l u t i s t  and a 

t r u mp e t e r .  F i v e  s u b j e c t s  had p r o f e s s i o n a l  e x p e r i e n c e ,  and 

f i v e  had had t r a i n i n g  in rhyt hmi c  d i c t a t i o n .

Apparatus

S t i m u l i  u e r e  p r e s e n t e d ,  and r e s p o n s e s  c o l l e c t e d ,  by a 

Turbo Pas ca l  program,  TPROBE, runni ng  on an AT- t ype  

computer .  For s t i m u l u s  p r e s e n t a t i o n ,  TPROBE c o n t r o l l e d  t he  

same a p p a r a t u s  used in t he  r a t i n g  e x p e r i m e n t .  S u b j e c t s  

made r e p r o d u c t i o n  r e s p o n s e s  by t a p p i n g  on a MIDI drum pad 

(Roland MPD-4) c o n n e c t e d  v i a  a MIDI i n t e r f a c e  (a common 

data p r o t o c o l  f o r  l i n k i n g  e l e c t r o n i c  i n s t r u m e n t s  and 

computers  (Loy,  1985; MIDI Ma n u f a c t u r e r s  A s s o c i a t i o n ,

1985) )  t o  t he  comput er .  The drum pad uas  mounted i n s i d e  a 

smal l  c o v e r e d  uooden box.  A uooden knob,  c o n n e c t e d  by a
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hi nge d  l e v e r  t o  t h e  box ,  p r o t r u d e d  t hrough a h o l e  in t he  

c o v e r .  A s mal l  s t e e l  b a l l  was a t t a c h e d  t o  t h e  end o f  the  

l e v e r  d i r e c t l y  under t h e  knob,  i n such a way t h a t  p r e s s u r e  

on the  knob bro ug ht  t h e  b a l l  i n t o  c o n t a c t  u i t h  t h e  drum pad 

i n s i d e  t h e  box.  Uhen t h e  knob uas  r e l e a s e d  a s t r i p  o f  

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

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

knob’ s r e s t i n g  p o s i t i o n  and t h e  s u r f a c e  o f  t he  drum pad uas  

a p p r o x i m a t e l y  t uo  m i l l i m e t e r s .

Pr oce dur e

S u b j e c t s  u e r e  run in a s o u n d - a t t e n u a t i n g  boot h i n s i d e  a 

s m a l l ,  c l o s e d  room.  Communi cat i on b e t u e e n  t he  s u b j e c t  and 

t h e  computer  uas  t hr o ug h  t h e  smal l  t e r mi n a l  i n t he  

s u b j e c t ’ s b o o t h .  The t e r m i n a l ’ s c u r s o r  uas  t ur ne d  o f f  to  

p r e v e n t  i t s  b l i n k i n g  from i n t e r f e r i n g  u i t h  s t i m u l i  or 

r e s p o n s e s .

Each s e s s i o n  began u i t h  u r i t t e n  i n s t r u c t i o n s ,  f o l l o u e d  

by a s e r i e s  o f  p r a c t i c e  t r i a l s .  S u b j e c t s  u e r e  t o l d  in 

advance  t h a t  none o f  t h e  p r a c t i c e  s t i m u l i  uoul d  appear  in 

t h e  e x p e r i m e n t .  In t h e  p r a c t i c e  t r i a l s  t he  s u b j e c t  uas  

as ked t o  r e p r o d u c e  rhythms by t a p p i n g  on t he  drum pad.  

S u b j e c t s  u e r e  not  p e r m i t t e d  t o  r e p e a t  an i n d i v i d u a l  

p r a c t i c e  t r i a l ,  but  a f t e r  t h e  l a s t  p r a c t i c e  t r i a l  t hey  uer e  

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

p r a c t i c e  s e s s i o n  c o u l d  be r e p e a t e d  a s  o f t e n  a s  t he  s u b j e c t
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l i k e d .  S u b j e c t s  u e r e  e n c o u r a g e d  t o  r e p e a t  t h e  p r a c t i c e  

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

t h e  p r o c e d u r e .

A f t e r  t h e  p r a c t i c e  t r i a l s  s u b j e c t s  u e r e  a s k e d  i f  t h e y  

had any q u e s t i o n s ,  and t h e n  be g a n  t h e  e x p e r i m e n t a l  t r i a l s .  

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

m i n i m i z i n g  k e y s t r o k e s  and by p a c i n g  t h e  e x p e r i m e n t  u h i l e  

a l l o u i n g  t h e  s u b j e c t  t o  r e s t  uhen n e c e s s a r y .  The t r i a l  

c y c l e  uas  a s  f o l l o u s :

1.  I n t e r —s t i m u 1 us  i n t e r v a l .  The c omput er  p a u s e d .  Dur i ng  

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

program ( t o  r e s t  b r i e f l y ,  r e p o s i t i o n  t e r m i n a l ,  c h a i r ,  drum 

pad,  e t c . )  by p r e s s i n g  t h e  t e r m i n a l ' s  <ESC> k e y .  T h i s  

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

s u b j e c t  t o  h i t  any key t o  r e s u m e .  A l t e r n a t i v e l y ,  t h e  

s u b j e c t  c o u l d  end t h e  i n t e r - s t i m u l u s  i n t e r v a l  i m m e d i a t e l y  

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

i n t e r - s t i m u l u s  i n t e r v a l  c o u l d  be t o g g l e d  b e t u e e n  l o n g  ( t u o  

and a h a l f  s e c o n d s )  and s h o r t  ( one  s e c o n d )  by p r e s s i n g  t h e  

' S '  ( s l o u )  and ' F' ( f a s t )  k e y s  d u r i n g  t h i s  i n t e r v a l .

2 .  Warning t o n e .  The t e r m i n a l  b e e p e d .  The comput er  d i d  

not  r e s p o n d  t o  any o f  t h e  k e y s  m e n t i o n e d  a bove  a f t e r  t h i s .

3 .  A t t e n t i o n  i n t e r v a l .  F o l l o w i n g  t h e  u a r n i n g  t o n e  u a s  a 

p a u s e  f o r  a random p e r i o d  i n  t h e  r a n g e  1000  -  1400  

m i l l i s e c o n d s .  Any d u r a t i o n  i n  t h i s  r a n g e  i s  l o n g e r  t han
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t he  f i r s t  i n t e r v a l  o f  any o f  t h e  s t i m u l i .  T h i s ,  in 

c o n j u n c t i o n  u i t h  t h e  f a c t  t h a t  t h e  u a r n i n g  t one  i s  

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

p r e v e n t e d  t he  u a r n i n g  t o n e  from becomi ng par t  o f  t he  

s t  i m u l u s .

4 .  S t i m u l u s  p r e s e n t a t i o n .

5 .  Re s p o n s e .  The computer u a i t e d  f o r  t h e  s u b j e c t  t o  t a p .

6 .  End of  r e s p o n s e .  A t a p p i n g  r e s p o n s e  uas  c o n s i d e r e d  

f i n i s h e d  uhen,  a f t e r  t he  s u b j e c t  had begun t a p p i n g ,  tuo  

s e c o n d s  p a s s e d  u i t h o u t  a t a p .  Th i s  uas  done t o  a l l o u  the  

s u b j e c t  t o  keep h i s / h e r  hand on t h e  drum pad b e t u e e n  

t r i a l s .

R e s u l t s  and D i s c u s s i o n

Al l  dependent  v a r i a b l e s  used in t h e s e  a n a l y s e s  a r e  

based on t he  t a p p i n g  e r r o r ,  i . e .  t h e  d i f f e r e n c e  b e t u e e n  t he  

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

by t he  s u b j e c t .  P r o p o r t i o n a l  e r r o r s  ( i . e .  t he  t a p p i n g  

e r r o r  e x p r e s s e d  a s  an u n s i g n e d  p r o p o r t i o n  o f  t he  f i n a l  

s t i m u l u s  i n t e r v a l )  f o r  each s u b j e c t  are  shoun i n F i g u r e  3 . 1  

( t h r e e - n o t e  s t em)  and F i g u r e  3 . 2  ( f o u r - n o t e  s t e m ) ,  and 

summarized i n F i g u r e  3 . 3 .  flean p r o p o r t i o n a l  e r r o r s  f o r  

each s tem x l e v e l  c o m b i n a t i o n ,  p o o l e d  a c r o s s  p o s i t i o n s ,  

s u b j e c t s  and t e mpo s ,  a r e  shoun i n  Tabl e  3 . 1 .
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m e t r i c  l e v e l  
0 1 2  mean

s tem l e n g t h :  3 
4

mean

0 . 2 5  0 . 2 5  0 . 1 6  0 . 2 2
0 . 2 0  0 . 1 5  0 . 1 8  0 . 1 8
0 . 2 2  0 . 1 8  0 . 1 7  0 . 2 0

Table 3. 1 Mean proportional reproduction errors by metric level.

P r e l i m i n a r y  a n a l y s i s  showed no e f f e c t s  o f  s e s s i o n  or 

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

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

each s u b j e c t  were  a n a l y z e d  i n  a 2 ( s t e m )  x 7 ( p o s i t i o n )  x 

3 ( t e mp o )  a n a l y s i s  o f  v a r i a n c e  d e s i g n  w i t h  r e p e a t e d  me a s ure s  

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

f a c t o r  w i t h  t h e  l e v e l  f a c t o r .  There  i s  a s i g n i f i c a n t  

e f f e c t  o f  s t em l e n g t h  (Fi , s = 8 . 0 ,  p < . 0 5 ) .  As shown 

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

t h e  l o n g e r  s t e m)  i s  c o n s i s t e n t  w i t h  t h e  h i g h e r  r a t i n g s  and 

t he  h i g h e r  p r o p o r t i o n  o f  c o r r e c t  r e s p o n s e s  f o r  t h e  l o n g e r  

s t em f ound in t h e  f i r s t  two e x p e r i m e n t s .  The e f f e c t  o f  

m e t r i c  l e v e l  i s  a l s o  s i g n i f i c a n t  ( Fz , i o  = 6 . 0 ,  p < . 0 5 ) ;  as  

shown a b o v e ,  e r r o r s  a r e  s m a l l e r  f o r  h i g h e r  l e v e l s .  There  

a r e  a l s o  s i g n i f i c a n t  i n t e r a c t i o n s  o f  p o s i t i o n  x tempo  

(F 1 2 1 a o = 3 . 1 4 ,  p < . 0 1 )  and o f  s t em l e n g t h  x p o s i t i o n  x 

tempo (F t 2 f ao = 3 . 0 ,  p < . 0 1 ) .

There  i s  a s i g n i f i c a n t  e f f e c t  o f  probe  p o s i t i o n  ( F6 , 3 o 

= 5 . 5 8 ,  p < . 0 1 ) .  Mean p r o p o r t i o n a l  e r r o r s  f o r  each  s tem x 

p o s i t i o n  c o m b i n a t i o n ,  p o o l e d  a c r o s s  s u b j e c t s  and t e mp o s ,  

a r e  shown i n Ta b l e  3 . 2 .
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mean prop.
e r r o r  - - - - - -  probe p o s i t i o n
stem 
1engt h  

3

1 2 3 4 5 6 7

. 2 4 . 12 . 34 . 2 5 . 22 . 2 0 . 18
(0) (2) (0) ( 1) (0) (2) (0)

4 . 1 9 .11 . 2 7 . 18 . 16 . 1 9 . 19
(0) (1) (0) ( 2) (0) (1) (0)

( m e t r i c 1 e v e l i n () )

Table 3. 2 Mean proportional reproduction errors by probe position.

The probe i n t e r v a l  can be e x p r e s s e d  as  a t i me  i n t e r v a l  

(which depends  on t e mpo ) ,  as  a n o t e  v a l u e  ( e . g .  J1, J ,  J , 

whi ch i s  i n d e pe nde nt  o f  t e mp o ) ,  or in t erms  o f  t he  m e t r i c  

l e v e l  o f  a n o t e  v a l u e  (whi ch i s  a l s o  i nde pe nde nt  o f  t empo) .  

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

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

t i me  p e r c e p t i o n / p r o d u c t i o n  h y p o t h e s i s  p r e d i c t s  t h a t  t ime  

i n t e r v a l s  w i l l  do t he  b e s t  j o b .  A t h i r d  h y p o t h e s i s  might  

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

a c c u r a c y  w i l l  be a f u n c t i o n  o f  t h e  probe i n t e r v a l ’ s no t e  

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

can be d i s t i n g u i s h e d  by t h e i r  p r e d i c t i o n s  r e g a r d i n g  12 

p a i r s  of  s t i m u l i  ( s i x  f o r  each s t em)  in which t he  two probe  

i n t e r v a l s  r e p r e s e n t  t h e  same t i me  i n t e r v a l  but d i f f e r e n t  

n ot e  v a l u e s  and in some c a s e s  d i f f e r e n t  m e t r i c  l e v e l s .

These  p a i r s  a r e  l i s t e d  in Tabl e  3 . 3 ,  t o g e t h e r  wi t h  mean 

a b s o l u t e  e r r o r s .  T - t e s t s  (<x = . 0 5 )  were used to  compare  

t h e s e  means f o r  each s t i m u l u s  p a i r ;  s i g n i f i c a n t  d i f f e r e n c e s
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are  i n d i c a t e d  by < and >,  n o n - s i g n i f i c a n t  d i f f e r e n c e s  by < 

and >.

mean a b s o l u t e
—  s t i m u l u s  1 / 2  —  e r r o r  ( m s e c . )  —  h y p o t h e s e s  —

;tem note l e v e l  t ime st  im 1 s t  im 2 t ime note met r

3 J»/J* 0 / 2 20 0 / 2 0 0 47 . 1 > 18.1 _ < >
4 J»/J> 0 / 1 2 0 0 / 2 0 0 3 3 . 6 > 15 . 5 = < >

3 JVJS 2 / 0 3 0 0 / 3 0 0 4 0 . 2 < 109 . 7 - <
4 J'/Jl 1 / 0 3 0 0 / 30 0 2 9 . 0 <' 80 . 1 — < <

3 JVJ 2/ 1 4 0 0 / 4 0 0 51 .8 < 95 . 1 - <’ <
4 JVJ 1 / 2 4 0 0 / 4 0 0 6 3 . 6 < 9 4 . 4 = < >

3 Ji/J. 0 / 2 6 0 0 / 6 0 0 1 9 5 . 5 > 126 . 6 - \
4 J5/J. 0 / 1 60 0 / 6 0 0 131 .3 > 128 . 3 < >

3 0 / 0 7 0 0 / 7 0 0 1 7 4 . 4 > 147 . 9 = <
4 0 / 0 7 0 0 / 7 0 0 9 3 . 0 < 143 . 5 < rr

3 JJ>/J~ 0 / 0 1000 / 1000 1 9 6 . 7 > 18 2 . 2 = < =
4 JJ»/J- 0 / 0 1000 / 100 0 147. 1 < 156 . 0 = < =

Table 3. 3 Contrasts of stimulus pairs Hith the same probe interval. 

Ta bl e  3 . 3  a l s o  shows t h e  d i r e c t i o n  o f  t he  d i f f e r e n c e  

bet ween means p r e d i c t e d  by e ach  h y p o t h e s i s .  For e xa mpl e ,  

in t h e  f i r s t  p a i r  t he  mean e r r o r  f o r  t h e  f i r s t  s t i m u l u s  i s  

s i g n i f i c a n t l y  g r e a t e r  than t h e  mean e r r o r  f o r  t he  s e c o nd  

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

t he  s e c o n d  p a i r ,  on t he  o t h e r  hand,  t h e r e  i s  no s i g n i f i c a n t  

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

but t he  d i r e c t i o n  o f  t h e  d i f f e r e n c e  i s  t h a t  p r e d i c t e d  by 

t h e  m e t r i c  l e v e l  h y p o t h e s i s .  The t i me  i n t e r v a l  h y p o t h e s i s  

makes t he  same p r e d i c t i o n  in a l l  c a s e s ,  namely t h a t  t he  

e r r o r s  s h o u l d  not  d i f f e r  s i g n i f i c a n t l y .  L i k e w i s e  the  n o t e
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v a l u e  h y p o t h e s i s  makes t he  same p r e d i c t i o n  in a l l  c a s e s ,  

namely t h a t  e r r o r s  s ho u l d  be s m a l l e r  f o r  s m a l l e r  no t e  

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

probe wi t h  t h e  h i g h e r  m e t r i c  l e v e l  s h o u l d  have t h e  s m a l l e r  

e r r o r ,  and t h a t  uhen both pr obes  have th e  same m e t r i c  l e v e l  

t h e i r  e r r o r s  s h o u l d  not  d i f f e r  s i g n i f i c a n t l y .  The above  

t a b l e  does  not  unambi guous l y  r u l e  out  any o f  t h e s e  

h y p o t h e s e s .  There  a r e  s e v e n  c a s e s  in uh i c h  t h e  t i me  

i n t e r v a l  h y p o t h e s i s  cannot  be r e j e c t e d ,  but f i v e  in uh i ch  

i t  can.  U h i l e  t h e  o t h e r  h y p o t h e s e s  cannot  f o r  t h e  most  

part  be framed as  n u l l  h y p o t h e s e s ,  t h e i r  p r e d i c t i o n s  can be 

compared t o  t h e  d i r e c t i o n  o f  t h e  d i f f e r e n c e  b e t u e e n  means .  

The not e  v a l u e  h y p o t h e s i s  p r e d i c t s  f o u r  o f  t h e  f i v e  

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

t h e  mean d i f f e r e n c e s .  The m e t r i c  l e v e l  h y p o t h e s i s  p r e d i c t s  

f o ur  o f  t he  s i g n i f i c a n t  d i f f e r e n c e s ,  and over  a l l  a g r e e s  

u i t h  t en  o f  t h e  mean d i f f e r e n c e s .  The n o t e  v a l u e  and 

m e t r i c  l e v e l  h y p o t h e s e s  can be c a s t  as  n u l l  h y p o t h e s e s  by 

c o n t r a s t i n g  mean e r r o r s  f o r  s t i m u l u s  p a i r s  ha v i n g  t he  same 

probe p o s i t i o n  (and hence  t he  same n o t e  v a l u e  and m e t r i c  

l e v e l )  but d i f f e r i n g  in t empo.  Comparing means a c r o s s  each  

o f  t he  t h r e e  p a i r s  o f  t empos at  each o f  t he  s e v e n  probe  

p o s i t i o n s  y i e l d s  21 c o mp a r i s o n s  f o r  each s t e m.  T - t e s t s  (cx 

= . 05)  were used t o  compare t h e s e  means f o r  each s t i m u l u s  

p a i r  and a r e  summarized in Tabl e  3 . 4 ;  s i g n i f i c a n t
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d i f f e r e n c e s  a r e  i n d i c a t e d  by < and >,  n o n - s i g n i f i c a n t  

d i f f e r e n c e s  by < and >.

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

< 1 ------
< 5 n o t e ,  m e t r i c
> 22 n o t e ,  m e t r i c
> 14 t ime

Table 3. 4 Summary of contrasts of stimulus pairs with the same probe 
position.

Three  o f  t h e  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 a b l e  3 . 3  are  

p r e d i c t e d  by bot h  t h e  n o t e  v a l u e  and m e t r i c  l e v e l  

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

l e v e l ,  and m e t r i c  l e v e l  d o e s  not  d e t e r m i n e  n o t e  v a l u e ,  t he  

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

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

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

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

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

e n t i r e l y ,  a c o h e r e n t  g e n e r a l  a c c o u n t  o f  t h e  d a t a  can be 

made i n t e r ms  o f  t i me  i n t e r v a l s  and m e t r i c  l e v e l s .  Other  

t h i n g s  b e i n g  equal  ( a s  i n T a b l e  3 . 4 ) ,  t h e  l a r g e r  t h e  t i me  

i n t e r v a l ,  t h e  l a r g e r  t h e  e r r o r .  At t h e  same t i m e ,  t he  

h i g h e r  t h e  m e t r i c  l e v e l ,  t h e  s m a l l e r  t h e  e r r o r .  Bot h  

p r e d i c t i o n s  a r e  c o n s i s t e n t  u i t h  a U e b e r ' s  1au model  l i k e  

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

e r r o r s  o n l y  t o  t h e  e x t e n t  t h a t  i t  i s  r edundant  u i t h  m e t r i c  

1 eve  1.



I t  i s  i n t e r e s t i n g  t o  compare t h i s  a n a l y s i s  o f  the  

r e p r o d u c t i o n  dat a  u i t h  an e x p e r i me n t  by S t e r n b e r g  and h i s  

c o l l e a g u e s  ( S t e r n b e r g  et  al  . , 1 982 ,  e x per i me nt  9 ) .  In t he  

p r e s e n t  t e r m i n o l o g y ,  t h e i r  e x p e r i me n t  uas  an a t t e mpt  to  

d e t e r mi n e  u h e t h e r  a t i me  i n t e r v a l  h y p o t h e s i s  or a not e  

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

pe r f or manc e  in a judgment  t a s k .  S u b j e c t s  heard a p a i r  of  

c l i c k s ,  d e f i n i n g  an i n t e r v a l ,  f o l l o w e d  by a t h i r d  c l i c k  

s e p a r a t e d  from t he  s e c o nd  c l i c k  by a f r a c t i o n  of  t he  

i n i t i a l  i n t e r v a l .  The f r a c t i o n  uas  v a r i e d  from t r i a l  t o  

t r i a l ,  u s i n g  an a d a p t i v e  p r o c e d u r e ,  around f our  t a r g e t  

f r a c t i o n s  ( 1 / 8 ,  1 / 6 ,  1 / 4  or 1 / 2 ) .  S u b j e c t s '  t a s k  uas  to  

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

than t h e  t a r g e t  f r a c t i o n .  The r e s u l t i n g  p s y c h o me t r i c  

f u n c t i o n s  d e f i n e d  mean f r a c t i o n s  ( n o t e  v a l u e s )  and t ime  

i n t e r v a l s  a s s o c i a t e d  u i t h  each t a r g e t .  Compari son o f  t he  

same f r a c t i o n s  a c r o s s  i n i t i a l  i n t e r v a l  d u r a t i o n s  ( t empos )  

a l l o w e d  a t e s t  of  t he  n o t e  v a l u e  h y p o t h e s i s ,  u h i l e  

compar i son  o f  t he  same d u r a t i o n s  a c r o s s  f r a c t i o n s  a l l o w e d  a 

t e s t  of  t h e  t i me i n t e r v a l  h y p o t h e s i s .  Both h y p o t h e s e s  ue r e  

r e j e c t e d ,  t hough t h e  r e s u l t s  u e r e  s l i g h t l y  more c o n s i s t e n t  

u i t h  the  t i me  i n t e r v a l  h y p o t h e s i s  than u i t h  t he  n o t e  v a l u e  

h y p o t h e s i s .

There  uas  no m e t r i c  l e v e l  h y p o t h e s i s  in t he  S t e r n b e r g  

et  a l . e x p e r i me n t  b e c a u s e  t he  s i n g l e  i n t e r v a l  t h a t  pr e ce de d
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t h e  i n t e r v a l  t o  be j u dg e d  c o u l d  not  be e x p e c t e d  t o  i n d u c e  a 

m e t r i c  h i e r a r c h y  in t h e  l i s t e n e r ' s  r e p r e s e n t a t i o n  o f  t h e  

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

a r e  i n a g r e e me n t  u i t h  t h e  p r e s e n t  d a t a  i n t h e  s e n s e  t h a t  in 

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

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

h y p o t h e s i s  a l o n e .  S t e r n b e r g  e t  a l . do not  s u g g e s t  uhat  

ki nd o f  h y p o t h e s i s  mi ght  g i v e  a b e t t e r  a c c o u n t  o f  t h e i r  

d a t a ,  but  i t  i s  c l e a r  t h a t  t h e y  do not  c o n s i d e r  e i t h e r  t ime  

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

each  c o n s i d e r e d  i n i s o l a t i o n  i s  i n a d e q u a t e .  I t  i s  p o s s i b l e  

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

e x p e r i m e n t ,  a model  c o mb i n i n g  t i me  i n t e r v a l  and n o t e  

d u r a t i o n  woul d  p r o v i d e  a b e t t e r  e x p l a n a t i o n  o f  S t e r n b e r g  e t  

al  . ' s d a t a .

I t  i s  c l e a r  t h a t  t h e s e  d a t a  do not  u n a mb i g u o u s l y  

s u p p o r t  t h e  BEATS h y p o t h e s i s .  However ,  one g e n e r a l  f i n d i n g  

a p p e a r s  q u i t e  r o b u s t ,  u h i c h  i s  t h a t  t h e  r e l a t i o n  be t wee n  

probe  p o s i t i o n  and t a p p i n g  e r r o r ,  however  me a s u r e d ,  i s  

n o n mo n o t o n i c .  T h i s  i s  not  t o  s a y  t h a t  t i me  i n t e r v a l s  and 

n o t e  v a l u e s  have  no p r e d i c t i v e  v a l u e .  R a t h e r ,  i t  s u g g e s t s  

t h a t  a s u c c e s s f u l  model  w i l l  be one l i k e  t h a t  s u g g e s t e d  in  

t h e  c o n t e x t  o f  Ex p e r i me n t  1,  i n u h i c h  mo n o t o n i c  and 

no n mo n o t o n i c  s t r u c t u r e s  i n t e r a c t .
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5 .  Summary o f  the  Probe Ex pe r i me nt s

The t h r e e  probe  e x p e r i m e n t s  a g r e e  in t h e i r  s uppor t  of  

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

U h i l e  t he  s uppo r t  drawn from any one e x pe r i me nt  i s  

d i mi n i s h e d  v a r i o u s l y  by h i g h  v a r i a b i l i t y ,  1ou s e n s i t i v i t y ,  

r e s p o n s e  b i a s ,  and pe r haps  o t h e r  f a c t o r s ,  t h e  f a c t  t ha t  a l l  

t h r e e  p o i n t ,  however  t e n t a t i v e l y ,  in t he  same d i r e c t i o n  can 

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

There a r e  two g e n e r a l  i m p l i c a t i o n s  of  t h e s e  e x p e r i m e n t s  

t ha t  are  worth e m p h a s i z i n g .  F i r s t ,  meter  can be i nduced by 

rhythms composed o f  n o t e  d u r a t i o n s  o n l y .  Th i s  does  not  

mean t ha t  d u r a t i o n  i s  t h e  s o l e  cue to me t e r ,  but i t  does  

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

e x t r a c t i n g  met er  from d u r a t i o n ,  whi ch t hey  u s e ,  a t  t he  very  

l e a s t ,  when t h e r e  a r e  no o t h e r  c u e s .  The c o n d i t i o n s  under  

which such s t r a t e g i e s  do and do not  come i n t o  p l a y  cannot  

be e x t r a p o l a t e d  from t he  p r e s e n t  e x p e r i m e n t s .  However,  

s u b j e c t s  a p p a r e n t l y  e x t r a c t e d  me t e r s  w i t h o u t  b e i ng  

e x p l i c i t l y  i n s t r u c t e d  to  do s o ,  in s p i t e  of  t he  f a c t  t ha t  

e x t r a c t i n g  meter  from s h o r t  monotone d u r a t i o n  s e q u e n c e s  i s  

not  a common mu s i c a l  t a s k .  Th i s  s u g g e s t s  t h a t  t h e  meter  

e x t r a c t i o n  s t r a t e g i e s  e x h i b i t e d  in t h e s e  e x p e r i m e n t s  are  

not  r e s e r v e d  f o r  d u r a t i o n - o n l y  c o n t e x t s ,  but r a t h e r  are  

part  of  a l a r g e r  r e p e r t o r y  o f  p e r c e p t u a l  s k i l l s  r e l e v a n t  to  

mus i c .
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S e c o n d ,  me t e r  can be i n d u c e d  q u i c k l y .  The s t i m u l i  in 

t h e s e  e x p e r i m e n t s  c o u l d  not  have  been much s h o r t e r ,  ye t  by 

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

t uo  and p e r h a p s  t h r e e  d i s t i n c t  m e t r i c  l e v e l s .  T h i s  i s  not  

t o  say  t h a t  t h e  p r o c e s s  ends  h e r e ,  but  i t  s u g g e s t s  t h a t ,  

l i k e  BEATS, l i s t e n e r s  have some e f f i c i e n t  s t r a t e g i e s  t h a t  

a r e  a b l e  t o  make us e  o f  s mal l  amount s  o f  e v i d e n c e .

An e q u a l l y  i mp o r t a n t  c o n c l u s i o n  t o  be drawn,  

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

c o n c e r n s  t h e  i n t e r a c t i o n  o f  t i me  and m e t r i c  s t r u c t u r e .  

Model s  o f  mu s i c  p e r c e p t i o n  c a n n o t  t r e a t  me t e r  a s  an i d e a l  

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

s u b s e r v e  i t .  Met er  s h o u l d  not  be t h o u g h t  o f  a s  an 

u n f l a g g i n g  metronome ( or  s e t  t h e r e o f ) ,  but  r a t h e r  a s  a s e t  

o f  p r e d i c t i o n s  a bo ut  t h e  n e x t  f e u  e v e n t s .  The s e  

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

r a p i d l y ,  e v e n  o v e r  a s h o r t  span o f  t i m e ,  unen t h e r e  a r e  no 

n o t e s .  T h i s  may h e l p  t o  e x p l a i n  uhy ,  in t he  o v e r u h e l m i n g  

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

ar e  s h o r t  and f e u .  By e x t e n s i o n ,  s p a r s e  mus i c  u i t h  many 

l o ng  s i l e n c e s  ought  t o  be d i f f i c u l t  t o  comprehend,  and by 

most  a c c o u n t s  i t  i s .  L e a r n i n g  t o  l i s t e n  to  s uc h  mus i c  may 

b e ,  in p a r t ,  a m a t t e r  o f  l e a r n i n g  t o  do u i t h o u t  m e t e r .

An i m p o r t a n t  q u a l i f i c a t i o n  o f  t he  above  remarks  i s  t h a t  

i t  may u e l 1 be t h a t  a m e t r i c  s t r u c t u r e  t h a t  has  c a r r i e d  i t s
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l i s t e n e r  h a l f u a y  t hr ough  a l o ng  p i e c e  may be more r e s i s t a n t  

to  de cay  t han  one t h a t  i s  o n l y  f o u r  or f i v e  n o t e s  o l d .  

S c h u l z e ' s  ( 1 9 7 8 )  r e s u l t s  from i s o c h r o n o u s  s e q u e n c e s ,  as  

we l l  as  t h e  s l i g h t l y  h i g h e r  r a t i n g s  f o r  t he  l o n g e r  s t em in 

Expe r i me nt  1,  s u g g e s t  t h a t  t h e r e  i s  a t  l e a s t  a s mal l  e f f e c t  

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

a r e  needed t o  d e t e r mi n e  t h e  n a t u r e  o f  t h i s  r e l a t i o n .

6 .  Ex pe r i me nt  4:  Er r or  Mat chi ng

U h i l e  BEATS uo u l d  be u n t e n a b l e  u i t h o u t  e v i d e n c e  t h a t  

l i s t e n e r s  do i n f a c t  e x t r a c t  h i e r a r c h i c a l  r e p r e s e n t a t i o n s  

o f  m e t e r ,  suc h  e v i d e n c e  does  not  by i t s e l f  s u p p o r t  BEATS as  

a model  o f  t h e  p r o c e s s  by u h i c h  l i s t e n e r s  per f orm such  

e x t r a c t i o n .  Expe r i me nt  4 a d d r e s s e d  t h i s  pr obl e m.

Rat i o n a l e

A t e s t a b l e  p r e d i c t i o n  comes from t h e  f a c t  t h a t  BEATS 

o f t e n  f a i l s  u h e r e  p e o p l e  s u c c e e d .  For e x a mp l e ,  in a random 

s e l e c t i o n  o f  248  f o l k  s o n g s  (Lomax,  1 9 6 0 ) ,  BEATS u as  

c o m p l e t e l y  c o r r e c t  in o n l y  95 c a s e s  (38%).  That  BEATS, 

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

human l i s t e n e r s  s u c c e e d  i s  not  s u r p r i s i n g ,  g i v e n  t h a t  t he  

l a t t e r  can t a k e  a d v a n t a g e  o f  o t h e r  c u e s ,  such a s  me l o dy ,  

a c c e n t s ,  and harmony.  But do humans do a s  u e l l  uhen t h e i r  

j udgme nt s  a r e  b a s e d ,  a s  BEATS' a r e ,  on t i m i n g  i n f o r m a t i o n  

a l o n e ?  I f  BEATS i s  a p l a u s i b l e  model  o f  t i m e - b a s e d  met er



97

p e r c e p t i o n ,  human l i s t e n e r s  s h o u l d  s u c c e e d  u h e r e  BEATS does  

and make t h e  same e r r o r s  u h e r e  BEATS f a i l s .  To t e s t  t h i s  

p r e d i c t i o n ,  BEATS’ p e r f o r ma n c e  u a s  compared u i t h  t h a t  o f  

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

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

a n a l y z e d  s u c c e s s f u l l y  as  u e l l  a s  s c o r e s  t h a t  l e d  t o  each of  

BEATS’ c h a r a c t e r i s t i c  uays  o f  f a i l i n g  <to be d e s c r i b e d ) .

In o r d e r  t o  compare BEATS’ p e r f o r ma n c e  t o  t h a t  o f  

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

p r o v i d e s  enough d e t a i l  about  t h e  s u b j e c t ’ s m e t r i c  

i n t e r p r e t a t i o n  o f  a g i v e n  p i e c e  t o  make a me a n i n g f u l  

c o mp a r i s o n  u i t h  BEATS’ a n a l y s i s .  As k i n g  s u b j e c t s  to  

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

t he  r e l a t i o n  b e t u e e n  1 eve  1s i n  t h e  m e t r i c  h i e r a r c h y ,  but i t  

d o e s  not  i n d i c a t e  t h e  p e r c e i v e d  p h a s e  r e l a t i o n  b e t u e e n  t h e  

m e t r i c  h i e r a r c h y  and t he  rhyt hm.  The s u b j e c t s ’ t a s k  in 

t h i s  e x p e r i m e n t  u a s  t u o - h a n d e d  t a p p i n g ,  u i t h  t h e  tuci hands  

t a p p i n g  a t  t uo  d i f f e r e n t  r a t e s  i n a r a t i o  o f  2 : 1  or 3 : 1 .  

One-handed t a p p i n g  r e v e a l s  a s i n g l e  l e v e l  o f  t he  l i s t e n e r ’ s 

m e t r i c  h i e r a r c h y ,  but  a l l o u s  no i n f e r e n c e s  about  the  

h i e r a r c h y  i t s e l f .  By a d d i n g  a s e c o n d  hand,  t h e  t a p p i n g  

l i s t e n e r  r e v e a l s  a s e c o n d  l e v e l ,  u h i c h  i n d i c a t e s  t h e  phase  

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

o r  t r i p l e ) .  U h i l e  t uo  l e v e l s  may not  be t he  who l e  

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

c o mp a r i s o n s  can u s u a l l y  be made t o  t h e  h i e r a r c h y  produced  

by BEATS. S u b j e c t s  t appe d  to a g i v e n  s c o r e  at  each o f  

s e v e r a l  t e mp o s .  In g e n e r a l ,  s u b j e c t s  s h o u l d  tap h i g h e r  

m e t r i c  l e v e l s  ( i . e .  l a r g e r  n o t e  v a l u e s )  at  f a s t e r  t empos  

and l ower  m e t r i c  l e v e l s  at  s l o w e r  t empos  ( F r a i s s e ,  1982; 

Hande l ,  1 9 8 4 ) ,  t h u s  p r o v i d i n g  a more c o m p l e t e  p i c t u r e  o f  

t h e  m e t r i c  h i e r a r c h y .

There  i s  e x p e r i m e n t a l  e v i d e n c e  s u g g e s t i n g  t h a t ,  in 

a d d i t i o n  t o  b e i n g  u s e f u l  in t h i s  e x p e r i m e n t ,  t wo- handed  

t a p p i n g  makes s e n s e  t o  s u b j e c t s .  For e x a mpl e ,  De ut s c h  

( 19 8 3 )  a s ke d  s u b j e c t s  t o  d i v i d e  an i s o c h r o n o u s  p u l s e  t r a i n  

i n t o  1,  2 ,  3 ,  4 or 5 i n t e r v a l s  w i t h  each hand.  The f i v e  

p o s s i b i l i t i e s  f o r  each hand were  combined f a c t o r i a l l y  so 

t h a t  a l l  c o m b i n a t i o n s  were  r e c o r d e d .  S u b j e c t s  pe r f ormed  

r e l a t i v e l y  p o o r l y  when a s ke d  t o  t ap n o n - i n t e g r a l  

c o m b i n a t i o n s  ( e . g .  3 a g a i n s t  2 ) .  De ut s c h  t a k e s  t h i s  to be 

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

t h e  p u l s e  t r a i n s  t a ppe d  by t h e  two hands .  I n t e g r a l  

c o m b i n a t i o n s  can be r e p r e s e n t e d  by s i m p l e  h i e r a r c h i e s ,  

whe re as  n o n - i n t e g r a l  c o m b i n a t i o n s  a r e  r e p r e s e n t e d  by more 

compl ex  h i e r a r c h i e s  (or  p e r ha ps  by no h i e r a r c h y  a t  a l l ) .  

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

t i mi n g  a c c u r a c y .  Th i s  i s  in k e e p i n g  w i t h  an e a r l i e r  

a n a l y s i s  o f  t i m i n g  a c c u r a c y  in t a p p i n g  by Vorberg  8. Hambuch
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( 1 9 7 8 ) *  uho f ound s u p p o r t  f o r  a model  i n u h i c h  t i m i n g  i s  

c a r r i e d  out  by s i m p l e  c h a i n e d  t i m e k e e p e r s ,  but under t h e  

c o n t r o l  o f  a h i e r a r c h i c a l  motor  program.  The f a c t  t h a t  

t u o - h a n d e d  t a p p i n g  i t s e l f  s e ems  t o  be r e p r e s e n t e d  

h i e r a r c h i c a l l y  makes  i t  a n a t u r a l  c h o i c e  f o r  t h i s  ki nd of  

e x p e r i m e n t .

C l a s s i f y i n g  BEATS* E r r o r s

When BEATS' a n a l y s i s  o f  a g i v e n  s c o r e  i s  compared u i t h  

a p e n c i 1- a n d - p a p e r  a n a l y s i s  ( h e n c e f o r t h  s t a n d a r d )  o f  t h e  

f u l l  s c o r e  ( i . e .  i n c l u d i n g  m e l o d y ,  l y r i c s  ( i f  a n y ) ,  and 

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

s e v e r a l  c a t e g o r i e s .

1) Agreement  b e t u e e n  BEATS and s t a n d a r d ,  a s  in "Auld Lang 
S y n e : "

BEATS:
should M J >  

J IJ.
J4 
J 
J

a c - M T - a n c s  BE 
J> J J IJ.

for-SQT and r O  
J4 J J IJ.

er BS0U5HT to HIND
J5 J J IJ.

St  a n d a r d :
should AULD

IJ.
ac-tfJAINT-ance BE
Jv J J IJ.

for-SOT and HEV
J' J IJ.

er BROUGHT to HIND
J4 J IJ.

J 
J

In t h i s  e xampl e  BEATS g e n e r a t e s  t h e  same l e v e l s ,  in t h e  

same p h a s e ,  a s  a r e  f ound i n t h e  s t a n d a r d .
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2)  Di s a g r e e me n t  r e g a r d i n g  me t e r ,  as  in "Hy B o n n i e : ”

BEATS:
ray BON-nie 1iesO-ver the 0 - cean sy BON-nie 1iesO-ver the SEA etc.
j u. jg  u  j  j  u  j  u  i j  u. jg  u  j j  u.

S t a n d a r d :
ay BON-nie 1iesO-ver the 0 - cean ay BON-nie liesQ-ver the SEA etc.
j u. jg  ij j j  u  j u  * j  u. jg  u  j  j  u

j.

Here BEATS has found a dupl e  met er  ( 4 / 4 ) ,  whe re as  the

s t a n d a r d  shows  a t r i p l e  met er  ( 3 / 4 ) ,  The c r i t i c a l  l e v e l  i s

th e  J l e v e l ,  whi ch groups  J s  by t wos  r at he r  t han t hr e e s .

3)  Di s a g r e e me n t  r e g a r d i n g  p h a s e ,  as  in "Sur l e  Pont  
d' Avi  g no n":

BEATS:
SUR le pent D'A-vi-gnon L M 1  y dan-se L'ON y dan-se SUR le sent O'A-vi-cnon LION y
n j  j - j j  i n  / i  j ^  n m ' j  n  j  i n

j* .........................................................................................................................................
j • • • • • • • • , « • •
j ,  ,  .  « ,

e» * •

S t a n d a r d :
SUR le pent B'A-vi-nnon LjON y dan-se L ’ON y dan-se SUR le pont D'A-vi-nnon L !GN y
j ~ 2  j  n  j  \ n  n  j n  n \ n  j  n ’j \ n

j > ..................................................................................................................................
j .............................................................................................................................
j ,  » » • » • «
0  •  *  » •

Here BEATS has g e n e r a t e d  t he  same l e v e l s  t h a t  are  in the  

s t a n d a r d ,  but  t h e i r  phase  i s  o f f :  BEATS would s i n g  "sur le  

PONT d» aviGNON, ” e t c .
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Not e  t h a t  me t e r  and p h a s e  e r r o r s  u s u a l l y  c a n n o t  be 

combi ned i n  any m e a n i n g f u l  u a y .  I f  t h e  me t e r  i s  i n c o r r e c t ,  

i t  makes no s e n s e  t o  a s k  u h e t h e r  t h e  m e t r i c  h i e r a r c h y  i s  in 

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

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

For e x a mp l e ,  i n BEATS' a n a l y s i s  o f  " S t r e e t s  o f  Laredo"  

( b e l o u ) ,  t h e  J4 and J l e v e l s  match t h e  s t a n d a r d ,  but  t h e  J 

and © l e v e l s  c r e a t e  s t r o n g  b e a t s  t h a t  a r e  a l t e r n a t e l y  in 

(+)  and out  <- )  o f  p h a s e  u i t h  r e s p e c t  t o  t h e  c o r r e s p o n d i n g  

J. and »  l e v e l s  o f  t h e  s t a n d a r d :

BEATS +
© . . .
J • • • • . «
J • • « • • • • • • • « • • •
J> .....................................................................................................................

as I walked OUT in the STREETS of la - RE - do as I etc.
J IJ. J* J IJ J J IJ. J4 J IJ J J TJ.

J4 ..............................................................................................................................................
J • .  .  • • . . . . . . . . . .
J. • * • * *
© . •  •  *

S t a n d a r d

The o n l y  m e a n i n g f u l  c o m b i n a t i o n  o f  met e r  and p h a s e  e r r o r s  

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

i n c o r r e c t  ( i . e .  d o e s  not  b e l o n g  t o  t h e  s t a n d a r d  h i e r a r c h y )  

and a h i g h e r  m e t r i c  l e v e l  i s  m e t r i c a l l y  c o r r e c t  but  out  of  

p h a s e .  T h i s  uas  t r u e  o f  o n l y  one s t i m u l u s  and d i d  not  

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

h o u e v e r ,  o c c u r  i n s u b j e c t s '  t a p p i n g  r e s p o n s e s  ( s e e  b e l o u ) .

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

f i r s t ,  e x e m p l i f i e d  by t h e  a n a l y s i s  o f  "My Bo nni e "  ( a b o v e ) ,
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might  be c a l l e d  t h e  d e f a u l t  met er  e r r o r :  from t h e  b e g i n n i n g  

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

i n c o r r e c t  l e v e l ( s ) .  The s e c ond  t y p e  i s  t he  s t r e t c h  e r r o r ,  

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

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

t h e  a n a l y s i s  uas  c o r r e c t  up to t h e  a p p l i c a t i o n  of  S t r e t c h .  

An example  o f  t h i s  t ype  o f  e r r o r  i s  BEATS' a n a l y s i s  o f  

"Skip to  my Lou:"

BEATS: 1
FLY in the but-ier-ailk, SHOO fly shoo, FLY in the biit-ter-ailk, SHOO fly etc,
J 3 ^  J 3 J IJ J J IJ F ^ ~ ~ J  IJ 3

J*................. ..................................................................................................................

J <♦)
J. . . .
J.

S t andar d:
FLY in the but-ter— ailk? SHOO fly ihoDi FLY in the bat-ter-iilk) SHOO fly etc.
J J~2 J IJ 3 J IJ ^ = 3  J= 3—3 IJ 3

J * * * * * * ............................................... * ......................... ..............................

J * * • ♦ • * •
J ♦ * * *

BEATS' a n a l y s i s  i s  c o r r e c t  a t  t he  o u t s e t ,  u i t h  J*, J* and J 

l e v e l s .  At t h e  s e c o nd  "shoo" BEATS uoul d Double  t h e  J 

l e v e l  t o  produce  a J l e v e l .  At l o c a t i o n  1,  h o u e v e r ,  t he  

c o n d i t i o n s  f o r  t he  S t r e t c h  o p e r a t i o n  ( s e e  above )  a r e  met ,  

and BEATS g e n e r a t e s  a J. l e v e l ,  u h i c h  i s  s u b s e q u e n t l y  

Doubled t o  produce  a J. l e v e l .  S i n c e  t h e  J and J. l e v e l s  

c o n f l i c t ,  one o f  them must be removed.  In t h i s  c a s e  BEATS

e s t i m a t e s  t h e  met er  t o  be t r i p l e  ( s e e  Remove r u l e  in
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Appendix A) and f i n d s  t he  J. l e v e l  more a p p r o p r i a t e  than the  

J l e v e l .  BEATS t h e r e f o r e  rem oves t he  J l e v e l .  The t r i p l e  

meter  h i e r a r c h y  t h a t  BEATS c o n s t r u c t s  i s  w e l l - f o r m e d  but  

i n c o r r e c t ;  t he  S t r e t c h  o p e r a t i o n  has s p o i l e d  what would  

o t h e r w i s e  have been a c o r r e c t  a n a l y s i s .  Becaus e  t he  above  

s c e n a r i o  i s  q u i t e  d i s t i n c t  from t he  way a d e f a u l t  e r r o r  i s  

made,  i t  seem s r e a s o n a b l e  to  d i s t i n g u i s h  between d e f a u l t  

e r r o r s  and s t r e t c h  e r r o r s  in t h i s  e x p e r i me n t .  In some 

c a s e s  BEATS i s  on i t s  way to a d e f a u l t  meter  e r r o r  when a 

S t r e t c h  pr o duc e s  t he  upheaval  d e s c r i b e d  a bove ,  r e s u l t i n g  in 

a d i f f e r e n t  but s t i l l  i n c o r r e c t  a n a l y s i s .  Bec aus e  i t  i s  

not  c l e a r  how such c a s e s  ought  t o  be c l a s s i f i e d ,  t hey  have 

been e x c l u d e d  from t h e  e x p e r i m e n t .

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

e r r o r s .  The f i r s t  o c c u r s  when a s c o r e  has an upbeat  or 

upbe a t s  but t he  c o n d i t i o n s  f o r  t he  Upbeat  or S l i d e  

o p e r a t i o n s  are  not  met .  BEATS p r o c e e d s  to c o n s t r u c t  a 

m e t r i c  h i e r a r c h y  t h a t  t r e a t s  the  f i r s t  not e  as  a downbeat .  

Thi s  t ype  o f  e r r o r  i s  c a l l e d  a n e g a t i v e  phase e r r o r ,  

r e f l e c t i n g  t he  f a c t  t ha t  t he  e r r o r  i s  due to  BEATS f a i l u r e  

t o  appl y  t h e  a p p r o p r i a t e  r u l e .  The s econd t y pe  of  e r r o r ,  

t he  p o s i t i v e  phas e  e r r o r ,  i s  t he  mi rror  image o f  the  

n e g a t i v e  phase  e r r o r .  Here a s c o r e  t h a t  b e g i n s  on a 

downbeat  happens  to  meet the  c o n d i t i o n s  f or  t he  Upbeat  or 

S l i d e  o p e r a t i o n ,  wi t h  the  r e s u l t  t h a t  BEATS t r e a t s  t he
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f i r s t  n o t e  a s  an u p b e a t .

The c l a s s i f i c a t i o n  o f  e r r o r s  p r e s e n t e d  here  i s  based  

not  o n l y  on r e s u l t s  but on p r o c e s s e s  as  u e l l .  Looki ng  at  a 

s c o r e  and a m e t r i c  s t r u c t u r e  t h a t  r e p r e s e n t s  a met er  e r r o r ,  

t h e r e  i s  no way t o  know u h e t h e r  t h e  e r r o r  i s  due t o  BEATS’ 

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

o p e r a t i o n .  L i k e w i s e ,  n e g a t i v e  and p o s i t i v e  phase  e r r o r s  

l ook t h e  same.  In both c a s e s  t h e  d i s t i n c t i o n  i s  based on a 

d i f f e r e n c e  in t he  p r o c e s s ( e s )  r e s p o n s i b l e  f or  t he  e r r o r .  

These  d i s t i n c t i o n s  a l l o w  a more d e t a i l e d  e v a l u a t i o n  o f  

BEATS. For e x a mpl e ,  i f  s u b j e c t s  make meter  e r r o r s  when 

BEATS makes d e f a u l t  e r r o r s  but  not  when BEATS makes s t r e t c h  

e r r o r s ,  i t  mi ght  be i n f e r r e d  t h a t  t he  c o n d i t i o n s  f o r  t h e  

S t r e t c h  o p e r a t i o n  are  not  r e s t r i c t i v e  enough.  A 

c o r r e s p o n d i n g  asymmetry b e t u e e n  n e g a t i v e  and p o s i t i v e  phase  

e r r o r s  would permi t  s i m i l a r l y  d e t a i l e d  i n f e r e n c e s .

Sub.i e c t s

S i x t e e n  m u s i c a l l y  t r a i n e d  s u b j e c t s  p a r t i c i p a t e d  in f our  

one - hour  s e s s i o n s  e ac h .  Some o f  t h e s e  s u b j e c t s  had 

p a r t i c i p a t e d  in one o f  t h e  m e t r i c  probe  e x p e r i m e n t s  

d e s c r i b e d  e a r l i e r .  S u b j e c t s  range d in age from l a t e  t e e n s  

t o  m i d - f o r t i e s ,  u i t h  most  i n t h e i r  t w e n t i e s .  They i n c l u d e d  

f o u r  g u i t a r i s t s ,  t h r e e  s i n g e r s ,  t uo  p i a n i s t s ,  t uo  s t r i n g  

p l a y e r s ,  tuo c l a r i n e t t i s t s ,  t uo  b r a s s  p l a y e r s ,  a f l u t i s t  

and a p e r c u s s i o n i s t .  S u b j e c t s  had from t h r e e  t o  t went y
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y e a r s  o f  t r a i n i n g ,  u i t h  a mean o f  1 1 . 8  y e a r s .  S u b j e c t s  

u e r e  p a i d  $5  per  s e s s i o n .

St  i mu1 i

I t  u a s  i mp o r t a n t  t h a t  s u b j e c t s  not  r e c o g n i z e  t h e  

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

p e r c e p t i o n  t o  p e r f o r m a n c e .  U h i t e  (1 9 6 0 )  f ound 33%  

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

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

u e r e  s e l e c t e d  from a l a r g e  body o f  An g l o / A me r i c a n  f o l k  

s o n g s  ( S a n d b u r g ,  1927; Lomax,  1 9 6 0 ; Ua r n e r ,  1 9 8 4 ) ,  most  of  

u h i c h  u e r e  j u d g e d  l i k e l y  t o  be u n f a m i l i a r  t o  most  s u b j e c t s .  

There  a r e  s e v e r a l  r e a s o n s  f o r  u s i n g  f o l k  s o n g s  r a t h e r  t h a n ,  

s a y ,  Mozart  s y mp h o n i e s  or Ba r t o k  q u a r t e t s .  F i r s t ,  s o n g s  

a r e  n a t u r a l l y  mo n o ph o n i c .  A l i s t e n e r  uho e x t r a c t s  a met er  

from a s o ng  e x t r a c t s  i t  from a s i n g l e  v o i c e ,  u h e r e a s  i n t he  

c a s e  o f  e n s e mb l e  mu s i c  i t  u o u l d  be d i f f i c u l t  t o  i d e n t i f y  

t he  r e s p e c t i v e  c o n t r i b u t i o n s  o f  t h e  s e v e r a l  v o i c e s .  To use  

e n s e mb l e  mu s i c  one u o u l d  have t o  be a b l e  to d e m o n s t r a t e  

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

m e t e r .  S e c o n d ,  f o l k  s o n g s  a r e  r a r e l y  m e t r i c a l l y  ambi guous ;  

t h e  e x t r a c t i o n  o f  met er  from f o l k  s o n g s  i s  g e n e r a l l y  

s u c c e s s f u l  and e f f o r t l e s s .  T h i r d ,  f o l k  s o n g s  r a r e l y  change  

tempo or m e t e r ,  and in any c a s e  s c o r e s  t h a t  do u e r e  not  

used in t h i s  e x p e r i m e n t .  F i n a l l y ,  f o l k  s o n g s  a r e  s h o r t ;  

u s i n g  t h e  u h o l e  s ong  i s  a more s a t i s f a c t o r y  ar r a ng e me nt
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than havi ng  to  d e c i d e  hou much o f  uh i ch  v o i c e  from an 

ensembl e  p i e c e  t o  u s e .

S t i m u l i  ue r e  s e l e c t e d  by u s i n g  BEATS to  a n a l y z e  a l a r g e  

number of  f o l k  s o n g s .  Each BEATS a n a l y s i s  uas  compared to  

the  s c o r e  and c l a s s i f i e d  as  d e s c r i b e d  a bo v e .  The r e s u l t i n g  

d i s t r i b u t i o n ,  broken doun by t i me s i g n a t u r e 1 , i s  shoun in 

Tabl e  4 . 1 .

BEATS e r r o r  c a t e g o r y
l e t e r c o r r e c t d e f a u l t s t r e t c h + phase -  phase

2 / 4 19 2 14 5 13 53

4 / 4 42 4 28 8 21 103

3 / 4 34 50 1 2 0 86

6 / 8 21 29 1 0 5 55

116 85 44 15 39 297

Table 4. 1 Distribution of BEATS' errors by time signature.

There are  s e v e r a l  i mport ant  d i s p a r i t i e s  in t h i s  

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

e r r o r s  in d u p l e - m e t e r  s c o r e s .  In a d e f a u l t  e r r o r ,  the  

meter e r r o r  i s  not  due to  t he  ( i n a p p r o p r i a t e ) a p p l i c a t i o n  

of  the S t r e t c h  o p e r a t i o n  but r a t h e r  t o  the  f a i l u r e  o f  the  

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

common: S t r e t c h  f a i l s  to appl y  and Double b l i t h e l y  b u i l d s  a 

u e l l - f o r m e d  but i n c o r r e c t  dupl e  m e t r i c  h i e r a r c h y .  An

1. In the s a mpl e ,  f our  t ime s i g n a t u r e s  ( dupl e  me t e r s  2 / 4  
and 4 / 4  and t r i p l e  me t e r s  3 / 4  and 6 / 8 )  a c count ed  f or  96%  of  
t he  s c o r e s  a n a l y z e d .  The o t h e r  t ime s i g n a t u r e s  ( 2 / 2  and 
3 / 8 )  uere  not  used in the  e x p e r i me n t .
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e q u i v a l e n t  e r r o r  can o c c u r  in a d u p l e - m e t e r  s c o r e  o n l y  when 

t h e  f i r s t  n o t e  i s  d o t t e d

J. JMJ J J J IJ J IJ f~ 2  IJ J e t c .
J> ............................................................................
J,  . . . . . .
J. . . .

and t h e r e  i s  no b a s i s  f o r  S t r e t c h  t o  e n l a r g e  t h e  m e t r i c  

u n i t  t o  an a p p r o p r i a t e  s i z e .  He r e ,  t h e  i n i t i a l  J. 

e s t a b l i s h e s  a m e t r i c  u n i t  o f  J. ;  f o r  BEATS t o  c o n s t r u c t  a 

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

m e t r i c  u n i t  t o  J , in e f f e c t  c o mb i n i n g  J. and J'  i n  a l a r g e r  

u n i t .  I n s t e a d ,  Doubl e  a p p l i e s ,  c r e a t i n g  t h e  J. m e t r i c  l e v e l  

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

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

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

me t er  s c o r e s .  In a s t r e t c h  e r r o r ,  an a p p l i c a t i o n  o f  the  

S t r e t c h  o p e r a t i o n  e n l a r g e s  an a p p r o p r i a t e  m e t r i c  u n i t  t o  an 

i n a p p r o p r i a t e  s i z e .  In d u p l e - m e t e r  s c o r e s  t h i s  i s  common 

and r e s u l t s  i n a t r i p l e  m e t r i c  h i e r a r c h y .  In t r i p l e - r n e t e r  

s c o r e s ,  h o u e v e r ,  S t r e t c h  i s  u s u a l l y  r e q u i r e d  t o  d i s c o v e r  

t h e  t r i p l e  m e t e r ;  uhen t h i s  happens  t h e  s c o r e  i s ,  o t h e r  

t h i n g s  b e i n g  e q u a l ,  c o r r e c t l y  a n a l y z e d .  For a s t r e t c h  

e r r o r  t o  o c c ur  i n a t r i p l e - m e t e r  s c o r e ,  t he  S t r e t c h  

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

uhen e a r l y  n o t e  d u r a t i o n s  a r e  d i s t o r t e d  by r e s t s  or t i e s )  

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

b e g i n  u i t h  d o t t e d  n o t e s ) .  For u h a t e v e r  r e a s o n ,  t h i s  a l mo s t
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never  happens .

The t h i r d  d i s p a r i t y ,  somewhat l e s s  pronounced than the  

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

t r i p l e - m e t e r  s c o r e s .  Many s c o r e s  t ha t  might  end up as  

phase e r r o r s  are  c l a s s i f i e d  as  d e f a u l t  meter  e r r o r s .  A 

meter e r r o r  has p r i o r i t y  over  a phase  e r r o r  in t he  s e n s e  

t ha t  t he  meter  must be r i g h t  b e f o r e  i t  makes s e n s e  to ask 

i f  t he  phase  i s  r i g h t .  The smal l  number of  t r i p l e  meter  

phase e r r o r s  i s  probabl y  a c c o u n t e d  f o r  by t he  h i g h e r  r a t e  

o f  meter  e r r o r s  among t r i p l e - m e t e r  s c o r e s  ( 5 7 % as  opposed  

t o  31% f o r  d u p l e - me t e r  s c o r e s ) .

The d e s i g n  c a l l e d  f o r  f our  s c o r e s  to  be s e l e c t e d  from 

each o f  t h e  c e l l s  in the  above d i s t r i b u t i o n .  Be c aus e  the  

f o l k - s o n g  rhythms di d not  f i l l  a l l  t he  c e l l s ,  a p p r o x i ma t e l y  

100 neu rhythms ue re  c r e a t e d  in order  t o  c ompl e t e  t he  

d e s i g n .  Each o f  t h e s e  rhythms was c o n c e i v e d  as a s i mp l e  

e i g h t - b a r  t ona l  melody in a g i v e n  t ime s i g n a t u r e .  Thi s  was 

i n t e n d e d  to  i n s u r e  t ha t  t he  r e s u l t i n g  rhythms would make 

mus i ca l  s e n s e  and t h a t  t he  s t a n d a r d  a n a l y s e s  o f  t h e s e  

rhythms would not  be a r b i t r a r y .  The new rhythms were  

a n a l y z e d  by BEATS, and t h o s e  t ha t  f e l l  i n t o  needed e r r o r  

c a t e g o r i e s  were added to t he  pool  o f  p o t e n t i a l  s t i m u l i ,  

p r o v i d i n g  enough of  t he  d e s i r e d  t y p e s  of  e r r o r s  to  a l l o w  

s t i m u l i  t o  be chos en from each e r r o r / m e t e r  c a t e g o r y .  Uhen 

t h e r e  were more than enough c a s e s  in each c e l l ,  s c o r e s  were
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s e l e c t e d  r a ndoml y .

S t i m u l i  r e p l i c a t e d  t he  c o n d i t i o n s  in u h i c h  BEATS 

o p e r a t e s :  a l l  n o t e s  had t he  same p i t c h ,  i n t e n s i t y ,  

a r t i c u l a t i o n  and t i m b r e ,  u i t h  n o t e  d u r a t i o n  t he  o n l y  cue to  

m e t e r .  The t o n e  sounded f o r  t h e  i n i t i a l  t h r e e - f o u r t h s  of  

t he  n o t e  d u r a t i o n .  Al l  s t i m u l i  c o n s i s t e d  o f  440  Hz s quare  

wa v e s ,  ba n d p a s s  f i l t e r e d  at  400  and 1500 Hz to a t t e n u a t e  

o n s e t  t r a n s i e n t s ,  and p l a y e d  o v e r  he adphones  at  a 

c o m f o r t a b l e  l i s t e n i n g  l e v e l .

S t i m u l i  u e r e  p r e s e n t e d ,  and r e s p o n s e s  c o l l e c t e d ,  by a 

Turbo Pa s c a l  program (TUOTAP) u i t h  h a r d u a r e - b a s e d  

m i l l i s e c o n d  t i m i n g  r e s o l u t i o n  ( B r y s b a e r t  e t  a l . ,  1 9 8 9 ) .

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

used in t h e  r a t i n g  and r e p r o d u c t i o n  e x p e r i m e n t s .  For 

r e s p o n s e  c o l l e c t i o n ,  TUOTAP read d a t a  from t uo  MIDI drum 

pads  ( Rol and MPD-4 and Dauz D e s i g n s ) ,  m o d i f i e d  as  d e s c r i b e d  

e a r l i e r ,  v i a  a MIDI i n t e r f a c e .

De s i g n

A major c o n c e r n  in t h i s  e x p e r i me n t  uas  t h e  p o s s i b i l i t y  

t h a t  a s u b j e c t  mi ght  adopt  a c o n s i s t e n t  t a p p i n g  r a t e  and 

m a i n t a i n  i t  over  many or a l l  t r i a l s .  The r i s k  u o u l d  be 

h i g h e s t  i f  a l l  s t i m u l i  u e r e  p l a y e d  at  t h e  same t empo,  but  

even i f  s e v e r a l  t empos  u e r e  empl oyed s u b j e c t s  mi ght  adopt  

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

s t i m u l u s .  In e f f e c t ,  t h i s  u o u l d  r e d u c e  t h e  e x p e r i me n t  t o  a
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t e m p o - i d e n t i f i c a t i o n  t a s k .  To a v o i d  t h i s  p o s s i b i l i t y ,  the  

number o f  tempos uas  not l i m i t e d .  Rat he r ,  each s c o r e  uas  

c a t e g o r i z e d  as  s l o u ,  moderate  or f a s t  a c c o r d i n g  to i t s  

metronome marking ( Tabl e  4 . 2 ,  l e f t ) .  The t h r e e  tempos at  

uhi c h  a g i v e n  s c o r e  uas  p l a y e d  ( Tabl e  4 . 2 ,  r i g h t )  ue r e  

based on t h i s  c a t e g o r i z a t i o n .

s c o r e  t e m p o    s t i m u l u s  tempo
metronome c a t e g o r y si  ou moderate f a s t

Mfl < 115 s l o u m MM + 50% MM + 100%

115 < MM < 165 moderate mm -  3 3 % MM MM + 33%

MM > 165 f a s t MM -  50% MM -  25% MM

(MM = metronome marking in J s  per mi nut e )

Table 4. 2 Tempo categorization of scores Hith metronome markings, 
and corresponding ranges of stimulus tempos.

The cut  p o i n t s  used in c a t e g o r i z i n g  s c o r e s  ( s e e  Tabl e  4 . 2 )

a r e  t he  33rd and 67 t h  c e n t i l e s  o f  t he  d i s t r i b u t i o n  of

metronome mar ki ngs .

Almost  a l l  of  the  f o l k  song s c o r e s  i n c l u d e d  metronome  

marki ngs .  For t he  f e u  t h a t  di d n o t ,  and f or  t h e  neu 

rhythms,  metronome marki ngs  u e r e  a s s i g n e d  randomly  

a c c o r d i n g  to  t he  s h o r t e s t  n o t e  v a l u e  o c c u r r i n g  in t he  '

rhythm,  as  shoun in Tabl e  4 . 3 :

s h o r t e s t
not e  v a l u e  c a t e g o r y  mm range  mi dpoi nt  

J> s l o u  65 -  115 90
J* moderate  115 -  165 140
J f a s t  165 -  215 190

Table 4. 3 Tempo categorization of scores Hithout metronome markings.
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In t h i s  e x p e r i m e n t  t h e r e  u e r e  a t o t a l  o f  80  s c o r e s  ( 57  

f o l k  s o n g s  and 23  neu r h y t h ms ;  s e e  Appendi x  D ) , 

r e p r e s e n t i n g  f o u r  t i me  s i g n a t u r e s  x f i v e  e r r o r  t y p e s  x f o u r  

s c o r e s .  Each s c o r e  uas  p r e s e n t e d  a t  each  o f  t h r e e  t e mpo s ,  

as  d e s c r i b e d  a b o v e ,  f o r  a t o t a l  o f  2 4 0  s t i m u l i .  The d e s i g n  

uas  run i n t h r e e  40  -  60  mi n u t e  s e s s i o n s  f o r  each  s u b j e c t .

The 80  s c o r e s  u e r e  a r r a n g e d  i n t h r e e  p s e udo - r a ndo m  

o r d e r s ,  A, B and C, and a s s i g n e d  t empos  such t h a t  o v e r  t he  

t h r e e  o r d e r s  each  s c o r e  u a s  p l a y e d  once  at  e ach  o f  i t s  

t h r e e  t e mp o s .  No t u o  c o n s e c u t i v e  s c o r e s  had t h e  same 

t empo.  The t h r e e  e x p e r i m e n t a l  s e s s i o n s  c o mp r i s e d  o r d e r s  A,  

B and C a s  u e l l  a s  t h e i r  r e t r o g r a d e s ,  A ' ,  B' and C ' . Four  

s u b j e c t s  u e r e  run i n  each  o f  f o u r  o r d e r s :  A B C, A* B' C ' ,

C B A, and C' B' A' .

P r o c e d u r e

S u b j e c t s  u e r e  a s k e d  t o  t ap  a l o n g  u i t h  t h e  rhyt hms  u s i n g  

b ot h  h a n d s ,  in s uc h  a uay t h a t  a )  each  hand t a p pe d  

i s o c h r o n o u s 1 y and b)  t h e  t uo  hands  t a ppe d  t o g e t h e r  e v e r y  

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

s u b j e c t ' s  f i r s t  s e s s i o n ,  h e / s h e  u a s  g i v e n  a p p r o x i m a t e l y  20  

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

a metronome at  v a r i o u s  t empos  and t a p p i n g  t o  sampl e  

r h y t h ms ,  t o  e n s u r e  t h a t  t h e  s u b j e c t  a)  u n d e r s t o o d  t h e  

n a t u r e  o f  t h e  t a p p i n g  r e q u i r e d  and b) uas  a b l e  t o  p e r f o r m  

s uch  t a p p i n g .  Onl y one s u b j e c t  had any a p p a r e n t  d i f f i c u l t y
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u i t h  t h e  t a p p i n g ,  and t h a t  s u b j e c t  uas  r e p l a c e d .

For e ach  s e s s i o n ,  t he  s u b j e c t  uas  s e a t e d  in a 

s o u n d - a t t e n u a t i n g  boot h i n s i d e  a s m a l l ,  c l o s e d  room.  The 

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

The s u b j e c t  r e s t e d  h i s / h e r  f o r e a r ms  on t e l e p h o n e  books  to  

b r i n g  them up t o  t h e  l e v e l  o f  t h e  t o p s  o f  t he  drum b o x e s .  

The s u b j e c t  i n i t i a t e d  each t r i a l  by t a p p i n g  e i t h e r  o f  the  

b o x e s ;  t h i s  uas  i n t e n d e d  t o  e n c o u r a g e  s u b j e c t s  t o  keep  

t h e i r  hands  on t h e  b o x e s ,  r e a dy  t o  t a p .  Be t u e e n  t h e  boxes  

uas  a s mal l  t e r m i n a l ,  used t o  d i s p l a y  v a r i o u s  m e s s a g e s  ( t o  

be d e s c r i b e d )  to  t he  s u b j e c t .  The t e r m i n a l ’ s c u r s o r  uas  

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

u o u l d  not  i n t e r f e r e  u i t h  t h e  s u b j e c t ’ s t a s k .

The s e s s i o n  began u i t h  a s e r i e s  o f  p r a c t i c e  t r i a l s  

d e s i g n e d  t o  a l l o u  t h e  s u b j e c t  t o  g e t  used to  t h e  drum 

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

t a p p i n g .  The p r a c t i c e  s e s s i o n  began u i t h  tuo i s o c h r o n o u s  

s e q u e n c e s .  For t h e  f i r s t  o f  t h e s e  t h e  s u b j e c t  uas  

i n s t r u c t e d  (by a me s s a g e  on t h e  t e r m i n a l ’ s s c r e e n )  t o  tap 

t u o - a g a i n s t - o n e . For t he  s e c o n d  s e q u e n c e  t he  s u b j e c t  uas  

i n s t r u c t e d  t o  t ap t h r e e - a g a i n s t - o n e . The goal  o f  t h e s e  

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

c h a r a c t e r i s t i c s  ( e . g .  g a p , s p r i n g  t e n s i o n )  o f  t he  drum 

b o x e s ,  u i t h  t h e  motor  and a u d i t o r y  f e e d b a c k  t h e y  p r o v i d e ,  

and u i t h  t h e  t a s k  o f  s y n c h r o n i z i n g  t a p s  u i t h  t h e  s t i m u l u s .
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Next tuo mus i ca l  rhythms* one u i t h  a duple  meter and one 

u i t h  a t r i p l e  me t e r ,  uere  p r e s e n t e d ,  and aga i n  the s u b j e c t  

uas  t o l d  hou to  t a p .  The goal  of  t h e s e  t r i a l s  uas  to  

f a m i l i a r i z e  t he  s u b j e c t  u i t h  t he  t as k  of  t appi ng  

s y n c h r o n o u s l y  to  a n o n - i s o c h r o n o u s  s t i m u l u s  and u i t h  the  

problem of  f i n d i n g  the c o r r e c t  p h a s e .  F i n a l l y ,  tuo more

s c o r e s ,  one u i t h  a dupl e  meter  and one u i t h  a t r i p l e  meter ,

uere  p r e s e n t e d ,  but nou t he  s u b j e c t  had to de t er mi ne  hou to  

t a p .  These  t r i a l s  i n t r o d u c e d  t he  s u b j e c t  to  the f u l l  

e xpe r i me nt a l  t a s k .  Each p r a c t i c e  s t i m u l u s  uas p r e s e n t e d  

f o r  as  l ong as  i t  t ook the  s u b j e c t  t o  tap at  l e a s t  25 t imes  

u i t h  each hand or f o r  60 s e c o n d s ,  u h i c h e v e r  uas  s h o r t e r .

Al l  s c o r e s  used as  p r a c t i c e  s t i m u l i  uere  s c o r e s  t ha t  BEATS 

had a n a l y z e d  c o r r e c t l y .  A d i f f e r e n t  s e t  of  f our  s c o r e s  

uere  used f o r  each of  the  t h r e e  e x per i me nt a l  s e s s i o n s .

Uhen they had f i n i s h e d  the  s i x  p r a c t i c e  t r i a l s ,  s u b j e c t s  

uere  g i v e n  the o p t i o n  of  r e p e a t i n g  the p r a c t i c e  s e s s i o n .  A

number of  s u b j e c t s  chose  to do t h i s  in t h e i r  f i r s t  s e s s i o n ,

but f e u  di d in l a t e r  s e s s i o n s .

A f t e r  the  p r a c t i c e  s e s s i o n ( s ) ,  the  s u b j e c t  heard the  

30 e xpe r i me nt a l  t r i a l s .  Each t r i a l  began u i t h  the  t ermi nal  

as k i ng  the  s u b j e c t  to tap e i t h e r  key uhen ready .  Uhen the  

s u b j e c t  t a ppe d ,  t he  program began t he  s t i m u l u s  a f t e r  a 

random d e l a y  of  1500 to  2000 m i l l i s e c o n d s .  Thi s  d e l a y  uas  

i n t ende d  to pr e v e nt  t he  s u b j e c t  from p e r c e i v i n g  the  ’ ready'



114

t ap as  r e l a t e d  t o  t h e  rhythm.  As t he  s t i m u l u s  p l a y e d ,  t he  

s u b j e c t  began t a p p i n g  as  soon a s  h e / s h e  had d e t e r mi n e d  t he  

m e t e r .

Except  ( a s  n o t e d )  in t h e  p r a c t i c e  t r i a l s ,  each  

s t i m u l u s  uas  p l a y e d  o n l y  f o r  as  l ong  a s  t he  s u b j e c t  t ook to  

t ap  at  l e a s t  t e n  t i m e s  u i t h  each hand or f o r  60 s e c o n d s ,  

u h i c h e v e r  uas  s h o r t e r .  Th i s  c r i t e r i o n  uas  i n t e n d e d  to  

s t a n d a r d i z e ,  a s  much a s  p o s s i b l e ,  t he  p r o b a b i l i t y  of  motor  

e r r o r ,  both b e t u e e n  s u b j e c t s  and b e t u e e n  t r i a l s .  The 

s p e c i f i c  c h o i c e  o f  t e n  t a p s  uas  an a t t e mp t  t o  occupy  t he  

mi ddl e  ground be t we e n  tuo u n d e s i r a b l e  o u t c o me s .

T r a n s c r i p t s  o f  p i l o t  s u b j e c t s ’ r e s p o n s e s  s houed t h a t  i f  

more t a p s  u e r e  r e q u i r e d ,  some h e s i t a n t  or s l o w l y - t a p p i n g  

s u b j e c t s  woul d r e a c h  t h e  end o f  t h e  s t i m u l u s  b e f o r e  

r e a c h i n g  t h e  q u o t a ,  r e s u l t i n g  in unequal  numbers o f  t aps  

r e c o r d e d  from t r i a l  t o  t r i a l  and from s u b j e c t  t o  s u b j e c t .  

Do r s e ,  i f  f e we r  t a p s  were r e q u i r e d ,  some i n c a u t i o u s  

s u b j e c t s  woul d use  up t h e i r  t a p s  in e x p l o r a t o r y  t a p p i n g  

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

r e s u l t i n g  in a n e e d l e s s  i n f l a t i o n  of  the  m i s c e l l a n e o u s  

e r r o r  c a t e g o r y  a t  t he  e x p e n s e  o f  s p e c i f i c  e r r o r  c a t e g o r i e s .

Dhen t h e  q u o t a  o f  t a p s  uas  r e a c h e d ,  the  s t i m u l u s  was  

s t o p p e d  and a beep sounded from t h e  t e r m i n a l . The beep  

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

from a paus e  i n  t h e  s t i m u l u s  due t o  a r e s t  in t h e  mu s i c .
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S t o p p i n g  t h e  s t i m u l u s  a s  s oon  a s  t h e  q u o t a  o f  d a t a  uas  

r e c o r d e d  a l s o  ke pt  s u b j e c t  f a t i g u e  t o  a minimum and r e duc e d  

t h e  c h a nc e  o f  t h e  s u b j e c t  r e c o g n i z i n g ,  and pe r h a p s  

i d e n t i f y i n g ,  t h e  s t i m u l u s .

R e c o g n i t i o n  Te s t

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

s e s s i o n s ,  h e / s h e  u a s  g i v e n  a r e c o g n i t i o n  t e s t .  In t h i s  

t e s t  t h e  s u b j e c t  he ar d  e a c h  o f  t h e  80  s c o r e s ,  p l a y e d  a s  in 

t h e  e x p e r i m e n t .  To ma x i mi z e  t h e  p r o b a b i l i t y  t h a t  i f  a 

s u b j e c t  kneu a p i e c e  h e / s h e  u o u l d  r e c o g n i z e  i t  i n  t h i s  

t e s t ,  each s c o r e  u a s  p l a y e d  a t  i t s  s c o r e d  t empo.  To 

m i n i m i z e  t h e  c h a n c e  t h a t  a s u b j e c t  u o u l d  r e c o g n i z e  in the  

t e s t  a p i e c e  h e / s h e  d i d  not  r e c o g n i z e  d u r i n g  t h e  t a p p i n g  

t r i a l s ,  e ach  s c o r e  u a s  p l a y e d  f o r  o n l y  as  l o n g  a s  i t  uas  

p l a y e d  on any t a p p i n g  t r i a l .  Bot h o f  t h e s e  r e s t r i c t i o n s  

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

( around 45 m i n u t e s ) .

Each r e c o g n i t i o n  t r i a l  u a s  i n i t i a t e d  by t h e  s u b j e c t  

p r e s s i n g  a key on t h e  t e r m i n a l .  A f t e r  a b r i e f  random d e l a y  

t h e  t e s t  i t e m began p l a y i n g .  Uhen i t  uas  o v e r  t h e  s u b j e c t  

uas  a s k e d  i f  h e / s h e  had r e c o g n i z e d  t h e  rhyt hm,  and i f  so to  

name,  s i n g ,  hum or o t h e r u i s e  i d e n t i f y  t h e  mus i c  f rom u h i c h  

t h e  rhythm had been t a k e n .  Th e s e  r e s p o n s e s  u e r e  r e c o r d e d  

by t he  e x p e r i m e n t e r .  There  u e r e  s e v e r a l  p o s s i b l e  r e s p o n s e s  

b e t u e e n  a p o s i t i v e  i d e n t i f i c a t i o n  and an unambi guous  ' n o * .
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I f  the  s u b j e c t  mer e l y  r e produc ed  t he  rhythm,  w i t h o u t  be i ng  

a b l e  to  i n d i c a t e  an a s s o c i a t e d  me l ody ,  the  t r i a l  was s c o r e d  

as  a n o n - r e c o g n i t i o n .  I f  t he  s u b j e c t  sang a melody t ha t  

di d not  match t h a t  o f  t h e  o r i g i n a l  mu s i c ,  i t s  rhythm was  

n o t a t e d ,  u s i n g  s t a nda r d  mus i ca l  n o t a t i o n ,  and compared wi t h  

t h a t  o f  t he  s t i m u l u s .  I f  t h e s e  matched the  t r i a l  was 

s c o r e d  as  a r e c o g n i t i o n .  Co r r e c t  t a p p i n g  r e s p o n s e s  to  

s t i m u l i  c o r r e c t l y  i d e n t i f i e d ,  by any method,  were not  used  

in f u r t h e r  a n a l y s i s .  Al l  o t h e r  t a p p i n g  r e s p o n s e s  were . 

a n a l y z e d  as  d e s c r i b e d  be l ow.

Response  S c o r i n g

For each t r i a l  t he  computer produced a s e p a r a t e  f i l e  

c o n t a i n i n g  an i n t e g r a t e d  r e c o r d  o f  t he  s t i m u l u s  and the  

t a p s .  These  f i l e s  were compared to  the  s t a nda r d  a n a l y s e s  

by means of  a computer program (SRGRAPH) which d i s p l a y s  an 

i n t e g r a t e d  g r a p h i c  image of  t he  s t i m u l u s  and r e s p o n s e .

These  images  are  s i m i l a r  to t he  i l l u s t r a t i o n s  in t h i s  paper  

e x c e pt  t h a t  t a p s  are  shown in t h e i r  e x a c t  t emporal  r e l a t i o n  

to t he  s t i m u l u s  ( s e e  Appendix B f o r  e x a mp l e s ) .

The b a s i c  p r i n c i p l e  behi nd t he  c l a s s i f i c a t i o n  o f  

t a p p i n g  r e s p o n s e s  was t h a t  c a t e g o r i e s  and c r i t e r i a  s houl d  

f a c i l i t a t e ,  as  much a s  p o s s i b l e ,  e v a l u a t i o n  of  t he  s p e c i f i c  

p r o c e s s e s  ( e . g .  Upbeat ,  S t r e t c h )  o f  which BEATS i s  made.

For exampl e ,  BEATS does  not  have any means o f  r e c o g n i z i n g  

and c o r r e c t i n g  e r r o r s  beyond t he  r u l e s  d e s c r i b e d .  A
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s u b j e c t ' s  f i r s t  r e s p o n s e  t h e r e f o r e  s eems  t h e  most  

a p p r o p r i a t e  t o  compare  u i t h  BEATS' a n a l y s i s .  U i t h  t h i s  

p r i n c i p l e  i n mi nd,  t h e  f o l l o w i n g  c l a s s i f i c a t i o n  scheme uas  

d e v i s e d .

F i r s t ,  f o r  t h e  p u r p o s e  o f  c l a s s i f y i n g  s u b j e c t s '  

r e s p o n s e s ,  e a c h  BEATS a n a l y s i s  i s  c h a r a c t e r i z e d  by t he  

f o l 1o u i n g :

1.  BEATS e r r o r  t y p e  ( c o r r e c t ,  d e f a u l t ,  s t r e t c h ,  p o s i t i v e  

and n e g a t i v e  p h a s e )

2 .  The n o t e  v a l u e s  o f  t h e  m e t r i c  l e v e l s  pro duc e d  by BEATS.

3 .  For d e f a u l t  e r r o r s ,  t h e  n o t e  v a l u e  o f  t h e  l e v e l  t h a t  

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

4 .  For s t r e t c h  e r r o r s ,  t h e  n o t e  v a l u e  o f  t h e  l e v e l  c r e a t e d  

by t h e  S t r e t c h  o p e r a t i o n .

5 .  For p h a s e  e r r o r s ,  t h e  n o t e  v a l u e  o f  t h e  l o w e s t  l e v e l  at  

u h i c h  t he  p h a s e  e r r o r  i s  e v i d e n t ,  and t h e  n o t e  v a l u e  

r e p r e s e n t i n g  t h e  s i z e  o f  t h e  ( n e g a t i v e  or p o s i t i v e )  pha s e  

e r r o r .  T h i s  i s  i l l u s t r a t e d  b e l o u  ( t h e  rhythm i s  "The 

Farmer in t h e  D e l l " ) :

J>IJ J> J J>IJ. J JMJ J> J J>lj! J e t c .
..................................................................................................................................................

J.  • •
J. * * * •

The phas e  e r r o r  o c c u r s  a t  t h e  J. l e v e l ;  t h e  l o we r  l e v e l s  a r e  

i n t h e  p r o p e r  r e l a t i o n  t o  t h e  s c o r e .  The s i z e  o f  t h e  phas e  

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



U S

t h e  n o t e  v a l u e  (J.) c o r r e s p o n d i n g  t o  t h e  i n t e r v a l  b e t u e e n  

uhere  a t i c k  a t  t h e  l e v e l  in q u e s t i o n  o c c u r s  and uher e  i t  

s ho u l d  have o c c u r r e d .

Se c o nd ,  a s u b j e c t ' s  t a p p i n g  r e s p o n s e  i s  t r e a t e d  as  a 

t u o - l e v e l  m e t r i c  h i e r a r c h y .  The l o u e r  l e v e l ,  i . e .  t h a t  

u i t h  t he  s h o r t e r  p e r i o d ,  i s  r e f e r r e d  t o  as  l e v e l  1,  and the  

h i g h e r  l e v e l  as  l e v e l  2 .  Tappi ng r e s p o n s e s  ue r e  c l a s s i f i e d  

a s  d e s c r i b e d  b e l o u .  For each c l a s s i f i c a t i o n ,  t h e  b a s i c  

c r i t e r i a  a r e  f o l l o u e d  by a d d i t i o n a l  c r i t e r i a ,  i f  any ,  f or  

s p e c i f i c  BEATS c l a s s i f i c a t i o n s .

1.  Correc t  r e s p o n s e .  B a s i c  c r i t e r i a :  Both l e v e l s  be l ong

t o  a c o r r e c t  m e t r i c  h i e r a r c h y  and both have t h e  c o r r e c t  

p h a s e .

A d d i t i o n a l  c r i t e r i a :

uhen BEATS = d e f a u l t :  Adding BEATS d e f a u l t  l e v e l  ( t o  t he
t a p p i n g  l e v e l s )  r e s u l t s  in an i l l -  
formed h i e r a r c h y ,  

uhen BEATS = s t r e t c h :  Adding BEATS s t r e t c h  l e v e l  r e s u l t s
in an i l l - f o r m e d  h i e r a r c h y .

2 .  C o r r e c t / c o n s i s t e n t  r e s p o n s e .  B a s i c  c r i t e r i a :  Both  

l e v e l s  b e l o n g  t o  a c o r r e c t  m e t r i c  h i e r a r c h y  and have the  

c o r r e c t  p h a s e .

A d d i t i o n a l  c r i t e r i a :

uhen BEATS = c o r r e c t :  Ca t e g o r y  not  a p p l i c a b l e
uhen BEATS = d e f a u l t :  Both l e v e l s  match BEATS' l e v e l s

(but  not  t h e  d e f a u l t  l e v e l ) ,  
uhen BEATS = s t r e t c h :  Both l e v e l s  match BEATS' l e v e l s

(but  not  t h e  s t r e t c h  l e v e l ) ,  
uhen BEATS = p h a s e :  Both l e v e l s  a r e  l o u e r  than BEATS'

phase  e r r o r  1e v e l .
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( T h i s  c l a s s i f i c a t i o n  i s  n e c e s s a r y  b e c a u s e  uhen BEATS makes  

an e r r o r ,  some o f  t h e  l e v e l s  i n  t he  ( i n c o r r e c t )  h i e r a r c h y  

may n e v e r t h e l e s s  b e l o n g  t o  a c o r r e c t  h i e r a r c h y .  I f  t he  

s u b j e c t  t a p s  a t  s uc h  l e v e l s ,  t h e r e  i s  no way t o  knou u h i c h  

h i e r a r c h y  h e / s h e  had i n  mi nd.  The c o r r e c t / c o n s i s t e n t  

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

c o r r e c t  but  may b e l o n g  t o  an i n c o r r e c t  h i e r a r c h y . )

3 .  Meter  e r r o r .  B a s i c  c r i t e r i o n :  One or bot h  l e v e l s

d o ( e s )  not  b e l o n g  t o  a c o r r e c t  m e t r i c  h i e r a r c h y .

A d d i t i o n a l  c r i t e r i a :

when BEATS = d e f a u l t :  One o f  t h e  l e v e l s  ma t c h e s  BEATS'
d e f a u l t  l e v e l ;  t h e  o t h e r  l e v e l  may 
or may not  b e l o n g  to  BEATS' 
h i e r a r c h y .

uhen BEATS = s t r e t c h :  One o f  t h e  l e v e l s  ma t c h e s  BEATS'
s t r e t c h  l e v e l ;  t h e  o t h e r  l e v e l  may 
or may not  b e l o n g  to  BEATS'  
h i e r a r c h y .

uhen BEATS = p h a s e :  Le v e l  2  has  t he  same n o t e  v a l u e  as
BEATS' p h a s e  l e v e l  but  has  c o r r e c t  
p h a s e ,  OR Leve l  2 do e s  not  have  t he  
same n o t e  v a l u e  a s  BEATS’ phas e  
1 e v e  1.

4 .  M e t e r / d i f f e r e n t  e r r o r .  B a s i c  c r i t e r i o n :  Same a s  a bove  

but  n e i t h e r  l e v e l  ma t c h e s  BEATS' me t e r  e r r o r  l e v e l .

A p p l i e s  o n l y  t o  BEATS' d e f a u l t  and s t r e t c h  e r r o r s .
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5.  Phase e r r o r .  B a s i c  c r i t e r i a :  Both l e v e l s  b e l o ng  to  a

c o r r e c t  m e t r i c  h i e r a r c h y  and one or both d o ( e s )  not  have  

c o r r e c t  p h a s e ,  OR l e v e l  2 b e l o n g s  to  a c o r r e c t  m e t r i c  

h i e r a r c h y  and does  not  have c o r r e c t  phas e .

A d d i t i o n a l  c r i t e r i o n :

uhen BEATS = phas e :  One o f  t h e  l e v e l s  mat ches  BEATS'
phase  l e v e l  AND t he  s i z e  o f  the  
s u b j e c t ' s  phase  e r r o r  mat ches  t ha t  
of  BEATS' .

6 .  P h a s e / d i f f e r e n t  e r r o r .  B a s i c  c r i t e r i a :  Same as  above

but n e i t h e r  l e v e l  mat ches  BEATS' phase  l e v e l  OR t he  e r r o r s ’ 

s i z e s  do not  match.  A p p l i e s  o n l y  t o  BEATS' phase  e r r o r s .

7 .  M i s c e l l a n e o u s  e r r o r .  S e v e r a l  t y p e s  of  r e s p o n s e s ,  a l l  of  

uh i c h  d e f y  c l a s s i f i c a t i o n  as  d e s c r i b e d  above ,  f a l l  in t h i s  

c a t e g o r y .  In d e c r e a s i n g  f r e q u e n c y  o r d e r ,  t he y  a r e :

a .  The t a p p i n g  i n t e r v a l  i s  u n s t a b l e .

b.  There i s  no s u s t a i n e d  t a p p i n g .

c .  The t a p p i n g  forms  no h i e r a r c h y .

d.  The s u b j e c t  d i d not  t a p .

In a d d i t i o n ,  p o l i c i e s  ue r e  a d o p t e d  t o  handl e  t h r e e  t y p e s  of  

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

i s  t h e  f a c t  t h a t  t h i s  e x p e r i me n t  i s  more c o nc e r ne d  u i t h  

uhat  meter  t he  s u b j e c t  e x t r a c t e d  from a g i v e n  rhythm than  

u i t h  hou u e l l  t h e  s u b j e c t  e x e c u t e d  t he  t a p p i n g  t a s k .

1.  D e s p i t e  i n s t r u c t i o n s  to  t h e  c o n t r a r y ,  s u b j e c t s  

o c c a s i o n a l l y  t apped tuo l e v e l s  in a 4 : 1  r a t i o  ( e . g .  J' and 

J ) .  In such c a s e s  t h e  i n t e r m e d i a t e  l e v e l  ( h e r e ,  J)  uas
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i n f e r r e d  f o r  s c o r i n g  p u r p o s e s .  Th i s  i n t e r p r e t a t i o n  uas  

s u p p o r t e d  by t h e  f a c t  t h a t  i n many o f  t h e s e  c a s e s  t he  

s u b j e c t  s w i t c h e d  from a 4: 1  r e s p o n s e  to  one o f  t he  tuo 2:1  

r e s p o n s e s  i m p l i c i t  i n i t  ( h e r e ,  J' and J or J and J ) .

2 .  S u b j e c t s  o c c a s i o n a l l y  a d o pt e d  t a p p i n g  i n t e r v a l s  t h a t  did  

not una mbi g uo us l y  c o r r e s p o n d  t o  a n o t e  o n s e t  i n t e r v a l ,  or 

i n t e g r a l  p a r t  t h e r e o f ,  t ha t  o c c u r r e d  in t he  s t i m u l u s .  Here 

i s  an i d e a l i z e d  exampl e :

J>IJ J> J J>ll  J J»IJ J> J J>|j! J
s u b j e c t  5J* . . . . . . . .  .
r e f e r e n c e  J * *  . . . . . . . . .
r e f e r e n c e  J. . . . . . . . .

Here t he  s u b j e c t ’ s t a p s  (one hand o n l y )  occur  at  i n t e r v a l s  

o f  f i v e  J*s. Such an i n t e r v a l  b e a r s  no o b v i o u s  r e l a t i o n  to  

any i n t e r v a l  in t h e  rhythm.  I t  i s  assumed t h a t  t h i s  

r e p r e s e n t s ,  at  l e a s t  in p a r t ,  an e r r o r  in e x e c u t i o n  r a t h e r  

than an ’ e r r o r ’ o f  p e r c e p t i o n .  On t h i s  a c c o u n t  t he  s u b j e c t  

e x t r a c t e d  e i t h e r  a J or J. i n t e r v a l  but f o r  some re a s o n  

i n c o r p o r a t e d  a uni f orm d i s t o r t i o n  in e x e c u t i n g  t ha t  

i n t e r v a l .  I t  b e i n g  i m p o s s i b l e  t o  knou uh i c h  i n t e r v a l  t he  

s u b j e c t  e x t r a c t e d ,  such c a s e s  u e r e  c l a s s i f i e d  a s  anomal ous  

meter  e r r o r s .

3 .  Somet i mes  a t ap seems to  be m i s s i n g .  Be l o u  a r e  t h r e e  

examp 1e s :

J4IJ J* J J>l l  j  .m j  j > j  *\i  j
J> ..................................................................................................................
J, . . . . .  . .

A B C
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Taps seem m i s s i n g  f rom l e v e l  1 a t  p o i n t s  A and B and from 

l e v e l  2 a t  p o i n t  C. B e c a u s e  t h e  c o n t e x t  p r e d i c t s  each o f  

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

s i m p l y  d i d  not  t a p  hard enough t han  t o  c o n c o c t  an e x o t i c  

e r r o r  c a t e g o r y .  Such an i n t e r p r e t a t i o n  i s  c o r r o b o r a t e d  by 

t h e  f a c t  t h a t  t h i s  phenomenon i s  t y p i c a l l y  f ound i n  

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

Al l  d a t a  u e r e  s c o r e d  by t h e  a u t h o r ,  u s i n g  SRGRAPH. Al l  

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

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

t r a i n e d  i n t h e  u s e  o f  SRGRAPH and t h e  above  c l a s s i f i c a t i o n  

scheme but  i g n o r a n t  o f  BEATS' p r e d i c t i o n s  and o f  t h e  

pu r p o s e  o f  t h e  e x p e r i m e n t .  Ex a mpl e s  o f  r e s p o n s e  

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

f rom SRGRAPH, a r e  in Appendi x  C.

R e s u l t s  and d i s c u s s i o n

One s u b j e c t  r e c o g n i z e d  one s t i m u l u s ,  r e s u l t i n g  in t h e  

removal  o f  t h r e e  t r i a l s  f rom t h e  a n a l y s i s .  The o v e r a l l  

r e s u l t s  a r e  shoun i n  Ta b l e  4 . 4  a s  column p e r c e n t a g e s .  For  

e x a mp l e ,  uhen t h e  s t i m u l u s  u a s  a s c o r e  i n  u h i c h  BEATS made 

a d e f a u l t  e r r o r ,  29 . 17% o f  s u b j e c t s '  r e s p o n s e s  u e r e  

c o r r e c t ,  2 . 08% u e r e  c o r r e c t  but  c o n s i s t e n t  u i t h  BEATS,  

36. 07% u e r e  me t e r  e r r o r s  t h a t  a g r e e d  u i t h  BEATS' e r r o r ,  

7.42% u e r e  me t e r  e r r o r s  t h a t  d i d  not  a g r e e  u i t h  BEATS'
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e r r o r ,  17.84% u e r e  phase  e r r o r s ,  6.12% uere  anomal ous  meter  

e r r o r s ,  and 1.30% u e r e  m i s c e l l a n e o u s  e r r o r s .  An e n t r y  of  

na i n d i c a t e s  t h a t  t h a t  c e l l ’ s c o mb i n a t i o n  o f  s t i m u l u s  

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

and p h a s e / d i f f e r e n t )  cannot  o c c u r .  The r i g h t mo s t  column  

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

s u b j e c t s ’ r e s p o n s e s  t h a t  f e l l  i n t o  each r e s p o n s e  

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

Subj e c t
BEATS
c o r r e c t d e f a u 1t s t r e t c h +phase - p h a s e

al  1
s t  i mu1

c o r r e c t 5 4 . 9 5 2 9 . 1 7 2 3 . 4 4 2 9 . 0 4 1 3 . 1 5 2 9 . 9 5

c o r r e c t /
c o n s i s t e n t na 2 . 0 8 4 . 3 0 1 2 . 7 6 1 1 . 0 7 6 . 0 4

met er 2 3 . 5 7 3 6 . 0 7 3 3 . 4 6 3 4 . 7 7 3 1 . 3 8 3 1 . 8 5

m e t e r /  
di  f  f  e r e n t na 7 . 4 2 1 6 . 5 4 na na 4 . 7 9

phase 1 3 . 6 7 1 7 . 8 4 1 7 . 8 4 1 1 . 8 5 3 5 . 5 5 1 9 . 3 5

p h a s e /
d i f f e r e n t na na na 6 . 3 8 5 . 9 9 2 . 4 7

anomalous  
met er 5 . 6 0 6 . 1 2 2 . 9 9 4 . 0 4 1 . 9 5 4 . 1 4

m i s c . 1 . 8 2 1 . 3 0 1 . 4 3 1 . 1 7 0 . 9 1 1 . 3 3

Table 4.4: Distribution of responses by stimulus type.

I f  BEATS and s u b j e c t s  are  i n d e p e n d e n t ,  the  ’ a l l  s t i m u l i ’ 

column s h o u l d  p r e d i c t  a l l  o f  t h e  o t h e r  co l umns .  That i s ,  

i f  s t i m u l u s  c l a s s i f i c a t i o n  has  no b e a r i n g  on s u b j e c t s '



124

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

e a ch  s t i m u l u s  c l a s s i f i c a t i o n  ( f i r s t  f i v e  c o l u mn s )  s h o u l d  be 

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

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

4 . 4  s h o u s  t h a t  t h i s  i s  not  t h e  c a s e ,  and a t e s t  o f  

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

a r e  i n d e e d  a s s o c i a t e d  ( c h i  s q u a r e  = 1 0 9 0 ,  p < . 0 0 1 ) .

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

t o  make c o m p a r i s o n s  o f  c e l l s  u i t h i n  Ta b l e  4 . 4  and o t h e r s .  

For e x a m p l e ,  t o  e x a mi ne  t h e  e f f e c t  o f  s t i m u l u s  t i me  

s i g n a t u r e ,  a t a b l e  o f  s u b j e c t  e r r o r  t y p e  by t i me  s i g n a t u r e  

u a s  made f o r  each  s t i m u l u s  c l a s s i f i c a t i o n ;  t h i s  amount s  to  

s u b d i v i d i n g  each  col umn i n T a b l e  4 . 4  i n t o  t h e  f o u r  t i me  

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

Tab 1e 4 . 5 .

r e s p o n s e
t ime 
2 / 4

s i gnat  ure  
4 / 4 3 / 4 6 / 8

c o r r e c t 120 101 103 98

me t e r  e r r o r 29 65 35 52

p h a s e  e r r o r 24 21 37 23

Table 4. 5 Distribution of responses by stimulus time signature for 
correct stimuli.

In such a t a b l e ,  e f f e c t s  o f  t i me  s i g n a t u r e  a ppe a r  a s  

d i f f e r e n c e s  b e t u e e n  t uo  co l umns  u i t h i n  r o u s .  T e s t s  o f  

t h e s e  d i f f e r e n c e s ,  u e r e  made by c o mp u t i n g  c o n f i d e n c e  

i n t e r v a l s  around t h e  d i f f e r e n c e  b e t u e e n  tuo c o l umns  in a 

g i v e n  r o u .  For e x a m p l e ,  2 / 4  and 4 / 4  t i me  s i g n a t u r e s  can be
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c o n t r a s t e d  u i t h  r e s p e c t  to c o r r e c t  r e s p o n s e s  by 

d i c h o t o m i z i n g  t h e  r e l e v a n t  co l umns  i n t erms  of  

c o r r e c t / o t h e r  r e s p o n s e s ,  r e s u l t i n g  in t he  f o u r f o l d  t a b l e  

shown in Ta b l e  4 . 6 .

t ime s i g n a t u r e  
r e s p o n s e  2 / 4  4 / 4

c o r r e c t 120 101

o t h e r 53 86

173 187

Table 4.6 Contrast of 2/4 and 4/4 stimuli with respect to correct 
responses.

The c o n t r a s t  i l l u s t r a t e d  in Tabl e  4 . 6  i s  a t e s t  o f  the  nul l  

h y p o t h e s i s  t h a t

p ( c o r r e c t  ! 2 / 4 )  = p < c o r r e c t  ! 4 / 4 )

The d i f f e r e n c e  b e t u e e n  t h e s e  p r o b a b i l i t i e s  i s  0 . 1 5 .  The 

s t a n d a r d  e r r o r  o f  e s t i m a t e  i s  t h e  pr oduc t  o f  t he  square  

r o o t  of  t he  p o o l e d  b i nomi al  v a r i a n c e s  f o r  the tuo columns  

and t he  s quar e  r o o t  o f  the  c r i t i c a l  ch i  s quare  v a l u e  f or  

( co l umns  -  1) d e g r e e s  o f  f reedom ( M a r a s c u i 1o , 1 9 7 1 ) .  In 

t h i s  example  t he  95% c o n f i d e n c e  i n t e r v a l  around the  

d i f f e r e n c e  b e t u e e n  t he  tuo col umns  i s  0 . 1 5  + / -  0 . 1 4 ;  

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

h y p o t h e s i s  can be r e j e c t e d ,  i n d i c a t i n g  t h a t  c o r r e c t  

r e s p o n s e s  a r e  s i g n i f i c a n t l y  more l i k e l y  f o r  2 / 4  than f or  

4 / 4  s t i m u l i .  The a n a l y s i s  i s  c o mp l e t e d  by comput i ng  

s i m i l a r  c o n t r a s t s  f o r  each o f  t he  s i x  p a i r s  o f  columns  in
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Ta b l e  4 . 5  at  each  o f  t h e  t h r e e  r o u s .  Th i s  p o s t - h o c  method 

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

t h a t  l ed  t o  r e j e c t i o n  o f  t he  n u l l  h y p o t h e s i s  of  

i n d e p e n d e n c e .  Rat her  t han p r e s e n t i n g  a r a f t  o f  s t a t i s t i c s ,  

uhat  f o l l o u s  i s  a summary of  t h e  r e s u l t s  o f  t h e  p o s t - h o c  

t e s t s  r e l e v a n t  t o  each o f  a number o f  q u e s t i o n s  about  the  

d a t a .

O v e r a l l  P a t t e r n s .  Co r r e c t  r e s p o n s e s  a r e  more l i k e l y  

f o r  c o r r e c t  s t i m u l i  than f o r  any o t h e r s  ( a s  e x p e c t e d ) ,  and 

l e s s  l i k e l y  f o r  n e g a t i v e  phase  e r r o r s  than f o r  any o t h e r s .  

Meter e r r o r s  a r e  l e s s  l i k e l y  f o r  c o r r e c t  s t i m u l i  t han f or  

any o t h e r s ,  but  e q u a l l y  l i k e l y  f o r  d e f a u l t ,  s t r e t c h ,  and 

p o s i t i v e  and n e g a t i v e  phas e  e r r o r s .  Phase  e r r o r s  a r e  more 

l i k e l y  f o r  n e g a t i v e  pha s e  e r r o r s  than f o r  a l l  o t h e r  

s t i m u l i ,  and more l i k e l y  f o r  BEATS’ rneter e r r o r s  than f o r  

p o s i t i v e  phas e  e r r o r s .  Thes e  p a t t e r n s ,  h o u e v e r ,  do not  

t a k e  c o r r e c t / c o n s i s t e n t  r e s p o n s e s  i n t o  a c c o u n t .  Co r r e c t  

r e s p o n s e s  a r e  e q u a l l y  l i k e l y  at  a l l  t e mpos .  I f  

c o r r e c t / c o n s i s t e n t  r e s p o n s e s  u e r e  i n f a c t  c o r r e c t ,  t he y  

s h o u l d  l i k e u i s e  be e q u a l l y  d i s t r i b u t e d  a c r o s s  t e mpo s .  

Houever ,  such r e s p o n s e s  a r e  more l i k e l y  at  s l o u e r  t empos .  

T h i s  s u g g e s t s  t h e  f o l l o u i n g  e x p l a n a t i o n .  F i r s t ,  t he  

s u b j e c t  has  c o n s t r u c t e d  t h e  same m e t r i c  h i e r a r c h y  as  BEATS.  

S e c o n d ,  t he  me t e r  or phas e  e r r o r  l e v e l  i s  g e n e r a l l y  not  

among t h e  l o u e s t  t uo  or t h r e e  l e v e l s  o f  t h e  h i e r a r c h y .
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T h e r e f o r e *  i f  t h e  s u b j e c t  t a p s  l e v e l s  t h a t  are  1ou i n t he  

h i e r a r c h y ,  t he  r e s p o n s e  i s  u n l i k e l y  t o  r e f l e c t  BEATS' e r r o r  

and w i l l  be c l a s s i f i e d  as  c o r r e c t / c o n s i s t e n t . Handel  

( 1 9 8 4 )  has  d e m o n s t r a t e d  t h a t  s u b j e c t s  t ap  l o u e r  m e t r i c  

l e v e l s  a t  s l o u e r  t e mp o s ,  and t h e  same r e l a t i o n  a p p e a r s  in  

t h i s  e x p e r i m e n t  ( s e e  b e l o u ) .  T h i s  a c c o u n t s  f o r  t h e  g r e a t e r  

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

t e mp o s ,  and s u g g e s t s  t h a t  c o r r e c t / c o n s i s t e n t  r e s p o n s e s  

u o u l d  have  been me t e r  or p h a s e  e r r o r s ,  r a t h e r  t han c o r r e c t  

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

h i s / h e r  ( i n c o r r e c t )  h i e r a r c h y .  A c c o r d i n g l y ,  c o r r e c t /  

c o n s i s t e n t  c e l l s  u e r e  re moved.  For d e f a u l t  and s t r e t c h  

s t i m u l i  t h e i r  f r e q u e n c i e s  u e r e  added t o  met e r  e r r o r s ,  and 

f o r  bot h p h a s e  e r r o r  t y p e s  t h e y  u e r e  added t o  p h a s e  e r r o r s .  

The a d j u s t e d  o v e r a l l  r e s u l t s  a r e  shoun in T a b l e  4 . 7 .
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BEATS a l l
S u b j e c t  c o r r e c t  d e f a u l t  s t r e t c h  +phase  - p h a s e  s t i m u l i

c o r r e c t 5 4 . 9 5 2 9 . 1 7 2 3 . 4 4 2 9 . 0 4 1 3 . 1 5 2 9 . 9 5

met er 2 3 . 5 7 3 8 . 1 5 3 7 . 7 6 3 4 . 7 7 3 1 . 3 8 3 3 . 1 2

met e r /  
d i f f e r e n t na 7 . 4 2 1 6 . 5 4 na na 4 . 7 9

phase 1 3 . 6 7 1 7 . 8 4 1 7 . 8 4 2 4 . 6 1 4 6 . 6 2 2 4 . 1 1

p h a s e /  
di  f  f  e r e n t na na na 6 . 3 8 . 5 . 9 9 2 . 4 7

anomalous  
meter 5 . 6 0 6 . 1 2 2 . 9 9 4 . 0 4 1 . 9 5 4 . 1 4

mi s c . 1 . 8 2 1 . 3 0 1 . 4 3 1 . 1 7 0 . 9 1 1 . 3 3

Table 4.7 Distribution of responses by stimulus type, adjusted for 
correct/consistent responses.

Phase e r r o r s  a r e  nou more l i k e l y  f o r  both p o s i t i v e  and 

n e g a t i v e  (BEATS) phase  e r r o r s  than f o r  a l l  o t h e r  s t i m u l i ,  

but t he  d i f f e r e n c e  b e t u e e n  p o s i t i v e  and n e g a t i v e  i s  s t i l l  

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

e r r o r s ,  and a n o t h e r  t uo  f i f t h s  p r e d i c t  phase e r r o r s .  The 

o v e r a l l  p r o p o r t i o n s  o f  meter  and phase  e r r o r s  a r e  nou 

c l o s e r  t o ,  but  s t i l l  s h o r t  o f ,  t h e s e  p r o p o r t i o n s .  Much of  

t h e  d i f f e r e n c e  i s  a c c o u n t e d  f o r  by m e t e r / d i f f e r e n t  and 

p h a s e / d i f f e r e n t  r e s p o n s e s .  Ho ue v e r ,  t h e r e  i s  no v a l i d  

r e a s o n  t o  i n c l u d e  such r e s p o n s e s  u i t h  meter  or phase  

e r r o r s ,  so t h e y  must remain s e p a r a t e .  The r e ma i n i n g  tuo  

e r r o r  t y p e s  ( anomal ous  and m i s c e l l a n e o u s )  a c c o u n t  f o r  5.5%



12?

of  r e s p o n s e s .  Anomal ous  me t e r  e r r o r s  a r e  more l i k e l y  f o r  

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

but  i t  i s  not  c l e a r  uhy t h i s  s h o u l d  be s o .  I t  happens  t h a t  

80.5% o f  t h e s e  e r r o r s  were  made by f i v e  s u b j e c t s ;  

c o n c e i v a b l y  t h e  unequal  d i s t r i b u t i o n  o f  a no mal ous  met er  

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

t h e s e  s u b j e c t s .  F i n a l l y ,  m i s c e l l a n e o u s  e r r o r s  a r e  e q u a l l y  

l i k e l y  i n  a l l  s t i m u l u s  c a t e g o r i e s .  Over a l l ,  9EATS 

c o r r e c t l y  p r e d i c t s  40.4% o f  t h e  r e s p o n s e s .

The E f f e c t s  o f  Tempo.  The d i f f e r e n c e s  d e s c r i b e d  above  

a r e  not  d u p l i c a t e d  in e v e r y  p a r t i c u l a r  uhen t h e  d a t a  a r e  

broken doun by t empo,  but  t h e  o v e r a l l  p a t t e r n  p e r s i s t s .  At 

a l l  t e mp o s ,  c o r r e c t  r e s p o n s e s  a r e  more l i k e l y  f o r  c o r r e c t  

s t i m u l i  t ha n  f o r  a l l  o t h e r s ,  and l e s s  l i k e l y  f o r  n e g a t i v e  

pha s e  e r r o r s  t han f o r  a l l  o t h e r  s t i m u l i .  Phase  e r r o r s  are  

more l i k e l y  f o r  n e g a t i v e  p h a s e  s t i m u l i  than f o r  a l l  o t h e r s .  

BEATS d o e s  not  c o n s i d e r  tempo and t h e r e f o r e  p r e d i c t s  no 

d i f f e r e n c e s  due t o  t empo.  T h i s  uas  g e n e r a l l y  borne  o u t ,  

but  t h e r e  u a s  an i n t e r e s t i n g  e x c e p t i o n .  Phase  e r r o r s  are  

more l i k e l y  f o r  p o s i t i v e  p h a s e  s t i m u l i  at  s l o u  t empos  than  

at  f a s t  t e mp o s ,  and t h e  r e v e r s e  i s  t r u e  f o r  c o r r e c t  

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

ph a s e  s t i m u l i  a l s o  d e c l i n e  s l i g h t l y ,  t hough not  

s i g n i f i c a n t l y ,  u i t h  i n c r e a s i n g  t empo.  In bot h  c a s e s  t h e  

e f f e c t  may r e f l e c t  t h e  f a c t  t h a t  at  a f a s t e r  tempo more
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n o t e s  may be a v a i l a b l e *  in s e n s o r y  r e g i s t e r s  and in s hor t  

term memory,  t hus  i n c r e a s i n g  t he  l i k e l i h o o d  t h a t  t he  

l i s t e n e r  u i l l  be a b l e  to d i s a mb i g u a t e  t he  phase  o f  the  

s t i m u l u s .  For exampl e ,

J> J> J> J>

might  be ambi guous ;  i t  can be heard as

I---J---- 3 J--------3 I

or as

J 3 J 3 I J>

I f  more n o t e s  are  a v a i l a b l e ,

J' J J

t he  a mbi g u i t y  i s  r e s o l v e d :

J> I J---- 3 J-------- 3 I J J I e t c .

Thi s  e f f e c t  might  be s i m u l a t e d  in BEATS by means o f  an 

' i n p u t  ui ndou'  ( J o n e s ,  M i l l e r  & Sc ar bor ough,  1 9 8 8 ) ,  a 

c o n t r o l  s t r u c t u r e  t h a t  d e t e r mi n e s  hou much o f  t he  input  

( t h e  s c o r e )  i s  a v a i l a b l e  for  p r o c e s s i n g  at a g i v e n  moment.  

Such a s t r u c t u r e  i s  in some r e s p e c t s  a g e n e r a l i z a t i o n  of  

t he  r e t r o s p e c t i o n  parameter  in BEATS ( s e e  p.  2 4 ) .  I f  the  

ui ndou c o r r e s p o n d s  t o  a span of  t ime ( r a t h e r  t h a n ,  s a y ,  a 

number of  n o t e s ) ,  i t  s houl d  be p o s s i b l e  to d u p l i c a t e  the  

e f f e c t  d e s c r i b e d  h e r e .

I t  uas  ment i one d  e a r l i e r  t h a t  s u b j e c t s  tap a t  h i g h e r  

m e t r i c  l e v e l s  ( i . e .  tap i n t e r v a l s  c or r e s po nd  to  l o ng e r  not e  

d u r a t i o n s )  at  f a s t e r  t empos .  Thi s  p r e d i c t i o n ,  based on
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work wi t h  p o l y r h y t h m s  by Handel  and h i s  c o l l e a g u e s  

( Os h i n s k y  & H a n d e l ,  1 978;  Handel  8. O s h i n s k y ,  1981;  Handel  & 

Lawson,  1983;  H a n d e l ,  1984;  a l s o  B e a u v i l l a i n ,  1 9 8 3 ) ,  was  

borne  out  i n  t h e  p r e s e n t  e x p e r i m e n t *  F i g u r e s  4 . 1  and 4 . 2  

show s u b j e c t s '  c h o i c e s  o f  t a p p i n g  l e v e l s  a s  a f u n c t i o n  o f  

tempo f o r  ea ch  o f  t h e  f o u r  s t i m u l u s  t i me  s i g n a t u r e s .  For  

2 / 4  s t i m u l i ,  f o r  e x a m p l e ,  s u b j e c t s  p r e f e r r e d  t o  t ap t h e  

and J  l e v e l s  a t  t h e  s l o w e s t  t e mp o s ,  w h i l e  at  t empos  a bove  

a p p r o x i m a t e l y  100 J / m i n u t e  t h e y  p r e f e r r e d  t o  t ap  t h e  J and 

J l e v e l s .  T h i s  p r e f e r e n c e  d e c l i n e d  a t  t empos  a bove  

a p p r o x i m a t e l y  2 0 0  J / m i n u t e ,  where  s u b j e c t s  c h o s e  t o  t ap  t h e  

J and o l e v e l s  e q u a l l y  o f t e n .  An a l o g o u s  p a t t e r n s  o f  

p r e f e r e n c e  o b t a i n  f o r  t h e  o t h e r  t i me  s i g n a t u r e s .  In a l l  

c a s e s ,  s u b j e c t s  t e n d e d  t o  t a p  a t  l ower  m e t r i c  l e v e l s  at  

s l o w e r  t empos  and a t  h i g h e r  m e t r i c  l e v e l s  at  f a s t e r  t empos .  

Th i s  p a t t e r n  i s  l i k e l y  a m a n i f e s t a t i o n  o f  Ler dahl  S. 

J a c k e n d o f f ' s  ( 1 9 8 3 )  c o n c e p t  o f  t h e  t a c t  u s . an i n t e r m e d i a t e  

r a t e  o f  p u l s e s  t h a t  i s  most  s a l i e n t  in a l i s t e n e r ' s  

p e r c e p t i o n  o f  a p i e c e  o f  m u s i c .  Be c a u s e  t h e  t a c t u s  i s ,  a t  

l e a s t  t o  some d e g r e e ,  i n d e p e n d e n t  o f  t empo,  i t  w i l l  

c o r r e s p o n d  t o  a low m e t r i c  l e v e l  a t  s l o w  t empos  and t o  a 

h i g h e r  m e t r i c  l e v e l  a t  f a s t e r  t e mp o s ,  j u s t  a s  s u b j e c t s '  

t a p s  do in t h i s  e x p e r i m e n t  and i n H a n d e l ' s  s t u d i e s .  The 

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

p a t t e r n  a r e  due t o  t h e  f a c t  t h a t  a g i v e n  t e m p o / t i m e
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Tapping level choices 
2 /4  time signature

iirm n | n-------[□ ECffltD-o [Sco cb—p-s---1--------
100 125 150 175 200 225 250 275

0 .0 .0  B -H E
50 75

tempo (quarter notes / min.)

Tapping level choices 
4 /4  time signature

1.0

0.9-

0.8 -

0.7-

0.6 -

0.5-

0.4-

0.2-

0 . 1 -

njn A mp-te— rog>— {toO-cT i -s---- q---- 1----:—
100 125 150 175 200 225 250 275

ea0.0
50 75

tempo (quarter notes I  min.)

Fig. 4. 1 Tapping levels as a function of tempo for 2/4 and 4/4 stimuli 
in the error matching- experiment.
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Tapping level choices  
3 /4  time signature

intii'mrpiHH— epnnftitVtyli.aiirriii yiina oaifcrino p-
50 75 100 125 150 175 200 225 250 275

tempo (quarter notes / min.)

Tapping level choices  
6 /8  time signature

1.0

0.9'

o.s-

0.6-

0.4-

0.3-

0 .2 -

0 . 1-

— I ( j ) -G D - - -afr- - - - - - - - - 6 0 | C 0  Q D  - Q - - - - - - - - - - - - - - - - - - 1 © - - - - - - - 1 0 - - - - - - - - - - - - -

100 125 150 175 200 225 250 275
0.0

50 75

tempo (quarter notes / min.)

Fig. 4. 2 Tapping levels as a function of tempo for 3/4 and 6/8 stimuli 
in the error matching experiment.
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s i g n a t u r e  c o mb i n a t i o n  r e p r e s e n t s  onl y  one or tuo p a r t i c u l a r  

s t i m u l i .  Presumabl y t h e r e  are  c h a r a c t e r i s t i c s  o f  a rhythm 

ot he r  than tempo,  such as  t he  p r o p o r t i o n s  o f  s ho r t  or long  

n o t e s ,  t ha t  are  a l s o  r e l e v a n t  t o  a s u b j e c t ' s  c h o i c e  of  

t a ppi ng  l e v e l s .  These  da t a  p r o v i d e  a r e p l i c a t i o n  of  

Ha n d e l ' s  po l yrhyt hm r e s u l t s  in t he  c o n t e x t  of  more 

c o n v e n t i o n a l  rhyt hms ,  and a l s o  s uppor t  Lerdahl  8.

J a c k e n d o f f ' s i d e a s  about  the  t a c t u s .

The E f f e c t s  o f  Time S i g n a t u r e .  Here a g a i n  the o v e r a l l  

p a t t e r n  i s  found f o r  each t ime s i g n a t u r e .  Houever ,  a t ime  

s i g n a t u r e ,  u n l i k e  a tempo,  r e f l e c t s  c e r t a i n  a s p e c t s  of  a 

s c o r e ' s  m e t r i c  s t r u c t u r e ,  so i t  i s  not  s u r p r i s i n g  t hat  

t h e r e  are  some s p e c i f i c  d i f f e r e n c e s  in t he  d i s t r i b u t i o n s  of  

r e s p o n s e  t y p e s  a c r o s s  t i me  s i g n a t u r e s ,  as  summarized in 

Tabl e  4 . 8  ( p e r c e n t a g e s  are  by column;  t hey  do not sum to  

100 be c a us e  o f  t h e  r e s p o n s e  t y p e s  not l i s t e d ) .

t i me  s i g n a t u r e  
r e s p o n s e  2 / 4  4 / 4  3 / 4  6 / 8

c o r r e c t  

met er  

phase

4 1 . 6  2 8 . 6  2 5 . 3  2 4 . 3

1 9 . 7  3 4 . 6  4 3 . 0  3 5 . 2

2 4 . 2  2 3 . 6  1 9 . 3  2 9 . 4

Table 4. 8 Distribution of responses by stimulus time signature, 
expressed as column percentages.

In g e n e r a l ,  c o r r e c t  r e s p o n s e s  are  more l i k e l y  f o r  2 / 4  

s t i m u l i  and meter  e r r o r s  are  l e s s  l i k e l y .  Thi s  may r e f l e c t  

t he  f a c t  t h a t  a measure  in 2 / 4  i s  s h o r t e r ,  measured in



135

terms  o f  t h e  number o f  n o t e s  o f  a g i v e n  v a l u e  i t  c o n t a i n s ,  

than a measure  i n any o f  t h e  o t h e r  t i me  s i g n a t u r e s .  For  

e xampl e ,  t h e r e  a r e  f o ur  J's in a 2 / 4  me a s ur e ,  s i x  in a 3 / 4  

or 6 / 8  me a s u r e ,  and e i g h t  in a 4 / 4  meas ure .  U h i l e  t i e s  

a c r o s s  bar l i n e s  a r e  r e l a t i v e l y  uncommon in f o l k  s o n g s ,  t he  

o r g a n i z a t i o n  o f  r e l a t i v e  d u r a t i o n s  u i t h i n  a me as ur e  i s  

c o m p a r a t i v e l y  u n r e s t r i c t e d .  T h i s  can be i l l u s t r a t e d  by the  

f o l l o w i n g  s i m p l e  rhythm;

I  J. J>l  J. J> \ J  I J 3 J  I J. 1  I J J I J1 J. I J 

The s h o r t e s t  p e r i o d i c i t y  he r e  i s  <1 , t h e  d u r a t i o n  o f  t h e  2 / 4  

me a s u r e .  I f  t h e  measure  t e n d s  t o  be t h e  s h o r t e s t  

p e r i o d i c i t y ,  i t  f o l l o w s  t h a t  in a g i v e n  span o f  t i m e ,  t he  

l i s t e n e r  h e a r s  more e q u a l - d u r a t i D n  n o t e  groups  in a 2 / 4  

rhythm than in o t h e r  t i me  s i g n a t u r e s .  Th i s  i n t ur n  

i n c r e a s e s  t h e  l i k e l i h o o d  t h a t  t h e  l i s t e n e r  w i l l  d i s c o v e r  an 

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

p r o v e s  to be a r e l i a b l e  e f f e c t ,  t he  i nput  window d e s c r i b e d  

e a r l i e r  may p r o v i d e  a way to  produc e  t he  same e f f e c t  in 

BEATS.

Meter e r r o r s  a r e  in g e n e r a l  more l i k e l y  f o r  3 / 4  s t i m u l i  

t han f o r  o t h e r  t i me  s i g n a t u r e s ;  t h i s  i s  t r u e  f o r  d e f a u l t  

and p o s i t i v e  and n e g a t i v e  pha s e  e r r o r s ,  but not  f o r  s t r e t c h  

e r r o r s .  T h i s  may r e f l e c t  t h e  d e f a u l t  s t a t u s  o f  d u p l e  

m e t e r s ;  j u s t  a s  BEATS must  t a k e  e x t r a  s t e p s  t o  e x t r a c t  a 

t r i p l e  m e t e r ,  s o  may l i s t e n e r s .  T h i s  argument  i s
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c o n s i s t e n t  wi t h  t he  f a c t  t h a t  meter  e r r o r s  ar e  more l i k e l y  

f o r  3 / 4  d e f a u l t  s t i m u l i  than f o r  3 / 4  s t r e t c h  s t i m u l i .  I f  

dupl e  me t e r s  are  a d e f a u l t  v a l u e ,  d e f a u l t  3 / 4  s t i m u l i  w i l l  

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

o p e r a t e .  Thi s  would seem t o  p r e d i c t  a s i m i l a r l y  hi gh r a t e  

of  meter  e r r o r s  f or  6 / 8  s t i m u l i ,  but in f a c t  s u b j e c t s  o f t e n  

tapped dupl e  me t e r s  t o  such s t i m u l i :

J J i  1 J J> J J> I J. J.
• ♦ ♦ • • «
•  •  •

BEATS u s e s  t he  S t r e t c h  o p e r a t i o n  to  e s t a b l i s h  J J' as  a 

s i n g l e  m e t r i c  u n i t .  By doi ng  t h e  same,  s u b j e c t s  can t r e a t  

6 / 8  rhythms in a dupl e  manner.

Phase e r r o r s ,  f o r  both p o s i t i v e  and n e g a t i v e  phase  

s t i m u l i ,  are  more l i k e l y  f o r  6 / 8  rhythms .  V i r t u a l l y  a l l  of  

t h e s e  e r r o r s  are  of  t he  s o r t  shown below:

J • • • • • •
J.

Here the  <J. m e t r i c  u n i t s  c r o s s  bar l i n e s ,  so t he  r e s p o n s e  i s  

c o n s i d e r e d  a phase  e r r o r .  However , the  rhythm c o n t a i n s  no 

c l u e  to t h e  proper  phase ;  i t  i s  p e r f e c t l y  ambi guous .  Put  

d i f f e r e n t l y ,  removi ng p i t c h e s ,  a c c e n t s  and l y r i c s  from a 

p i e c e  of  mus i c  has  d i f f e r e n t  e f f e c t s  f or  d i f f e r e n t  t ime  

s i g n a t u r e s .  The e v i d e n c e  d e s c r i b e d  here  s u g g e s t s  t h a t  6 / 8  

rhythms depend more h e a v i l y  on t h e s e  d i me ns i o ns  f o r  c ues  to  

t h e i r  me t e r .  By c o n t r a s t ,  2 / 4  rhythms seem t o  have a
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h i g h e r  d e g r e e  o f  redundancy  b e t u e e n  n o t e  d u r a t i o n s  and the  

o t h e r  d i m e n s i o n s .

The E f f e c t s  o f  S e s s i o n  and S t i m u l u s  Order .  S u b j e c t s '  

ag r e e me nt  w i t h  BEATS' p r e d i c t i o n s  i mproved ove r  t h e  c o u r s e  

o f  t he  t h r e e  s e s s i o n s  in t h i s  e x p e r i m e n t .  There were no 

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

r e s p o n s e s  or i n  e i t h e r  o f  t h e  e r r o r  c a t e g o r i e s ,  but  t h e r e  

was a s i g n i f i c a n t  d e c r e a s e  in bot h  anomal ous  met er  e r r o r s  

and m i s c e l l a n e o u s  e r r o r s .  The i mprove ment ,  t h e n ,  uas  not  

i n  met er  e x t r a c t i o n  but in t a p p i n g  p e r f o r ma n c e .  The 

d e c l i n e  in a no mal ous  met er  e r r o r s  o v e r  s e s s i o n s  s u p p o r t s  

t h e  h y p o t h e s i s ,  o f f e r e d  e a r l i e r ,  t h a t  t h e s e  a r e  e r r o r s  not  

o f  p e r c e p t i o n  but  o f  e x e c u t i o n .

There  were  t h r e e  s t i m u l u s  o r d e r s  p l u s  t h e i r  

r e t r o g r a d e s .  A g i v e n  s u b j e c t ' s  t h r e e  s e s s i o n s  c o n s i s t e d  

e i t h e r  o f  normal  or r e t r o g r a d e  o r d e r s .  The o n l y  e f f e c t  of  

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

and a l a r g e r  number o f  anomal ous  met er  e r r o r s  in t h e  normal  

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

s ho us  t h i s  e f f e c t  t o  be p u r e l y  c o i n c i d e n t a l .  As ment i one d  

e a r l i e r ,  f i v e  s u b j e c t s  were r e s p o n s i b l e  f o r  more than 8 0 % 

of  t h e  a no mal ous  met er  e r r o r s .  As i t  h a p pe ns ,  f o u r  o f  

t h e s e  s u b j e c t s  u e r e  run in normal  o r d e r s .  Thes e  s u b j e c t s  

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

Ta b l e  4 . 9  compares  t h e  p e r c e n t a g e  of  r e s p o n s e s  in a
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g i v e n  r e s p o n s e  c a t e g o r y  a c r o s s  s u b j e c t s .  As s ho u n ,  

s u b j e c t s  d i f f e r e d  most  u i t h  r e s p e c t  t o  c o r r e c t  r e s p o n s e s .  

A n a l y s i s  o f  v a r i a n c e  f o r  each r e s p o n s e  c a t e g o r y  compared  

t h e  16 s u b j e c t s  u i t h  r e s p e c t  t o  t h e  mean number o f  

r e s p o n s e s  i n  t h a t  c a t e g o r y  a c r o s s  t h e  t h r e e  t e mp o s .  

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

r e s p o n s e s  and me t e r  e r r o r s .

X o f  r e s p o n s e s
mean s . d . Fl 3 , 3 2 P

c o r r e c t 2 9 . 9 1 0 . 9 9 . 6 < . 01
me t e r 31 . 7 5 . 5 2 . 4 < . 0 5
p h a s e 1 9 . 4 4 . 5 2 . 0 > . 0 5

Table 4. 9 Mean proportions of responses by error type across 
subjects.

S u b j e c t s  uho made more c o r r e c t  r e s p o n s e s  a l s o  t e n d e d  to  

a g r e e  u i t h  BEATS more o f t e n .  Over t h e  16 s u b j e c t s  t h e r e  i s  

a c o r r e l a t i o n  o f  0 . 6 7  b e t u e e n  number o f  c o r r e c t  r e s p o n s e s  

and number o f  r e s p o n s e s  t h a t  a g r e e  u i t h  BEATS. T h i s  may in  

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

made f e u e r  c o r r e c t  r e s p o n s e s  made more ano ma l o us  me t e r  

e r r o r s  (and h e n c e  a g r e e d  u i t h  BEATS l e s s  o f t e n ) .  O v e r a l l  

t h e r e  i s  a c o r r e l a t i o n  o f  - 0 . 7 2  b e t u e e n  c o r r e c t  r e s p o n s e  

r a t e s  and a n o ma l o u s  m e t e r / m i s c e l l a n e o u s  e r r o r  r a t e s .  By 

c o n t r a s t ,  a n o ma l o u s  m e t e r / m i s c e l l a n e o u s  e r r o r  r a t e s  have a 

s l i g h t  p o s i t i v e  c o r r e l a t i o n  u i t h  me t e r  e r r o r s  (r = 0 . 4 )  and 

o n l y  a ueak n e g a t i v e  c o r r e l a t i o n  u i t h  p h a s e  e r r o r s  (r = -  

0 . 2 6 ) .  T h i s  s u g g e s t s  t h a t  a n o ma l o u s  me t e r  e r r o r s  and
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m i s c e l l a n e o u s  e r r o r s  u e r e  somewhat more l i k e l y  t o  be made 

at  t he  e x p e n s e  o f  c o r r e c t  r e s p o n s e s  t han o t h e r  r e s p o n s e  

cat  egor  i e s .

U h i l e  t h e r e  were  no e f f e c t s  o f  e i t h e r  s e s s i o n  or tempo,  

t h e r e  r emai ns  t h e  q u e s t i o n  of  t o  uhat  e x t e n t  each s u b j e c t ' s  

r e s p o n s e s  t o  a g i v e n  s c o r e  a g r e e  u i t h  one a n o t h e r .  Th i s  i s  

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

s u b j e c t ’ s r e s p o n s e s  f a l l  i n t o  f o r  a g i v e n  s c o r e ,  as  shoun 

in Tabl e  4 . 1 0 .  Be c a us e  s u b j e c t s  heard each s c o r e  t h r e e  

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

r a ng es  from o ne ,  r e f l e c t i n g  c o mp l e t e  c o n s i s t e n c y ,  to  t h r e e ,  

r e f l e c t i n g  no c o n s i s t e n c y .

no.  o f  d i f f e r e n t  r e s p o n s e s
mean s . d .

s t i m u l u s  t y p e : c o r r e c t 1 . 9 9 0 . 7 6
d e f  a u 11 2 . 1 1 0 . 7 5
s t r e t c h 2 . 1 9 0 . 6 9

+phase 2 . 1 8 0 . 7 6
- p h a s e 2 . 1 2 0 . 7 4

al  1 s t  i mu l i 2 . 1 2 0 . 7 4

Table 4.10 Mean number of different responses over three trials.

Note  t h a t  c o n s i s t e n c y  i s  r e c ko ne d  in t erms  o f  r e s p o n s e  

c l a s s i f i c a t i o n  r a t h e r  than in t erms  of  whi ch l e v e l s  uere  

t a p pe d .  The r e a s o n  f o r  t h i s  c h o i c e  i s  t h a t  d i f f e r e n t  

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

h i e r a r c h i e s ,  u h i l e  d i f f e r e n t  l e v e l s  r e f l e c t  tempo and 

o t h e r ,  i d i o s y n c r a t i c ,  f a c t o r s .  S u b j e c t s  ue r e  s l i g h t l y  more 

c o n s i s t e n t  u i t h  c o r r e c t  s t i m u l i ,  but uhat  i s  more s t r i k i n g
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i s  t h a t  on t h e  who l e  s u b j e c t s  u e r e  not  t e r r i b l y  c o n s i s t e n t ,  

b ot h  w i t h i n  and a c r o s s  s u b j e c t s .  BEATS, on t h e  o t h e r  hand,  

i s  n o t h i n g  i f  not  c o n s i s t e n t .  Th i s  d i f f e r e n c e  p o i n t s  t o  

some i n t e r e s t i n g  c o n c l u s i o n s .

BEATS i s  e n t i r e l y  d e t e r m i n i s t i c .  L i s t e n i n g  t o  a g i v e n  

p i e c e ,  i t  b e g i n s  i t s  a n a l y s i s  at  t h e  same p o i n t  e v e r y  t i me ;  

s p e c i f i c  e v e n t s  a l w a y s  have  t h e  same s a l i e n c e ,  and t h e  same 

o p e r a t i o n s  p r o d u c e  t h e  same e f f e c t s .  BEATS i s  not  a 

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

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

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

model  l i k e  BEATS w i l l  p r o v i d e  a r e a s o n a b l e  a p p r o x i m a t i o n .  

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

t r i a l s  w i t h  a g i v e n  rhyt hm,  y e t  t h e r e  i s  no tempo e f f e c t .  

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

r e f l e c t i n g  t h e  e f f e c t  o f  any e x p e r i m e n t a l  f a c t o r  ( i . e .  

tempo)  s u g g e s t s  t h a t  t h e  n o n - d e t e r m i n a t e  a s p e c t s  a r e  

s u b s t a n t i a l .  The c o n s i s t e n c y  probl e m shows  t h a t  w h i l e  over  

t h e  l ong  run BEATS' a n a l y s e s  have  some p r e d i c t i v e  v a l u e ,  

o v e r  t h e  s h o r t  run t h e y  have  much l e s s .

On t h e  o t h e r  hand,  t he  a p p a r e n t  i n d e t e r m i n a c y  may be an 

a r t i f a c t  o f  r e q u i r i n g  s u b j e c t s  t o  e x t r a c t  a me t e r  from 

f e we r  c u e s  t han  t h e y  a r e  a c c u s t o m e d  t o .  As d e m o n s t r a t e d  by 

E x p e r i m e n t s  1 - 3 ,  n o t e  d u r a t i o n s  a l o n e  do o f t e n  c a r r y  

s u f f i c i e n t  c u e s  t o  a p i e c e ' s  me t e r ;  BEATS' a n a l y s i s  ma t c h e s
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t he  s t a n d a r d  about  40% of  t he  t i me ,  l i s t e n e r s '  a n a l y s e s  

about  30%. But t he  o t h e r  s i d e  o f  t he  c o i n  i s  t h a t  more 

o f t e n  not e  d u r a t i o n s  do not l e a d  BEATS or l i s t e n e r s  to  the  

c o r r e c t  me t e r .  Thi s  must mean t h a t  r a t h e r  than be i ng  

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

i n f o r m a t i o n  a r e  o f t e n  n e c e s s a r y  to  c o mp l e t e  or d i s a mb i g u a t e

t he  m e t r i c  cues  pr o v i d e d  by d u r a t i o n .  Uhat i s  needed i s
/

knoul edge  o f  the  i n t e r a c t i o n  o f  mus i c a l  d i me n s i o n s  duri ng  

the  e x t r a c t i o n  o f  me t e r .  D u r a t i o n - o n l y  s t i m u l i  may not be 

t he  a p p r o p r i a t e  uay to  d e t e r mi n e  t he  l i m i t s  o f  d u r a t i o n -  

based meter  p e r c e p t i o n ,  be c aus e  i f  a s u b j e c t  a g r e e s  u i t h  

BEATS on a g i v e n  t r i a l  h e / s h e  i s  f a i r l y  l i k e l y  to d i s a g r e e  

on t h e  next  t r i a l .  Every rhythm y i e l d e d  at  l e a s t  one 

c o r r e c t  r e s p o n s e  from one s u b j e c t .  BEATS' p r e d i c t i o n  

s ho u l d  perhaps  be t hought  of  as  a c e n t r a l  t e nde nc y  o f  a 

s u b j e c t ’ s r e s p o n s e  in t he  a b s e n c e  o f  a l l  t he  e x p e c t e d  c u e s .

A b e t t e r  approach might  be t o  use  s t i m u l i  t h a t  combine  

d u r a t i o n  and p i t c h .  By c o n s t r u c t i n g  s t i m u l i  in uhi ch  

me l o d i c  and t emporal  m e t r i c  c ue s  e i t h e r  a g r e e  or d i s a g r e e  

u i t h  one a n o t h e r ,  i t  s houl d  be p o s s i b l e  to e x p l o r e  the  

c o n d i t i o n s  in uh i c h  p a r t i c u l a r  t y p e s  of  cues  from the tuo  

d i me n s i o n s  a r e  used or not  u s e d ,  as  t he  c a s e  may be .  For 

exampl e ,  i n  a d u r a t i o n - o n l y  s e q ue nc e  b e g i n n i n g  u i t h  a s hor t  

not e  f o l l o u e d  by a l o n g e r  n o t e ,  t h e  s h o r t  no t e  i s  o f t e n  

t r e a t e d  as  an u p b e a t .  By addi ng  v a r i o u s  cons onant  and
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d i s s o n a n t  m e l o d i c  c u e s  to  such a s t i m u l u s  i t  can be 

de t er mi ned  whe t her  some me l o d i c  c u e s  i n c r e a s e  t he  

l i k e l i h o o d  o f  t h i s  i n t e r p r e t a t i o n  and o t h e r s  d i mi n i s h  i t .

I f  t h i s  i s  t he  c a s e ,  t hen i t  c o u l d  be argued t ha t  a rhythm 

w i t h o u t  any m e l o d i c  c u e ( s )  at  a l l  i s  ambiguous  and w i l l  

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

t r i a l .  E x p l o r i n g  t h e  d e g r e e  to whi ch me l o d i c  cues  do or do 

not  o v e r r i d e  d u r a t i o n  c u e s  (and v i c e  v e r s a )  may o f f e r  a 

more d e t a i l e d  c h a r a c t e r i z a t i o n  o f  d u r a t i o n  as  a cue to  

met e r .

In summary,  t h i s  e x pe r i me nt  has  r e p l i c a t e d ,  in a 

broader  c o n t e x t ,  one o f  t he  p r i n c i p a l  f i n d i n g s  of  t he  probe  

e x p e r i m e n t s ,  namely t h a t  l i s t e n e r s  can and do f i n d  met er s  

on the  b a s i s  o f  d u r a t i o n a l  c ue s  a l o n e .  I t  has  a l s o  

de mo ns t r a t e d  t h a t  d u r a t i o n  i s  by no means t h e  o n l y  cue to  

me t e r ,  a l t h o u g h  i t  i s  somet  imes  s u f f i c i e n t .  From t h i s  

p e r s p e c t i v e ,  t r y i n g  t o  improve BEATS’ per f ormance  w i t h i n  

t he  c u r r e n t  d u r a t i o n - o n l y  c o n t e x t  would be mo s t l y  f u t i l e .  

Rat he r ,  t h e  ne x t  s t a g e  in t h e  deve l opment  of  BEATS s houl d  

be the  i n t e g r a t i o n  o f  me l o d i c  (and perhaps  o t h e r )  

i n f o r m a t i o n  in t h e  s t i m u l i ,  f o r  example  by i mpl ement i ng  

Lerdahl  & J a c k e n d o f f ’ s ( 1983)  g r oupi ng  r u l e s  ( J o n e s ,  M i l l e r  

& Sc a r b o r o u g h ,  1 9 9 0 ) ,  and by a ddi ng  a s e t  o f  h e u r i s t i c s  to  

g ui de  t he  i n t e r a c t i o n  bet ween d i m e n s i o n s .
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4 .  Ge ner a l  D i s c u s s i o n

There  a r e  s e v e r a l  g e n e r a l  c o n c l u s i o n s  t o  be draun from 

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

t h a t  me t e r  i s  r e p r e s e n t e d  h i e r a r c h i c a l l y .  In t h e  probe  

e x p e r i m e n t s  t h i s  s u p p o r t  comes  f rom t he  f a c t  t h a t  a l l  

d e pe nde nt  v a r i a b l e s  r e f l e c t ,  t o  some d e g r e e ,  t h e  m e t r i c  

l e v e l  o f  each pr obe  p o s i t i o n  a s  i d e n t i f i e d  by BEATS. In 

t h e  e r r o r - m a t c h i n g  e x p e r i m e n t ,  t h e  a g r ee ment  b e t u e e n  

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

i d e n t i f i e s  m e t r i c  l e v e l s .  U h i l e  t h i s  doe s  not  n e c e s s a r i l y  

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

do e s  i n d i c a t e  t h a t  a m e t r i c  h i e r a r c h y  i s  an a p p r o p r i a t e  

goal  o f  any model  o f  me t e r  p e r c e p t i o n .

The p r e s e n t  r e s u l t s  may s e e m,  at  f i r s t  g l a n c e ,  t o  

c o n f l i c t  u i t h  t h e  e x p e r i m e n t s  o f  Pal mer  and Krurnhansl  ( 1 9 8 7  

a , b ) ,  u h i c h  s u g g e s t e d  t h a t  me t e r  and mel ody  have  s e p a r a t e  

and i n d e p e n d e n t  ment a l  r e p r e s e n t a t i o n s . S p e c i f i c a l l y ,

Pal  mer and Krumhans1 f ound t h a t  s u b j e c t s '  r a t i n g s  o f  t h e  

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

by a l i n e a r  c o m b i n a t i o n  o f  r a t i n g s  o f  t uo  i n c o m p l e t e  

v e r s i o n s  o f  t h e  same p h r a s e :  i n  one a l l  n o t e s  had t h e  same  

p i t c h ,  and in t h e  o t h e r  a l l  n o t e s  had t h e  same d u r a t i o n .  

Ex pe r i me nt  4 ,  by c o n t r a s t ,  p o i n t s  s t r o n g l y  t o  an 

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

Ho u e v e r ,  t h e r e  i s  an i mp o r t a n t  d i f f e r e n c e  b e t u e e n  t h e  tuo
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e x p e r i m e n t s .  Palmer and Krurnhansl ' s  r e s u l t s  c o nc e rn  

r e p r e s e n t a t i o n  o f  meter  (and m e l o d y ) ,  u h i l e  Exper i ment  4 

p o i n t s  to  i n t e r a c t i o n  o f  p i t c h  and d u r a t i o n  in p e r c e p t i o n  

o f  me t e r .  I nd e pe nde nt  r e p r e s e n t a t i o n s  o f  meter  and mel ody ,  

a s  s uc h ,  are  not  n e c e s s a r i l y  i n c o n s i s t e n t  u i t h  t h e  i d e a  of  

p i t c h  as  a cue t o  met er  or d u r a t i o n  as  a cue to  me l ody .  

There i s  no r e a s o n  t o  assume t h a t  p e r c e p t u a l  i n t e r a c t i o n  

and r e p r e s e n t a t i o n a l  i n d e p e n d e n c e  a r e  mu t u a l l y  e x c l u s i v e .

Ui t h  r e s p e c t  t o  BEATS i t s e l f ,  and m e t e r - p e r c e p t i o n  

model s  i n g e n e r a l ,  t h e  r e s u l t s  r e p o r t e d  here  p r e s e n t  

s ome t h i ng  of  a par a do x .  The probe  e x p e r i m e n t s  shou t ha t  

l i s t e n e r s  can e x t r a c t  m e t r i c  s t r u c t u r e  from s h o r t  s e q u e n c e s  

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

o n l y  approach and e f f i c i e n t  a l g o r i t h m s  of  BEATS c o n s t i t u t e  

a p l a u s i b l e  model  o f  a d e mo n s t r a t e d  p e r c e p t u a l  a b i l i t y .  

Houever ,  uhen BEATS and s u b j e c t s  a r e  compared in t he  

c o n t e x t  o f  e x t e n d e d  d u r a t i o n  s e q u e n c e s ,  a d i f f e r e n t  p i c t u r e  

e me r ge s .  The f a c t  t h a t  BEATS and s u b j e c t s  o f t e n  d i s a g r e e  

i s  i t s e l f  not  s u r p r i s i n g ;  i t  uas  never  assumed t h a t  BEATS 

uoul d  be t h e  e n t i r e  s t o r y  or t h a t  d u r a t i o n  i s  t h e  o n l y  cue  

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

s u b j e c t s  t e n d e d  to  produce  more t han a s i n g l e  m e t r i c  

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

c o n s t i t u t e s  a dee pe r  d i s p a r i t y  b e t u e e n  s u b j e c t s  and BEATS 

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

The r e s o l u t i o n  s u g g e s t e d  h e r e  can be summari zed as  

f o l l o w s .  BEATS may,  a f t e r  a l l ,  be a r e a s o n a b l e  model  o f  

d u r a t i o n - b a s e d  me t e r  p e r c e p t i o n ,  u i t h  tuo q u a l i f i c a t i o n s .  

F i r s t ,  l i s t e n e r s  n o r m a l l y  us e  d u r a t i o n  c u e s  in c o n j u n c t i o n  

u i t h  o t h e r  ( i . e .  m e l o d i c ,  h a r mo n i c ,  dynami c)  c u e s .  S e c o n d ,  

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

i n a d e q u a t e  or a m b i g u o u s .  Uhy l i s t e n e r s  c a nno t  c o n s i s t e n t l y  

make e f f i c i e n t  u s e  o f  d u r a t i o n  c u e s ,  as  BEATS d o e s ,  i s  not  

c l e a r .  I t  s eems  l i k e l y  t h a t  t h e  ans wer  to  t h i s  q u e s t i o n  

l i e s  in a model  o f  t h e  i n t e r a c t i o n  o f  a l l  a v a i l a b l e  c u e s  in 

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

u i t h  d e v e l o p i n g  s uch  a mo d e l .

A f i n a l  q u e s t i o n  c o n c e r n s  BEATS’ g e n e r a l i t y  u i t h  

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

f orm,  BEATS s u c c e s s f u l l y  a n a l y z e s  rhyt hms  o f  an i d i om t h a t  

mi ght  l o o s e l y  be c a l l e d  U e s t e r n .  Uhy c a n ’ t i t  a n a l y z e  

rhyt hms  from o t h e r  i d i o m s ?  The a n s u e r  i n v o l v e s  two 

d i f f e r e n t  q u e s t i o n s .  F i r s t ,  s h o u l d  BEATS be e x p e c t e d  to  

work f o r  more t han one mu s i c a l  i d i o m?  I t  can be a r g ue d  

t h a t  human l i s t e n e r s ,  l i k e  BEATS, u n d e r s t a n d  o n l y  t h e i r  

n a t i v e  i d i o m .  I t  i s  t h e r e f o r e  a p p r o p r i a t e  f o r  BEATS’ r u l e s  

t o  e x p l o i t  t h e  t e mpor a l  c h a r a c t e r i s t i c s  o f  t h e  U e s t e r n  

r h y t h mi c  i d i o m ,  r a t h e r  t han  u s i n g  a l g o r i t h m s  t h a t  a t t e mp t  

t o  d i s c o v e r  t e mpo r a l  p a t t e r n s  in t h e  mus i c  ( e . g .  Si mon,
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1 9 6 8 ) ,  p r o c e s s e s  t h a t  are  as  l i k e l y  to s uc c e e d  in one idiom 

as  in a n o t h e r .  Sec ond ,  c ou l d  BEATS s uc c e e d  in a d i f f e r e n t  

i di om? Jus t  as  t h e  mus i ca l  knowl edge  embodied in BEATS' 

r u l e s  r e s t r i c t s  BEATS to t he  i di om from uhi c h  t ha t  

knowl edge i s  drawn,  r e p l a c i n g  or mo d i f y i n g  some of  the  

r u l e s  would a l l o w  BEATS to o p e r a t e  in a d i f f e r e n t  mus i cal  

domain.  D i f f e r e n t  r u l e s  c o u l d  be used wi t h o ut  any changes  

to  the b a s i c  machi nery  t h a t  moves t hrough a s c o r e  and 

m a i n t a i n s  t he  t ime f r a me • Ho u e v e r , on l y  one s e t  of  r u l e s  

can be used in any one BEATS i mp l e me n t a t i o n .  Thi s  i mp l i e s  

t ha t  a l i s t e n e r  who i s  c o m f o r t a b l e  in more than one idiom 

has more than one s e t  of  r u l e s ,  r a t h e r  than a s i n g l e  more 

powerful  or more gene ra l  s e t  of  r u l e s .  Such l i s t e n e r s  are  

to  music  as  b i l i n g u a l s  are  to l a n g u a g e ,  o p e r a t i n g  wi t h one 

s e t  o f  r u l e s  at  a t i me wi t ho ut  i n t e r f e r e n c e  from the  o t h e r ,  

yet  a b l e  to move e a s i l y  from one s e t  to the o t h e r  as the  

need a r i s e s .  These  i m p l i c a t i o n s  of  the 6EATS approach  

s u g g e s t  t h a t  i n v e s t i g a t i o n s  o f  l i s t e n e r s '  a b i l i t i e s  in 

m u l t i p l e  i d i oms  may o f f e r  a d d i t i o n a l  means o f  e v a l u a t i n g  

BEATS and o t h e r  mode l s  l i k e  i t .
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Appendi x  A: BEATS* Rul es

Uher e ver  r e l e v a n t ,  BEATS* c u r r e n t  p o s i t i o n  i s  i n d i c a t e d  by 

an a s t e r i s k .  An a s t e r i s k  at  a n o t e  symbol  i n d i c a t e s  t h a t  

t h e  c u r r e n t  p o s i t i o n  i s  t h e  n o t e ' s  o n s e t .

Se t up

IF 1) J
*

t h e  o n s e t  o f  t he  s e c o n d  n o t e  has  
been r e a c h e d

and 2)  t h e  t i me  frame has  not  been c r e a t e d

THEN

J . . . . J c r e a t e  t he  t i me  f rame.

Induce

IF 1)
*  <—  new interval
J1

existing aetronoae
a neu o n s e t  i n t e r v a l  i s  found

and 2)

THEN

-or- e t  c .

t h e  i n t e r v a l  s t a n d s  in an i n t e g r a l  r a t i o  to  
t he  n e a r e s t  e x i s t i n g  metronome  

+
J' ?

J<. 
• •. • •

new astronose

add a neu metronome c o r r e s p o n d i n g  to  t he  neu 
o n s e t  i n t e r v a l .
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Longnote

IF 1) t he  Upbeat  r u l e  has j u s t  a p p l i e d
*

and 2)  J'

U s e  frame after Upbeat
t he  t ime frame p r e d i c t s  an o ns e t  e a r l i e r  than  
one a c t u a l 1y o c c u r s

*
THEN

e n l a r g e  t he  t ime frame so t ha t  i t  p r e d i c t s  the  
next  o n s e t ,  and c r e a t e  a neu metronome.

Doub1e 

IF 1) J

I . . . . J
and 2)

and 3)  

THEN

*
J « 0

1 0
1

*
0 4

| |

t h e  t ime frame p r e d i c t s  a 
f u t u r e  no t e  ons e t

t h e  h y p o t h e s i s  i s  conf i r med

t he  t ime frame i s  s ma l l e r  
than some l i m i t  ( e . g .  * )

? doubl e  t h e  t ime  
frame and make a 
neu metronome.

new u s e  trass

Upbeat

IF
* new interval
J4

 i • •-! U s e  frame
a neu o ns e t  i n t e r v a l  i s  l o n g e r  than any 
p r e v i o u s  i n t e r v a l  and l o n g e r  than t h e  t ime  
f rame

THEN
*

u..:
t he  f i r s t  o ns e t  o f  t he  neu i n t e r v a l  becomes  
t h e  downbeat .
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I n t e r p o l a t e

IF

THEN

S t r e t c h

IF 1)

and 2)

THEN

U L L J <-- new aeirofliiae
<-- existing sstr-onoae

a new metronome i s  c r e a t e d  t h a t  d i v i d e s  t he  
n e a r e s t  e x i s t i n g  metronome by >3 or < 1 / 3

L U  
J  J ,interpo! ■ztsd setronooe

i n t e r p o l a t e  a t h i r d  metronome t h a t  s t a n d s  in a 
1 : 2  or 1 : 3  r a t i o  u i t h  both of  t he  f i r s t  tuo  
met r o n o me s .

an o n s e t  o c c u r s  b e f o r e  t h e  next  p r e d i c t e d  
o n s e t

J T

JT

<—  t h e  i n t e r v a l  b e g i n n i n g  
t h e r e  i s  l o n g e r  than  
t h e  p r e v i o u s  i n t e r v a l

/ _ _  r . r . a t M  . * » ! « • *  J  f t  I  f l  «*• v > * 3  !  t j*! Sv  1 u v 3 i n  I “ i Vd  i

<—  e n l a r g e  t he  t i me  frame  
and c r e a t e  a neu 
me t r onome .
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SI ide

IF 1) J J J

t he  o n s e t  p r e d i c t e d  by the  t ime frame i s  
r e a c hed

and 2)  a Doubl e  i s  not  p o s s i b l e  b e c a us e  t he  s i z e  
l i m i t  has  been r e a c h e d .

THEN J J J c

S l i d e  t he  t ime frame by moving T1 t o  T2,  
T2 t o  T 3 , and T3 to  T2 + (T2 -  T l ) .

Remove ( c a s e  1) 

IF
J.

J

J J

{— setronose created by Induce
setronose created by Stretch

t h e  r a t i o  be t ueen tuo a d j a c e n t  metronomes i s  
n o n - i n t e g r a l

and no i n t e r p o l a t i o n  i s  p o s s i b l e

and J. : J = 3 : 4
one o f  the  metronomes i s  not  c o n s i s t e n t  u i t h  the  
l a r g e s t  metronome

THEN . 
J

J

remove the  i n c o n s i s t e n t  metronome.
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Remove ( c a s e  2)

IF

J

J.

J.

<—
J s J. = 2 : 3

t h e  r a t i o  b e t u e e n  t uo  a d j a c e n t  metronomes  i s  
n o n - i n t  e g r a l

and no i n t e r p o l a t i o n  i s  p o s s i b l e

and J : J. = 1 : 3  J- : J. = 1 : 2
e ac h  o f  t h e  metronomes  i s  c o n s i s t e n t  u i t h  t h e  
l a r g e s t  metronome

THEN 1 / 1 2  = 3  1 / 1 7 2  = 2
e s t i m a t e  t h e  met er  by f i n d i n g  t he  l a r g e r  o f  2x 
or 3x t h e  s m a l l e s t  metronome t h a t  i n t e g r a l l y  
d i v i d e s  t h e  l a r g e s t  metronome ( i n  t h i s  c a s e ,  3)

and J /  3 = ? J. /  3 =
d e t e r m i n e  u h i c h  o f  t h e  probl em metronomes  i s  
i n c o n s i s t e n t  u i t h  t h e  met er  ( i n  t h i s  c a s e ,  J )

and m
7

J.

J.

' J[N h ft4 4  4

1 1 1
4 4 4

remove t h e  i n c o n s i s t e n t  metronome.

The order  o f  p r i o r i t y  o f  t h e  above  r u l e s  i s  1.  Se t up
2 .  I nduce
3 .  Longnot e
4 .  Upbeat
5 .  S t r e t c h
6 .  Doubl e
7 .  Remove
8 .  I n t e r p o l a t e
9 .  S l i d e
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Appendi x B: Rat i ng  Exper i ment  I n s t r u c t i o n s

In t h i s  e x pe r i me n t  you w i l l  hear  126 s h o r t  rhyt hms .  Each 

rhythm u i l l  be f o u r  or f i v e  n o t e s  l o n g .  As each rhythm i s  

p l a y e d ,  l i s t e n  c a r e f u l l y .  Uhen t he  rhythm i s  o v e r ,  you

u i l l  be as ked t o  j udge  hou u e l l  t h e  l a s t  n o t e  o f  t h e  rhythm

f i t s  t he  r e s t  o f  t he  rhythm.  You u i l l  make your r a t i n g  

u s i n g  a s c a l e  o f  1 to 7 ,  uhe re  a r a t i n g  of  1 i n d i c a t e s  a 

poor f i t ,  and a r a t i n g  o f  7 i n d i c a t e s  a good f i t .

1 2 3 4 5 6 7

poor f i t  <---------------------------------------------------------> good f i t

Th i s  r a t i n g  s c a l e  u i l l  be d i s p l a y e d  on a card in f r o n t  of

you t hr o ug ho ut  t h e  e x p e r i m e n t .  In making your j udg me nt s ,  

t r y  to use  t h e  e n t i r e  s c a l e .  Rhythms u i t h  t he  u o r s t  f i t  

s ho u l d  be r a t e d  ’ 1* and rhythms u i t h  the be s t  f i t  s ho u l d  be 

r a t e d  ’ 7 ’ . (You u i l l  hear some e x a mpl e s  b e f o r e  the  

e x pe r i me nt  b e g i n s . )

[The remai nde r  of  t he  i n s t r u c t i o n s  c o nc e rne d  u s i n g  the  

t e r m i n a l ,  t h e  p r e s e n t a t i o n  o f  t h e  e x a mp l e s ,  and the  

p r a c t i c e  s e s s i o n .  1
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Appendi x C; Tappi ng Res ponse  Examples

1.  Co r r e c t  r e s p o n s e  -  dupl e  meter  ( e n t i r e  r e s p o n s e  s h o u n ) .

SRGraph v. 1.0 Trial no. 13 
London Bridge 4/4 tempo = 250

Grain « 12 msefc/pixel 
Tap adjustment = 0 msec.

— »
1 2 3 4 5 8 7 8
1 1 1 1 1 
J. J J  J  J J J J J  J J  J  J J.

1 1 1

1 1 
J J  J  J J J J J

1 1 • 1

1
J J

' '1• 1

1000 msec.

1 i 1

2 .  Co r r e c t  r e s p o n s e  -  t r i p l e  met er «

SRGraph v. 1.0 Trial no. 11 
Greensleeves 6/8 tempo * 85

Grain = 15 msec/pixel 
Tap adjustment = 0 msec.

— >
1 2 3 4 5
1 1 1 

;  j  j '  j . j j  j  j - j .  j j  j
1

J  J*. J J  J  J  J
1 • ( I I  I I

1
J  J

■ I I I

IllJI U »J.ul
1000 msec.

1 1 1 1
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3 .  Meter e rr or  -  duple  meter ( e n t i r e  r e s p o n s e  s houn) .

SRGraph v. 1.0 Trial no. 14 
Skip to  My Lou 2 '4  tempo = 120

Grain ■ 12 msec/pixel 
Tap adjustment = 0 msec.

1 2 3 4 5 6 7 8

J  M M J  J  J' J J JJJ .V  J  J  J . t J . t JM ; j . l
1 1 • 1 1 •

1 1 
J  J ' J J  J  J

t i l l  I I I

1 1

1000 msec.

1 I  •

4 .  Meter e r r o r  -  dupl e  meter ( e n t i r e  r e s po ns e  
Here t he  t a p p i n g  i s  dupl e  but the  u n i t s  (J. and

s h o u n ) .
J.) are  urong.

SRGraph v. 1.0 Trial no. 30
Nobody Knows the Trouble I ’ve Seen 4/4 tempo = 100

Grain = 20 msec/pixel 
Tap adjustment = 0 msec.

, . _ > >

3 4 5 6
1 1 1 1 

J J ’J  J 'J . J J  1  J'J- J J J J
I I I  l 1 1 • 1 l 1

7
|

J J. J 'J
1 I t  1

1 • I I I

l u  » m m J

1000 msec.

1 1
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5 .  Meter e r r o r  -  t r i p l e  meter ( e n t i r e  r e s p o n s e  s h o u n ) .  
Tappi ng i s  r e a s o n a b l e  but d o e s n ’ t a g r e e  u i t h  t h e  s t a nda r d  
a n a l y s  i s .

SRGraph v. 1.0 Trial no. 22 
Get Along L i t t l e  Dogies 6/8 tempo n 85

Grain * 16 msec/pixel 
Tap adjustment = 0 msec.

1 2 3 4 5

J  J.  J J  J ' . /  J  J.  J J  J  i
• t l

1
J‘ J- J  J ■ J  J. J

|

J* J- JV .r
i < «  it

« i
UllUiN U 1
1000 msec.

1 • I I I * * i 1

6 .  Meter e r r o r  -  t r i p l e  me t e r .

SRGraph v. 1.0 
America/God Save the  Queen

Trial no. 27
tempo = 90

Grain = 20 msec/pixel 
Tap adjustment = 0 msec.

JJ
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7 a .  Phase  e r r o r  -  d u p l e  rneter.

SRGraph v. 1.0 Trial no. 10
He’s  got the  Whole World in  His Hands 4 '4 tempo * 100

Grain = 15 msec'pixel 
Tap adjustment ■ 0 msec.

u> 
”

/¥

CO 
. 6

1
«r j. j  j  j

• • a i t

1 1 1 
J J  J .  J  J J J  J '  J  J

9 9 9 9 9 9 9

J  J ■ J

9 9

9 9 9 9

1000 msec.

• • a

7 b .  S h i f t i n g  t h e  t a p s  300  ms.  t o  t h e  l e f t  shows  t h a t  
above  me t e r  i s  c o r r e c t ;  o n l y  t h e  p h a s e  i s  wrong.

t h e

SRGraph v. 1.0 Trial n& 10
He’s  got the  Whole World in  His Hands 4 '4 tempo = 100

Grain ■ 15 msec'pixel 
Tap adjustment -  -300 msec.

3 4 5
1 1 1

6
1 1 1 
j  j- j. j  j  j  ; ; ; j

• i • i i i • i
J  J .  J  J  J
i i i a

J  J '  , i

I I
i • « a

1000 msec.

a i 1
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8 .  Phase e r r o r  -  t r i p l e  rneter.
An ambiguous  b e g i n n i n g  r e s o l v e s  i n t o  a phase  e r r o r .

SRGraph v. 1.0 Trial no. 22
Get Along L i t t l e  Dogies 6/8 tempo * 85

Grain = 17 msec/pixel 
Tap adjustment = 0 msec.

____^
1 2 3  ̂ 4 5

1 1 1 |
J J. J“ J ‘ J  /  w  J J f  j .  «w j  j  /  j .  m  J

l i t  i • i i i « i i i i i • i i i i i i

1
J J-. M  J .r  .J
I I I I t l

• i i i i i  i/
i. . . . . . . . .  i
1000 msec.

I • I

9 .  Phase e r r o r  -  dupl e  me t e r .  S u b j e c t  c o r r e c t s  phase  at  
measure  10,  but f i r s t  r e s p o n s e  i s  c l e a r l y  a phase  e r r o r .

SRGraph v. 1.0 Trial no. 29 
Yankee Doodle 2/4 tempo = 150

Grain = 10 msec/pixel 
Tap adjustment » 0 msec.

6 7 8 9 10 11 12
1 1 
J*. J J  J  J'  J  J

t i l l

13
1 1 1

j
i i  • i i i

J  T J ‘. i i  J  J'  J  J
1 1  l l

1
J:

i

i  •  •

1000 msec.

1 l 1 I •



153

10.  M i s c e l l a n e o u s  e r r o r  -  t h e r e  i s  no s t a b l e  r e s p o n s e .

SRGraph v. 1.0 Trial no. 
Down in the Ualley 9^8

Grain = 20 mseo'pixel 
Tap adjustment = 0 msec.

/

25
tempo -  100

— »
1 2 3 4 5

j j j j . j  S J J J I
i  i i  i  i  i  • i t

J J J J i .  J-
I I  t i l l

i i J J .
1 1 1 1 1

|

; ; ;  J-
i  i  t  •

i  i

1,1 «“*111 *
1000 msec.

1 1 1 1 i  i



Ap pe ndi x  D: S t i m u l i  f o r  Ex pe r i me nt  4

159

2 / 4  s c o r e s  s c o r e d  BEATS
t i t l e _________________________________ r e f e r e n c e _________ tempo e r r o r
In t h e  W i l d e r n e s s Lomax p . 91 112 c o r r e c t
L i l y  Munroe Lomax p. 164 126 c o r r e c t
Yankee Do o d l e  Dandy- 0 Lomax p . 49 152 c o r r e c t
Cumberland Gap Lomax p . 162 232 c o r r e c t
2 / 4  D e f a u l t  5 new 103 d e f a u l t
Weeping Mary Lomax p . 249 104 d e f a u l t
A F a i r  Be a u t y  B r i d e Lomax p. 195 108 d e f a u l t
2 / 4  D e f a u l t  4 new 128 d e f a u l t
Whoa Ba c k ,  Buck Lomax p . 532 88 s t r e t c h
Come, L i f e ,  S h a ke r  L i f e Lomax p . 73 104 s t r e t c h
The Paw-Paw Pa t c h Lomax p . 92 104 s t r e t c h
S t e a l , Mi s s  L i z a Lomax p . 501 138 s t r e t c h
S a t u r d a y  Ni g h t Lomax p . 499 80 + phas e
2 / 4  P o s i t i v e  Pha s e  4 new 95 + phase
2 / 4  P o s i t i v e  Ph a s e  3 new 107 + phase
Brady Sandburg P.  198 175 + phase
Way Over i n t h e  Heave ns Lomax p. 248 50 -  phase
The B l u e - T a i l  F l y Lomax p . 505 66 -  phase
The J u l i e  PI a n t e Lomax p. 127 76 -  phase
The K i c k i n ’ Mule Lomax p. 441 120 -  phase

4 / 4  s c o r e s s c o r e d BEATS
t i t l e r e f  e r e n c e t empo e r r o r
The Gr e e n l a n d  Whale F i s h e r y Lomax p. 61 84 c o r r e c t
The Sow Took t h e  Me a s l e s Lomax p . 31 176 c o r r e c t
I ’ m Bound t o  F o l l o w  t h e

Longhorn Cows Lomax p. 368 192 c o r r e c t
Hudson Ri v e r  S t e a mb o a t Lomax p . 85 200 c o r r e c t
Hold t h e  Wind Lomax p. 474 88 d e f a u l t
U3de i n t h e  Water Lomax p. 470 90 d e f a u l t
C a r e l e s s  Love Lomax p. 585 100 d e f a u l t
4 / 4  D e f a u 11 new 133 d e f a u l t
Shenandoah Lomax p . 53 72 s t r e t c h
F r a n k i e Lomax p. 569 160 s t r e t c h
The Bi g  Rock Candy Mo unt a i ns Lomax p . 422 168 s t r e t c h
Blow t h e  Candl e  Out Lomax p. 312 184 s t r e t c h
Hurray ,  L i e ! Lomax p. 260 120 + phase
Shady Grove Lomax p. 234 120 + phase
Casey J o n e s Lomax p . 564 200 + phas e
S i n g l e G i r l Lomax p. 166 200 + phase
Dese  Bone s  Gwine R i s e  Agai n Lomax p. 476 100 -  phas e
The Gambl i ng S u i t o r Lomax p. 210 112 -  phas e
S i x t e e n  Tons Lomax p» 294 120 -  phase
B u f f a l o  Boy Lomax p. 315 208 -  phas e
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3 / 4  s c o r e s s c o r e d BEATS
t i t l e r e f  e r e n c e t empo er r or
The Lo n g e s t  Tr a i n Lomax p. 541 104 c o r r e c t
Run Al o ng ,  You L i t t l e  Do g i e s Lomax p. 373 108 c o r r e c t
The Horse  T r a d e r ' s  Song Lomax p. 323 156 c o r r e c t
The Gi r l  I L e f t  Behi nd Lomax p . 318 176 c o r r e c t
I 'm A- Le a v i n '  Cheyenne Loma'x p . 378 126 d e f a u l t
R o l 1 On, Columbia Lomax p. 443 138 d e f  a u 11
Su e e t  B e t s y Lomax p. 335 176 d e f a u 1t
L e t ' s  Go A-Hunt i n' Lomax p. 311 192 d e f a u 1t
3 / 4  S t r e t c h  10 neu 98 s t r e t c h
3 / 4  S t r e t c h  9 neu 134 s t r e t c h
3 / 4  S t r e t c h  8 neu 139 s t r e t c h
3 / 4  S t r e t c h  2 neu 158 s t r e t c h
I r e n e Lomax p. 593 152 + phase
3 / 4  P o s i t i v e  Phase  11 neu 154 + phase
3 / 4  P o s i t i v e  Phase  6 neu 157 + phase
The P r e t t y  F a i r  Ulidou Warner p . 284 225 + phase
3 / 4  N e g a t i v e  Phase  16 neu 96 -  phase
3 / 4  N e g a t i v e  Phase  15 neu 118 -  phase
3 / 4  N e g a t i v e  Phase  12 neu 124 -  phase
3 / 4  N e g a t i v e  Phase  13 neu 135 -  phase

6 / 8  s c o r e s s c o r e d BEATS
t i t l e r e f  e r e n c e t empo e r r o r
Lady I s a b e l

and t h e  E l f  Kni ght Lomax p. 18 120 c o r r e c t
The Re gul ar  Army-0 Lomax p . 340 180 c o r r e c t
I ’ ze the  Bye Lomax p. 149 228 c o r r e c t
L i n c o l n  and L i b e r t y Lomax p . 97 252 c o r r e c t
Whoopee Ti Yi Yo Sandburg P .  268 85 d e f a u l t
P l a i n s  of  B a l t i m o r e Warner p

COin 90 d e f  a u 11
Negro Reel Sandburg P .  134 140 d e f a u l t
The S e r g e a n t ,  He i s  t he

Worst o f  Al l Sandbur g P .  435 140 d e f  a u 11
6 / 8  S t r e t c h  4 neu 79 s t r e t c h
6 / 8  S t r e t c h  5 neu 85 s t r e t c h
6 / 8  S t r e t c h  10 neu 117 s t r e t c h
6 / 8  S t r e t c h  9 neu 137 s t r e t c h
6 / 8  P o s i t i v e  Phase  5 neu 75 + phase
6 / 8  P o s i t i v e  Phase  2 neu 89 + phase
6 / 8  P o s i t i v e  Phase  14 neu 136 + phase
6 / 8  P o s i t i v e  Phase  11 neu 137 + phase
The Mary L. Nackay Lomax p. 144 99 -  phase
C a n a d a - i - o Lomax p. 114 120 -  phase
The B r i t i s h - A m e r i c a n  F i g h t Warner p. 62 125 -  phase
Root ,  Hog,  or Die Lomax p. 333 264 -  phase
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S c o r e s  o f  Neut Rhythms  

2 / 4  D e f a u l t  4
J. J I J J  J I J  -T3 IJ*J J I - Q J  I J J * IJ

2 / 4  D e f a u l t  5
J. J I J 3 / J  I J  J. IJ3J1  IJ. J  1 /3 /3  IJJ  J»IJ J1  IJ

2 / 4  P o s i t i v e  Phas e  3
J J  J I J 3 J 3  1 /3 /3  IJJ  J*IJ3J3 IJ IJU. IJ

2 / 4  P o s i t i v e  Phas e  4
J J  J I J 1 / R  I J J J  IJJ. \ J 2 J 7 3 \ J 1 J  IJJ  J I J

4 / 4  D e f a u 1 1
J. J J 7 I 3  IJJ. J. J I / J J  J 3 J  IJ J I J  J J  IJJ. J. J I / J J  J*J. I 
J. J J 7 J 3  IJJ. J

3 / 4  S t r e t c h  2
j t j  i j  j  j  i j ^ q j  i j  j i j  ij  j  ij  j  j  ij  j j j  innnu j

3 / 4  S t r e t c h  8
J J J  IJ / J J 3  IJ J J IJ. J»J IJ J J IJ J2J2  IJJ. J I JJ. J IJ.

3 / 4  S t r e t c h  9
J73  IJ J J IJ J IJ. J J  IJ J IJ. J  J IJ J J IJ J IJ.

3 / 4  S t r e t c h  10
JT3 IJ J J3  IJ J J3 IJ J J IJ. J J  IJ J J3 IJ J J3 I JJ- J IJ.

3 / 4  P o s i t i v e  Phas e  6
J 3 J  J1  IJ J l / J J  J J I J  J IJ J J IJ J IJ J J IJ.

3 / 4  P o s i t i v e  Phas e  11
J J J  J \ m  J I J J J  J IJ J J I J J J  J IJ3J J IJ3J J IJ.

3 / 4  N e g a t i v e  Phas e  12
j  i j  j i j  i j  n j  u .  j j  i j  j  j  i j  j i j  i j  n j  u . j j  u .

3 / 4  N e g a t i v e  Pha s e  13
J I J7 7 J J  I JT J3 J  IJ773J IJ J I J T O J  I J T H J  IJ. J J  IJ.

3 / 4  N e g a t i v e  Phas e  15
J IJ J 3 J  IJ J J !J J 1 J  IJ J J IJ J !J J J IJ J 3 J  IJ.

3 / 4  N e g a t i v e  Phas e  16
J IJ J 3 J  IJ J3 J  IJ J 3 J  IJ J J IJ J 3 J  IJ J3 J  IJ J IJ.

6 / 8  S t r e t c h  4 ____ ____
JJ J J J J"3 ! J J JJ J J J IJ J J J J J I J. J J  IJ J  J J J  IJ J JJ J J  IJ J J J  J J J I J>



6 / 8  S t r e t c h  5
JT 3 JT 3 IJ7 3 JT J  \JT2JJ2  IJ. J J ' l iT J JT J  IJ33J J J J J J J 7 3  IJ.

6 / 8  S t r e t c h  9
J. J>J IJ73J. IJ J J 7 3 I J  JJ. IJ J J  J>IJ JJ. !J JJ73  IJ.

6 / 8  S t r e t c h  10
J. J J  IJ J JJ  IJ JJ. IJJJJ JJJ . f i l  IJ JJ7 3  IJ JJ73  IJ73 J.

6 / 8  P o s i t i v e  Phase 2
JT3J. IJ J'JTJ IJT3JJ3 IJ71J31 IJ. J. IJT3J JMJ7JJT3 IJ.

6 / 8  P o s i t i v e  Phase 5
J73J. IJ J J 7 J  IJ31J31 IJ J J 7 J  IJ73J. IJ J J 7 J  IJT3JJ3 IJ JJ.

6 / 8  P o s i t i v e  Phase 11
J JJ. IJT3J. IJ73JT3 IJ7JJ. IJ JJ. IJ7JJ. \ m J T 2  IJ.

6 / 8  P o s i t i v e  Phase 14
J72J. IJ JJ. IJ J J  JMJ73J IJ JJ. IJ73J. IJ7JJ73  IJ JJ.
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