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CHAPTER ONE 

INTRODUCTION

An a c t i v i t y  t h a t  we - f r e q ue n t l y  p e r fo r m each d a y ,  y e t  i s  one 

t h a t ' s  p o o r l y  u n d e r s t o o d  i s  t he  judgment  o-f d u r a t i o n .  We've a l l  had 

the  e x p e r i e n c e  o-f e s t i m a t i n g  how much t ime ha s  e l a p s e d  s i n c e  l a s t  

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

ou r  e s t i m a t e .  Yet  on o t h e r  o c c a s i o n s ,  c e r t a i n  a c t i v i t i e s  and e v e n t s  

seem t o  induce  u n d e r  or  o v e r e s t i m a t i o n s  of  d u r a t i o n .  C o n s i d e r ,  f o r  

e x ampl e ,  t h e  i l l u s o r y  f l i g h t  of  t ime when a b s o r b e d  in c e r t a i n  t a s k s ,  

p a r t i c u l a r i l y  ones  of  a p l e a s i n g  or  " f un"  n a t u r e .  Boredom,  on the 

o t h e r  h a n d ,  w i l l  o f t e n  c r e a t e  an e x p e r i e n t i a l  " d r a g g i n g "  o f  t ime 

( H a r t o n  1939 ) .  C o ns i d e r  a n o t h e r  phenomenom t h a t  f r e q u e n t l y  o c c u r s  

when l i s t e n i n g  t o  t h e  r a d i o  o r  w a t c h i n g  t e l e v i s i o n .  He r e ,  one e v en t  

such  a s  a song or  v i s u a l  s c e ne  w i l l  o f t e n  a p p e a r  t o  t r a n s p i r e  more 

q u i c k l y  t ha n  a n o t h e r  even though bo th  a r e  t he  same p h y s i c a l  d u r a t i o n .

Why i s  i t  t h a t  we a r e  o f t e n  v e r y  a c c u r a t e  in our  j u d g m e n t s  of 

p e r c e i v e d  d u r a t i o n  and y e t  in o t h e r  s i t u a t i o n s  we have under  or  

o v e r e s t i m a t e d  an e v e n t ' s  d u r a t i o n  t o  a s i g n i f i c a n t  d e g r e e ?  When 

r e m i n i s c i n g  a bo u t  t he  p a s t ,  why do we remember some e v e n t s  as  

h ap p en i n g  v e r y  q u i c k l y  w h i l e  o t h e r s  seem t o  have u n f o l d e d  much more 

s l o w l y ?  Are i n t e r n a l  f a c t o r s  such a s  mood and i n t e r e s t  t he  s o l e  

d e t e r m i n a n t s  of  t ime j u d g me n t s  or  can the  p h y s i c a l  s t r u c t u r e  of  an

1
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e v e n t  d e t e r m i n e  how i t s  d u r a t i o n  w i l l  be j u d g e d  a n d / o r  remembered?  

F i n a l l y ,  i s  an e v e n t ' s  d u r a t i o n  j u d g e d  t he  same r e g a r d l e s s  of  i t s  

p r e c e d i n g  c o n t e x t ?  Th e s e  v a r i o u s  q u e s t i o n s  have been p e r i o d i c a l l y  

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

s u b s t a n t i a l  amount  o f  r e s e a r c h  in s e a r c h  of  t h e i r  a n s w e r s .

H i s t o r i c a l  Background

H i s t o r i c a l l y ,  t h e  p s y c h o l o g i c a l  s t u d y  of  t i me  can  be t r a c e d  back 

t o  W u n d t ' s  s ch o o l  o f  i n t r o s p e c t i o n i s m .  I t  w a s n ' t  u n t i l  much l a t e r ,  

h owe ve r ,  t h a t  t he  f i r s t  e m p i r i c a l  s t u d i e s  were  c o n d u c t e d .  The 

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

i n v e s t i g a t e d  w h e t h e r  W e b e r ' s  Law h o l d s  f o r  t h e  r e l a t i o n s h i p  be t ween 

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

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

d i f f e r e n c e "  be t ween  two s t i m u l u s  d u r a t i o n s .  I f  W e b e r ' s  Law h o l d s ,  

t h e n  t h e  j n d  be t ween  two d u r a t i o n s  i s  a c o n s t a n t  p r o p o r t i o n  o f  the  

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

o f  e x p e r i m e n t  a n d ,  in g e n e r a l ,  f o un d  t h a t  W e b e r ' s  Law in i t s  s i m p l e s t  

f o rm d oe s  n o t  a p p l y  t o  t i me  d i s c r i m i n a t i o n  ( s e e  A l l a n  & K r i s t o f f e r s o n  

1974 f o r  a r e v i e w ) .  T h i s  f i n d i n g  l a t e r  p r o v o k e d  o t h e r s  t o  i n t r o d u c e  a 

m o d i f i e d  v e r s i o n  o f  W e b e r ' s  Law which  h a s  been  f a i r l y  s u c c e s s f u l  in 

d e s c r i b i n g  t h e  e x p e r i m e n t a l  d a t a  < i e .  T r e i s m a n  1963} G e t t y s  19 7 5 ) ,

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

d i s c r i m i n a t i o n  d i d  n o t  a p p e a r  u n t i l  t h e  1 9 6 0 ' s .  T h i s  o c c u r r e d  w i t h  

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



3

t h e s e  m o d e l s  were  c o n c e r n e d  w i t h  d a t a  r e l e v a n t  t o  W e b e r ' s  Law and 

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

me c h a n i s m s .  Both Cree l man <1962) a n d T r e i s m a n  ( 1 9 6 3 ) ,  -for ex a mp l e ,  

p r o p o s e d  " c o u n t i n g  mode l s "  of  t i me  d i s c r i m i n a t i o n .  Here an i n t e r n a l  

mechani sm i s  as sumed which  a c c u m u l a t e s  c o u n t e d  p u l s e s  f o r  a p r e s e n t e d  

i n t e r v a l .  The summed number  o f  p u l s e s  a r e  t h e n  s t o r e d  in memory f o r  

l a t e r  p r o c e s s e s  o f  r e t r i e v a l  and c o m p a r i s o n .

As t h e  c o g n i t i v e  a p p r oa c h  e v o l v e d ,  howeve r ,  i n t e r e s t  began to  

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

c o n c e r n i n g  t h e  e f f e c t s  o f  no n t e mp o r a l  i n f o r m a t i o n  upon j u d g e d  

d u r a t i o n .  The mos t  p o p u l a r  e x p e r i m e n t a l  i s s u e  t o  emerge f rom t h i s  

r e s e a r c h  i s  known a s  t h e  " f i l l e d  i n t e r v a l  e f f e c t " .  T h a t  i s ,  two 

e q u i v a l e n t  i n t e r v a l s  o f  t i me  a r e  n o t  a l wa y s  j u d g e d  a s  s uch  b u t  a r e  

i n f l u e n c e d  by t h e  n a t u r e  of  i t e m s  t h a t  f i l l  t h e s e  i n t e r v a l s .  For  

e x a m p l e ,  many e x p e r i m e n t s  have i n v e s t i g a t e d  how r e l a t i v e  d u r a t i o n  i s  

i n f l u e n c e d  by s t i m u l u s  f a m i l i a r i t y  <Avant  it Lyman 1975;  Thomas &

Weaver  1 97 5 ) ,  c o m p l e x i t y  ( O r n s t e i n  1969;  Hogan 1975;  S c h i f f ma n  & Bobko

1 9 7 4 ) ,  number o f  i t e ms  < O r n s t e i n  1969;  Adams 1977;  B u f f a r d i  1971) ,  

s e n s o r y  m o d a l i t y  ( G o l d s t o n e  & G o l d f a r b  1964;  G o l d s t o n e  & Lhamon 1974) 

and t a s k  d i f f i c u l t y  <Burns i de  1971;  H i c k s ,  M i l l e r ,  Gaes  te Bierman 

1 9 7 7 ) .  A l t h o u g h  e x p e r i m e n t a l  f i n d i n g s  a r e  o f t e n  c o n t r a d i c t o r y  ( e g .  

Avan t  tc Lyman 1975 v s .  Devane 1974;  S c h i f fm a n  it Bobko 1974 v s .  P o y n t e r  

1 98 3 ) ,  t h e  common a s s u m p t i o n  i s  t h a t  i n t e r v a l s  r e q u i r i n g  g r e a t e r  

i n f o r m a t i o n - p r o c e s s i n g  w i 11 be e x p e r i e n c e d  a s  l o n g e r .

Co n t e mp o r a r y  m o de l s  o f  j u d g e d  d u r a t i o n  have  been  p r i m a r i l y
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d e v e l o p e d  t o  e x p l a i n  t h i s  f i l l e d  i n t e r v a l  e f f e c t .  Each assumes  t h a t  

r e l a t i v e  d u r a t i o n  e s t i m a t e s  w i 11 be a f f e c t e d  by d i f f e r e n t  

i n f o r m a t i o n - p r o c e s s i n g  demands -  t h e s e  mode l s  v a r y  however  in t e rms  of  

what  p a r t i c u l a r  p r o c e s s i n g  mechanism i s  assumed t o  m e d i a t e  j u d g e d  

d u r a t i o n .  In g e n e r a l ,  c u r r e n t  mode l s  have p r op os ed  t h a t  e x p e r i e n c e d  

d u r a t i o n  i s  d e t e r m i n e d  by a)  s i z e  of  memory s t o r a g e  ( O r n s t e i n  1969) ,  

b) a t t e n t i o n a l  e f f o r t  (Underwood & Swain 1973;  Thomas & Weaver 1975) 

or  c)  c h a n g e s  in p r o c e s s i n g  s t r a t e g y  (Block  1978 ) .  As we s h a l l  s e e ,  

no g i v e n  model i s  p r e f e r r e d  o ve r  t he  o t h e r s  b e c a u s e  each l a c k s  

r e l i a b l e  e x p e r i m e n t a l  s u p p o r t .

O v e r a l l  P l a n  o f  D i s s e r t a t i o n

The p r i m a r y  p u r p o s e  o f  t h i s  t h e s i s  i s  t o  c r i t i c a l l y  examine the  

l i t e r a t u r e  and t h e o r i z i n g  a s s o c i a t e d  w i t h  t he  " f i l l e d  i n t e r v a l  

e f f e c t " .  S i n c e  t h i s  r e s e a r c h  h a s  been i n f l u e n c e d  by the 

i n f o r m a t i o n - p r o c e s s i n g  p a r ad i g m,  Chap t e r  Two w i l l  acknowledge t hos e  

u n d e r l y i n g  a s s u m p t i o n s  and m e t h o d o l o g i e s  us ed  in c u r r e n t  

i n v e s t i g a t i o n s .  T h i s  w i l l  be f o l l o w e d  by a summary o f  t he  r e l e v a n t  

l i t e r a t u r e  and v a r i o u s  p r o c e s s i n g  mode l s  o f  j u d g e d  d u r a t i o n .  Chap t e r  

Three  w i l l  t h e n  e v a l u a t e  t he  u t i l i t y  of  t h e s e  mode l s  and p o i n t  ou t  

numerous  p r ob l e ms  t h a t  e x i s t  on b o t h  a t h e o r e t i c a l  and e x p e r i m e n t a l  

l e v e l .  I t  i s  s u g g e s t e d  t h a t  many o f  t h e s e  p r ob l e ms  may be r e s o l v e d  by 

a d o p t i n g  a d i f f e r e n t  t h e o r e t i c a l  approac h  t o  p e r c e p t i o n .  Chap t e r  Four  

w i l l  t h u s  c o n s i d e r  how t i me  r e s e a r c h  may b e n e f i t  f rom the  i n f l u e n c e  of  

D i r e c t  P e r c e p t i o n  Theo r y  (Gibson  1966;  1979)  and more s p e c i f i c a l l y ,  

t he  Rhythmic A t t e n d i n g  Theo r y  of  b e h a v i o r  p r o po s e d  by J o n e s  ( 1 9 7 6 ) .
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An a l t e r n a t i v e  model o-f Judged  d u r a t i o n  i s  p r o p o s e d  in Chap t e r  

Seven which i s  in -fact  g e n e r a t e d  -from J o n e s '  t h e o r y .  I t  p r o p o s e s  t h a t  

e x p e r i e n c e d  d u r a t i o n  s h o u l d  be i n v e s t i g a t e d  w i t h  " n a t u r a l  e v e n t s ” -  

e v e n t s  t h a t  d y n a m i c a l l y  change  d u r i n g  an i n t e r v a l  marked  by a 

p e r c e p t i b l e  b e g i n n i n g  and e n d .  The b a s i c  i d e a  i s  t h a t  n a t u r a l  e v e n t s  

w i t h i n  t he  e n v i r o nm e n t  c o n t a i n  a h i e r a r c h i c a l  o r g a n i z a t i o n  o-f 

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

of  c h an ge .  T h i s  i n v a r i a n t  s t r u c t u r e  can be u s ed  by a p e r c e i v e r  to  

g e n e r a t e  e x p e c t a n c  i e s  a bou t  t he  e v e n t ' s  f u t u r e  c o u r s e ,  i n c l u d i n g  when 

t he  e v e n t  w i l l  e n d .  I f  an e v e n t  ends  a s  e x p e c t e d ,  t he n  d u r a t i o n  

e s t i m a t e s  a r e  p r e d i c t e d  t o  be q u i t e  a c c u r a t e .  However ,  u nde r  or  

o v e r e s t i m a t i o n s  of  d u r a t i o n  w i l l  o c c u r  whenever  an e v e n t  ends  b e f o r e  

or  a f t e r  i t  i s  e x p e c t e d .  The p r i m a r y  goal  o f  s u b s e q u e n t  c h a p t e r s  w i l l  

be t o  i d e n t i f y  some of  t h e  i n v a r i a n t s  t h a t  s p e c i f y  an e v e n t ' s  end .  

Second ,  s e v e r a l  e x p e r i m e n t s  have been c o n d u c t e d  t o  t e s t  wh e t h e r  

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

d u r a t i o n  e s t i m a t e .  The l a s t  c h a p t e r  of  t h i s  d i s s e r t a t i o n  w i l l  t hen  

a t t e m p t  t o  e x t e n d  t h i s  e x p e c t a n c y - b a s e d  model  t o  o t h e r  a r e a s  of  t ime 

r e s e a r c h .

Le t  us  s t a r t  a t  t he  b e g i n n i n g ,  however ,  and examine t he  c u r r e n t  

s t a t u s  of  r e s e a r c h  a d d r e s s i n g  t he  p rob l em of  j u d g e d  d u r a t i o n .



CHAPTER TWO

SOME INFORMATION PROCESSING THEORIES OF JUDGED DURATION

In h i s  1962 book ,  The S t r u c t u r e  o-f S c i e n t i f i c  R e v o l u t i o n s .  Thomas 

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

g u i d e d  by an u n d e r l y i n g  " p a r a d i g m " .  A p a r ad i gm p r o v i d e s  an 

o r g a n i z a t i o n a l  -framework f o r  r e s e a r c h e r s  by s p e c i - f y i n g  a s e t  o-f 

u n i - fy i ng  a s s u m p t i o n s  and a p p r o p r i a t e  m e t h o d o l o g i e s  -for t he  s t u d y  o-f 

i n t e r e s t .  T h i s ,  h o w e v e r ,  o n l y  c h a r a c t e r i z e s  a p a r ad i g m d u r i n g  i t s  

"normal  s t a t e " .  The a c c u m u l a t e d  d a t a  w i l l  e v e n t u a l l y  b e g i n  t o  d i s p l a y  

a n o m a l i e s ,  i n i t i a t i n g  a " r e v o l u t i o n "  in which  t h e  o l d  p a r a d i g m  w i l l  be 

r e p l a c e d  by a new o n e .  I t  i s  o n l y  t h r o u g h  a l t e r n a t i n g  p e r i o d s  o-f 

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

u n d e r s t a n d i n g  e v o l v e s  and e x p a n d s .  In  t h e  i n v e s t i g a t i o n  o-f human 

c o g n i t i o n ,  -for e x a m p l e ,  t h e  B e h a v i o r i s t  p a r ad i g m was  o u s t e d  a r o u n d  

t h i r t y  y e a r s  ago and r e p l a c e d  by t h e  c u r r e n t  p a r ad i gm known as  t h e  

I n - f o r m a t i o n - P r o c e s s i n g  Ap pr oa c h .  I t s  u n d e r l y i n g  a s s u m p t i o n s  have  

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

s o r t s  o-f e x p e r i m e n t a l  s t r a t e g i e s  t h a t  a r e  t o  be u s e d .  The p u r p o s e  o-f 

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

e x p l i c i t .  T h i s  may l a t e r  h e l p  u s  t o  i d e n t i - fy  t h e  s o u r c e  -for any 

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

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

6
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number  o f  c o r o l l a r i e s .

Genera l  P a r a d i g m a t i c  A s s u m p t i on s  of  t he  I n f o r m a t i o n - P r o c e s s i n o  

Approach

In i t s  g e n e r a l  a t t e m p t  t o  e x p l a i n  t he  a c t i v i t i e s  of  p e r c e i v i n g  

and  knowing ,  many i n f o r m a t i o n - p r o c e s s i n g  t h e o r i e s  assume t h a t  t he  

human mind o p e r a t e s  in t he  manner  of  a computer  and m a n i p u l a t e s  

i n t e r n a l  r e p r e s e n t a t i o n s  of  r e a l i t y  ( N e i s s e r  1967;  M i l l e r ,  G a l a n t e r ,  & 

P r i b r a m  1960;  Newel l  4c Simon 1972) .  O b j e c t s  and a c t i v i t i e s  w i t h i n  the  

e n v i r o n m e n t  p r e s uma b l y  c a n n o t  be p e r c e i v e d  in t h e i r  n a t u r a l  f o rm.  

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

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

(Rock 1975;  Gregory  1966;  Kaufman 1974) .  Hence,  me a n in g f u l  p e r c e p t i o n  

can  o n l y  o c c u r  a f t e r  t he  e nv i ro n m e n t  ha s  been " p r o c e s s e d "  by a s e r i e s  

o f  me n t a l  o r  m e d i a t i o n a l  d e v i c e s .  The f u n c t i o n  of  m e d i a t i o n a l  d e v i c e s  

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

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

r e c o d i n g ,  and e l a b o r a t i o n .  The end p r o d u c t s  of  m e d i a t i o n a l  a c t i v i t y  

a r e  me n t a l  c o d e s  which can be s t o r e d  in any one of  many h y p o t h e t i c a l  

memory s y s t e m s .  Menta l  c o d e s  a r e  c o n s i d e r e d  t o  be t he  r e f e r e n t  f o r  an 

o r g a n i s m ' s  b e h a v i o r  b e c a u s e  t h e y  p r e s u ma b l y  r e f l e c t  " r e a l i t y "  more 

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

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

p r o p o s e d  by some i n f o r m a t i o n - p r o c e s s i n g  t h e o r i e s  o p e r a t e  in t e rms  of  

" d i s c r e t e  s a mp l i ng"  ( Turvey  1977;  M i c h a e l s  4< C a r e l l o  1981 ) .  T h a t  i s ,  

i n f o r m a t i o n - p r o c e s s i n g  a c t i v i t i e s  i n i t i a l l y  r ed u c e  e n v i ro n me n ta l
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c o n t e n t s  t o  -fundamental  - f e a t u r e s  and chunks  and l a t e r  r e d i n t e g r a t e  

t h e s e  chunks  t o  a c h i e v e  coded r e - f e r e n t s  o-f b e h a v i o r .  A l t hough  

e n v i r o n m e n t a l  s t i m u l a t i o n  i s  c o n s i d e r e d  t o  be c o n t i n u o u s ,  t he  menta l  

c o d e s  which  r e p r e s e n t  t h i s  s t i m u l a t i o n  a r e  c o n s t r u c t e d  th r ough  

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

T h i s  n o t i o n  o-f d i s c r e t e  s a m p l i n g  can be b e s t  i l l u s t r a t e d  by 

c o n s i d e r i n g  the  c l a s s i c  m u l t i s t o r e  app r o a c h  t o  memory ( A t k i n s on  & 

Shi-f-fr in 1968) .  A c c o r d i n g  t o  t h i s  v i ew,  a t t e n t i o n s !  a c t i v i t i e s  o-f 

- f i l t e r i n g  ( Br oa d b e n t  1958;  Tr e i sman  1964) o r  r e s o u r c e  a l l o c a t i o n  

<Posner  it B o i e s  1971) i n i t i a l l y  r e g i s t e r  an e n v i r o nm e n t a l  s t i m u l u s  

i n t o  a s e n s o r y  memory s y s t e m .  The c o n t e n t s  o f  s e n s o r y  memory a r e  v e r y  

b r i e f  in d u r a t i o n  ( i e .  250 ms t o  5 s e c s )  and q u i t e  f a i t h f u l l y  

r e p r e s e n t  t he  o r i g i n a l  e n v i r o n m e n t a l  s t i m u l u s .  However,  t h e s e  s e n s o r y  

memor i es  do n o t  a c q u i r e  meaning  f o r  an o r ga n i s m u n t i l  a f t e r  a p r o c e s s  

of  p a t t e r n  r e c o g n i t i o n  ha s  o c c u r e d .  Here ,  s t i m u l i  a r e  r e d u ce d  t o  a 

s e t  of  f e a t u r e s  which a r e  t h e n  compared w i t h  c o n t e n t s  o f  l o n g - t e r m  

memory.  I f  f e a u r e s  of  t h i s  new s t i m u l u s  match w i t h  t h o s e  p r e v i o u s l y  

e n o u n t e r e d ,  t he n  t he  s t i m u l u s  ha s  a c q u i r e d  some meaning and may be 

t r a n s f e r r e d  t o  s h o r t - t e r m  memory.  The r e p r e s e n t a t i o n  o f  t he  s t i m u l u s  

now a c q u i r e s  an a c o u s t i c a l  f o r m a t  and c o n s i s t s  of  "chunks"  ( i e .  the 

l a r g e s t  u n i t  of  meaning)  t h a t  e x i s t  f o r  a l i m i t e d  d u r a t i o n  (30 s e c s ) .  

Assuming t h a t  f o r g e t t i n g  does  no t  o c c u r ,  t he  menta l  code c o r r e s p o n d i n g  

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

T h i s  code i s  t y p i c a l l y  s em a n t i c  in n a t u r e  and can be m a n i p u l a t e d  much 

in t he  same way a computer  m a n i p u l a t e s  i t s  i n p u t .  For  example ,  codes
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can  be e l a b o r a t e d  o r  a s s o c i a t e d  w i t h  o t h e r s  t o  enha nc e  me a n in g ,  

t r a n s f e r r e d  among d i f f e r e n t  memory s y s t e m s ,  and r e t r i e v e d  -from memory 

t o  m e d i a t e  t h e  r e s p o n s e  -for any g i v e n  t a s k  or  a c t i v i t y .

I t  i s  a l s o  assumed t h a t  some coded  r e p r e s e n t a t i o n s  o-f w o r l d  

e v e n t s  a r e  more "compl ex"  t h a n  o t h e r s  <eg.  V i t z  & Todd 1969;  Garne r  

1 96 2 ) .  Code c o m p l e x i t y  can be de- f ined in a  number o-f ways ,  i n c l u d i n g  

how much memory s pa c e  t h e  code c ons umes ,  t h e  d e g r e e  o f  a t t e n t i o n a l  

e f f o r t  i t  h a s  e x p e n d e d ,  or  t he  number o f  d i f f e r e n t  p r o c e s s i n g  

s t r a t e g i e s  i t  h a s  e n g a g e d .  R e g a r d l e s s  o f  how i t  i s  d e f i n e d ,  

c o m p l e x i t y  i s  a s sumed t o  have  s i g n i f i a n t  e f f e c t s  upon an o r g a n i s m ' s  

b e h a v i o r  and  p e r f o r m a n c e  l e v e l  (Newel l  & Simon 1972;  N e i s s e r  196 7 ) .

In summary,  t h e  i n f o r m a t i o n - p r o c e s s i n g  p a r ad i gm as s umes  t h a t  

o r g a n i s m s  b e h a v e  r e l a t i v e  t o  c oded  me n t a l  r e p r e s e n t a t i o n s  of  

e n v i r o n m e n t a l  s t i m u l i .  Ul i t h i n  some t h e o r i e s ,  t h e  m e d i a t i o n a l  

a c t i v i t i e s  wh i ch  p r o d u c e  t h e s e  c o d e s  can be c h a r a c t e r i z e d  in t e r m s  o f  

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

t o  f e a t u r e s  and  c h u n k s ,  t r a n s f e r r e d  among s e p a r a t e  memory s t o r e s ,  and 

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

p a r a d i g m a t i c  a s s u m p t i o n s  in t u r n  have i n f  1 uence d  many c o n t e m p o r a r y  

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

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

A s s u m p t i o n s  o f  Co n t e mp o r a r y  Mode l s  A d d r e s s i n o  J udoed  D u r a t i o n

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

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

m e d i a t i o n .  E n v i r o n m e n t a l  s t i m u l i  a r e  p r e s u ma b l y  p r o c e s s e d  by d i s c r e t e
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s t a g e s  o f  m e d i a t i o n a l  a c t i v i t y  and a r e  s u b s e q u e n t l y  r e p r e s e n t e d  in 

t e rms  of  a menta l  code .  When a s k ed  t o  j udge  the  d u r a t i o n  of  a 

s t i m u l u s ,  i t  i s  f u r t h e r  assumed t h a t  a p e r c e i v e r  mus t  i n f e r  t h i s  

e s t i m a t e  f rom the  amount  of  i n f o r m a t i o n - p r o c e s s i n g  t h a t  ha s  o c c u r r e d .  

Some s t i m u l i  a r e  more complex tha n  o t h e r s  b ec a u s e  t h e y  a r e  e i t h e r  

u n o r g a n i z e d  or  c o n t a i n  a g r e a t e r  number of  i t ems  a t  t he  t ime of  

p r e s e n t a t i o n .  S i n ce  complex s t i m u l i  r e q u i r e  g r e a t e r

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

r e l a t i v e  t o  more s imp l e  s t i m u l i  which r e q u i r e  l e s s  

i n f o r m a t i o n - p r o c e s s i n g .  Judged  d u r a t i o n  i s  t h e r e f o r e  d e t e r m i n e d  by 

i n t e r n a l  m e d i a t i o n a l  a c t i v i t y  which i s  o n l y  i n d i r e c t l y  r e l a t e d  t o  t he  

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

I n d i v i d u a l  mo d e l s  d i s a g r e e  on what  p a r t i c u l a r  m e d i a t i o n a l  

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

d u r a t i o n  e s t i m a t e s .  In g e n e r a l ,  t h e s e  mode l s  can be c l a s s i f i e d  i n t o  

t h r e e  c a t e g o r i e s  -  t h o s e  t h a t  f o c u s  on a)  s t o r a g e  s i z e ,  b) a t t e n t i o n a l  

or  p r o c e s s i n g  e f f o r t ,  o r  c )  c o g n i t i v e  c h an g e .  Model s  w i t h i n  t he  f i r s t  

c l a s s  ( e g .  O r n s t e i n  1969) assume t h a t  c o m p l e x i t y  i s  r e f l e c t e d  by the  

amount  o f  memory s t o r a g e  t h a t  a coded  s t i m u l u s  consumes .  E x p e r i e n c e d  

d u r a t i o n  i s  t h u s  i n f e r r e d  f rom the  r e t r i e v e d  c o n t e n t s  of  menta l  s t o r e s  

and t he  amount  o f  i n f o r m a t i o n  r e t a i n e d  in memory.  The s econd  c l a s s  o f  

mo d e l s  assume t h a t  c o m p l e x i t y  and j u d g e d  d u r a t i o n  a r e  d e t e r m i n e d  by 

t he  amount  o f  expended a t t e n t i o n  or  p r o c e s s i n g  e f f o r t  a s s o c i a t e d  w i t h  

a g i v e n  s t i m u l u s  (Underwood & Swain 1973;  Thomas & Weaver  1975) .  

L a s t l y ,  c o g n i t i v e  change  mode l s  assume t h a t  t he  number of  p r o c e s s i n g
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c h a n g e s  w i l l  d e t e r m i n e  b o th  compl ex l y  and d u r a t i o n  Judgment s  (Block 

197B) .  Each o f  t h e s e  mode l s  w i l l  be s h o r t l y  d i s c u s s e d  in c o n s i d e r a b l y  

more d e t a i l  a l o n g  w i t h  t he  s o r t s  of  e x p e r i m e n t s  t y p i c a l l y  o f f e r e d  as  

s u p p o r t .

One o t h e r  a s s u mp t i o n  u n d e r l i e s  a t  l e a s t  one of  t h e s e  mode l s  j u s t  

m e n t i o n e d  ( i e .  O r n s t e i n  1949) .  I t  i s  t h i s :  d i f f e r e n t  t y p e s  of  t ime 

e x p e r i e n c e s  a r e  c o n s i d e r e d  t o  be m e d i a t e d  by d i f f e r e n t  memory s t o r e s ,  

A p p r eh e n s io n  o f  p r e s e n t  t i m e ,  t he  e x p e r i e n c e  of  " nowne s s " ,  i s  d e r i v e d  

f rom s h o r t - t e r m  s t o r a g e  w h i l e  t he  e x p e r i e n c e  of  p a s t  t ime i s  d e r i v e d  

f rom l o n g - t e r m  s t o r a g e  ( O r n s t e i n  1949 ) .  These  two t y p e s  of  t ime 

e x p e r i e n c e s  may n o t  a l ways  c o r r e s p o n d  f o r  t he  same i n t e r v a l  of  

s t i m u l a t i o n  s i n c e  e l a b o r a t i o n  and e n r i c h m e n t  p r o c e s s e s  can occur  a t  

l a t e r  s t a g e s .  For  i n s t a n c e ,  a b o r i n g  t a s k  o f t e n  seems l ong  in p a s s i n g  

b u t  s h o r t  in r e t r o s p e c t .  C o n v e r s e l y ,  a c t i v i t y  t h a t  i s  fun  or  

i n t e r e s t i n g  o f t e n  seems t o  t r a n s p i r e  q u i c k l y  bu t  a p p e a r s  l ong in 

r e t r o s p e c t  ( Ha r t on  1 9 3 9 ) .  P r e s umab l y  t h e  r e a s o n  f o r  t h e s e  

d i s c r e p a n c i e s  in p a s t  t ime i s  t h a t  i n t e r e s t i n g  e x p e r i e n c e s  have a more 

e n r i c h e d  and s t a b l e  memor ia l  r e p r e s e n t a t i o n  t ha n  b o r i n g  e x p e r i e n c e s  

and hence  c o n t a i n  more i n f o r m a t i o n  on which  t o  c o n s t r u c t  a t ime 

e s t  i m a t e .

To s ummar i ze ,  t h e  mo d e l s  of  j u d g e d  d u r a t i o n  t h a t  w i l l  be 

c o n s i d e r e d  h e r e  can be c h a r a c t e r i z e d  by t h r e e  ma j o r  a s s u m p t i o n s :

1) J udged  d u r a t i o n  i s  d e t e r m i n e d  by t he  amount  of  i n f o r m a t i o n  

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

2) C o mp l e x i t y ,  which i s  d i f f e r e n t i a l l y  d e f i n e d  by v a r i o u s  mode 1s ,
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s e r v e s  t o  l e n g t h e n  d u r a t i o n  e x p e r i e n c e

3)  D i f f e r e n t  memory s t o r e s  m e d i a t e  d i f f e r e n t  t i me  e x p e r i e n c e .

The s e  a s s u m p t i o n s  in t u r n  have d e t e r m i n e d  t h e  s o r t s  o f  t a s k s  and 

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

d u r a t i o n  j u d g m e n t s .  In  t h e  n e x t  two s e c t i o n s ,  w e ' l l  r e s p e c t i v e l y  

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

c o n t e x t  in wh i ch  t h e y ' r e  p r e s e n t e d .

E x p e r i m e n t a l  S t i m u l i  Used in R e l a t i v e  D u r a t i o n  T a s k s

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

o f  an i n t e r v a l  r e l a t i v e  t o  i t s  a c t u a l  p a s s a g e  in " c l o c k  t i me"  -  

i n s t e a d  j u d g m e n t s  a r e  i n f e r r e d  f rom t h e  amount  o f  i n f o r m a t o n  

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

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

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

" complex i t y " .

E a r l i e r  we n o t e d  t h a t  many p e r c e p t i o n  t h e o r i s t s  r e g a r d  

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

m e a n i n g l e s s  <eg.  Rock 1975;  Gregory  1 9 66 ) .  The s e l e c t i o n  of  

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

a s s u m p t i o n .  For  e x a m p l e ,  s u b j e c t s  have been a s k e d  t o  compare t ime 

i n t e r v a l s  t h a t  a r e  f i l l e d  w i t h  a b s t r a c t  l i n e  d r a w i n g s  ( O r n s t e i n  194 9 ) ,  

l i s t s  of  wo r ds  o r  nonwords  <Block 1974;  P o y n t e r  1983;  Thomas it Weaver

1 9 7 5 ) ,  s p a t i a l  a r r a n g m e n t s  o f  s t a t i c  l i n e s  ( S c h i f f m a n  & Bobko 1974)  or  

s e r i e s  of  a u d i t o r y  c l i c k s  <Adams 1 97 7 ) .  The c o m p l e x i t y  of  t h e s e  

s t i m u l i  i s  t y p i c a l l y  d e f i n e d  by t h e  number o f  i t e m s  w i t h i n  a t ime
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i n t e r v a l  (number  o-f w o r ds ,  l i n e s ,  or  v i s u a l  a n g l e s )  or  how t h e s e  i t ems  

a r e  a r r a n g e d  ( r an do mi z e d  or  b l o c k e d  p r e s e n t a t i o n ) .  Al t hough  t h e s e  

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

w i l l  p r e s um a b l y  l e n g t h e n  or  s h o r t e n  de p e n d i ng  on how much c o g n i t i v e  

p r o c e s s i n g  ha s  been r e q u i r e d .

M e t h o d o l o g i c a l  P r o c e d u r e s

In t e rm s  o-f t he  t a s k  s i t u a t i o n  in which t h e s e  e x p e r i m e n t a l  

s t i m u l i  a r e  p r e s e n t e d ,  t h e r e  have been a v a r i e t y  o-f me thods  used  in 

t he  s t u d y  o-f j u d g e d  d u r a t i o n .  As A l l a n  (197?)  p o i n t s  o u t ,  many o-f 

t h e s e ,  such  as  t he  v e r b a l  e s t i m a t i o n  and p r o d u c t i o n  m e t h o d s ,  have 

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

r e l a t i v e  t o  r e a l  c l o c k  t i m e .  C u r r e n t  r e s e a r c h  t e n d s  t o  f a v o r  t he  

r e p r o d u c t i o n  and c o m p a r a t i v e  judgment  t e c h n i q u e s  s i n c e  t he  goal  i s  t o  

d e t e r m i n e  how t h e  e x p e r i e n c e d  d u r a t i o n  of  one i n t e r v a l  compares ,  no t  

w i t h  c l o c k  t i m e ,  b u t  w i t h  an i n t e r v a l  t h a t  i s  more s imp l e  or  complex.

In t he  me t hod  o f  r e p r o d u c t i o n ,  s u b j e c t s  a r e  p r e s e n t e d  w i t h  a 

s t i m u l u s  of  some g i v e n  c o m p l e x i t y  and a r e  t he n  r e q u i r e d  t o  r e p r o d u ce  

i t s  d u r a t i o n .  A c o m p a r a t i v e  j udgment  t a s k ,  on the  o t h e r  hand ,  r e q u i r e s  

s u b j e c t s  t o  d e c i d e  which  of  two s u c c e s s i v e l y  p r e s e n t e d  i n t e r v a l s  i s  

l o n g e r  o r  s h o r t e r .  One v a r i a t i o n  o f  t h i s  t e c h n i q u e  i s  known as  the  

me thod of  m a gn i t u d e  e s t i m a t i o n .  In t h i s  s o r t  of  t a s k ,  s u b j e c t s  a r e  

g i v e n  a l i n e  l e n g t h  t o  r e p r e s e n t  t he  d u r a t i o n  of  some i n i t i a l  i n t e r v a l  

and mus t  t he n  de m a r ca t e  a s econd  l i n e  t o  i n d i c a t e  t he  r e l a t i v e  

d u r a t i o n  of  a s e c o n d  i n t e r v a l .  A v a l u e  of  j u d g e d  d u r a t i o n  i s  t hen  

o b t a i n e d  by a s s e s s i n g  t h e  r a t i o  of  t he  two l i n e  l e n g t h s .
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In c o n j u n c t i o n  w i t h  t h e s e  g e n e r a l  m e t h o d o l o g i e s ,  a " p r o s p e c t i v e "  

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

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

t h e  e x p e r i m e n t  t h a t  t i me  j u d g m e n t s  w i l l  be r e q u i r e d  w h i l e  in t he  

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

s u b j e c t s  have p e r f o r m e d  some o t h e r  t a s k .  The p r o s p e c t i v e  m e t h o d ,  

t h e n ,  i s  as sumed t o  r e f l e c t  t h e  p e r c e p t  ion o-f a  t i me  p e r i o d  w h i l e  t he  

r e t r o s p e c t i v e  t e c h n i q u e  h a s  been  s u g g e s t e d  t o  r e - f l e c t  t he  r emember i no  

o-f t h a t  i n t e r v a l .  The p a r t i c u l a r  mo d e l s  o-f j u d e d  d u r a t i o n  t h a t  w e ' l l  

be c o n s i d e r i n g  have  p r i m a r i l y  r e l i e d  upon t h e  r e t r o s p e c t i v e  t e c h n i q u e  

■for e x p e r i m e n t a l  s u p p o r t .  R e g a r d l e s s ,  t h e  a s s u m p t i o n s  o-f t h e s e  mode l s  

a r e  p r o p o s e d  t o  have i m p l i c a t i o n s  -for b o t h  t he  p e r c e p t i o n  and memory 

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

The in-format  i o n - p r o c e s s i n g  mo d e l s  t h a t  a r e  p r e s e n t e d  in t he  

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

t o o l s  t h a t  have  been  r e v i e w e d  h e r e .  Le t  u s  now examine  t h e  s p e c i - f i c  

phenomenon) t h a t  t h e s e  m o de l s  a d d r e s s  -  n ame l y ,  r e s e a r c h  on t he  - f i l l e d  

i n t e r v a l  e-f-fect .

Model s  o-f J ud g e d  D u r a t i o n  and t h e  Phenomena They A d d r e s s

As t h e  c o g n i t i v e  a p p r o a c h  s h i f t e d  away -from i s s u e s  o-f a b s o l u t e  

t h r e s h o l d s  and Weber - f u n c t i o n s ,  i t  became a p p a r e n t  t h a t  n on t e mpor a l  

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

j u d g e d  d u r a t i o n .  T h i s  phenomenon) became known a s  t h e  " f i l l e d  i n t e r v a l  

e f f e c t "  and r e v e a l e d  t h a t  two e q u i v a l e n t  t i me  i n t e r v a l s  a r e  n o t  a l ways  

j u d g e d  t o  be e q u a l .  I n s t e a d ,  t ime j u d g m e n t s  a r e  a f f e c t e d  by t he
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c o m p l e x i t y ,  c o n t e n t ,  and - f a m i l i a r i t y  o-f i t e m s  t h a t  - f i l l  t h e  t ime 

i n t e r v a l .  Many o-f t h e s e  e a r l y  e x p e r i m e n t s  were  c o n d u c t e d  w i t h o u t  t he  

g u i d a n c e  o-f any p a r t i c u l a r  t i me  mo de l ,  c r e a t i n g  a body o f  l i t e r a t u r e  

t h a t  was  more d e s c r i p t i v e  t ha n  e x p l a n a t o r y .  Only l a t e r  was  t h i s  

l i t e r a t u r e  i n c o r p o r a t e d  by v a r i o u s  mo de l s  which  a t t e m p t e d  t o  s p e c i f y  

t h e  u n d e r l y i n g  c o g n i t i v e  p r o c e s s e s  of  j u d g e d  d u r a t i o n .  In the  

f o l l o w i n g  s e c t i o n s ,  we w i l l  f i r s t  summar ize  t h e  g e n e r a l  e x p e r i m e n t a l  

l i t e r a t u r e  a d d r e s s i n g  t h e  f i l l e d  i n t e r v a l  e f f e c t .  Next  w e ' l l  d i s c u s s  

some p a r t i c u l a r  mo de l s  o f  j u d g e d  d u r a t i o n  t h a t  have been i n f l u e n c e d  by 

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

The F i l l e d  I n t e r v a l  E f f e c t

In  one o f  t h e  e a r l i e s t  e x p e r i m e n t s ,  O o l d s t o n e  it G o l d f a r b  (1963)  

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

t o n e )  i s  j u d g e d  l o n g e r  t h a n  an empty i n t e r v a l  ( d e f i n e d  by two c l i c k  

b o u n d a r i e s )  of  t h e  same l e n g t h .  O t h e r s  have  r e p l i c a t e d  t h i s  e f f e c t  and 

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

j u d g e d  l o n g e r  t h a n  an empty one -  j u d g e d  d u r a t i o n  i n c r e a s i n g  w i t h  t h e  

number  of  i n t e r v e n i n g  e v e n t s  (Adams 1977;  Thomas it Brown 1 9 7 4) .  In 

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

w i t h  more s t i m u l u s  i n f o r m a t i o n .  T h i s  i n t e p r e t a t i o n  h a s  been 

q u e s t i o n e d ,  howeve r ,  by e x p e r i m e n t s  which  r e p o r t  an o p p o s i t e  f i n d i n g .  

U s i ng  t h e  r e t r o s p e c t i v e  t e c h n i q u e  a t  i n t e r v a l s  l o n g e r  t h a n  one s e c o n d ,  

an empty i n t e r v a l  i s  o f t e n  J udge d  l o n g e r  t h a n  an i n t e r v a l  f i l l e d  w i t h  

some s o r t  o f  c o g n i t i v e  t a s k  ( B u r n s i d e  1971;  McKay & T i mo t hy  1 9 77 ) .

O t h e r  r e s e a r c h e r s  have  i n v e s t i g a t e d  how t h e  p a r t i c u l a r
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a r r a n g e m e n t  of  f i l l e r  i t ems  may d i f f e r e n t i a l l y  a f f e c t  j u d g e d  d u r a t i o n .  

In an e a r l y  e x p e r i m e n t  c o n d u c t e d  by Brown & H i t c hcock  (1965)  i t  was 

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

two i n t e n s i t i e s  o r  f r e q u e n c i e s  a r e  j u d g e d  c o m p a r a t i v e l y  l o n ge r  than  

c o n s t a n t  f i l l e d  i n t e r v a l s ,  P o y n t e r  <19B3) h as  r e c e n t l y  e x t e n d e d  t h e s e  

f i n d i n g s .  He r e p o r t s  t h a t  s a l i e n t  words  ( i e .  P r e s i d e n t i a l  names) ,  

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

w o r d s ,  r e s u l t  in 1onoer  d u r a t i o n  j u d g m e n t s  t ha n  when t h e  s a l i e n t  words  

a r e  a l l  c l u s t e r e d  a t  t he  b e g i n n i n g  of  an i n t e r v a l .  However ,  an 

e x p e r i m e n t  p e r f o r m e d  by Sc h i f f ma n  & Bobko <1974) p r o v i d e  c o n f l i c t i n g  

r e s u l t s  w i t h  t he  use  of  t he  r e p r o d u c t i o n  me t hod .  They f i n d  t h a t  i f  

e i g h t  d i s c r e t e  l i n e s  a r e  s p a t i a l l y  a r r a n g e d  in an o r d e r l y ,  p r e d i c t a b l e  

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

more h a p h a z a r d l y  a r r a n g e d .

The e f f e c t s  o f  s t i m u l u s  f a m i l i a r i t y  ha s  a l s o  been examined bu t  

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

Lyman <1975) r e p o r t  t h a t  a t h r e e - l e t t e r  word i s  j u dg e d  s h o r t e r  t han  a 

t h r e e - l e t t e r  nonword.  Devane ( 1 9 7 4 ) ,  on the  o t h e r  hand ,  f i n d s  t h a t  

f a m i l a r  words  a r e  j u d g e d  l o n g e r  t ha n  u n f a m i l a r  w o r ds ,  w h i l e  Thomas & 

Weaver <1975) d e m o n s t r a t e  no d i f f e r e n c e  between t he  two.  In each 

e x p e r i m e n t ,  however ,  words  or  nonwords  were  j u d g e d  l o n g e r  t han  the  

p r e s e n t a t i o n  o f  a b l a nk  f i e l d .  Avant  & Lyman <1975) s u g g e s t  t h a t  

t h e s e  i n c o n s i s t e n c i e s  may be e x p l a i n e d  by t he  t o t a l  d u r a t i o n  of an 

e v e n t ,  At s h o r t  i n t e r v a l s ,  f a m i l a r i t y  may be t he  mos t  s a l i e n t  a s p e c t  

on which t o  ba se  j u d g m e n t s  bu t  a t  l o n g e r  d u r a t i o n s ,  o t h e r  c o g n i t i v e
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a c t i v i t i e s  and s t i m u l u s  p r o p e r t i e s  may become more i m p o r t a n t .

L a s t l y ,  s e v e r a l  e x p e r i m e n t s  have i n v e s t i g a t e d  t h e  e f f e c t s  o-f t a s k  

d i - f - f i c u l t y  upon j u d g e d  d u r a t i o n .  B u r n s i d e  ( 1 9 7 1 ) ,  f o r  e x a m p l e ,  a s ke d  

s u b j e c t s  t o  p e r f o r m  v a r i o u s  m a t h e m a t i c a l  t a s k s  t h a t  d i f f e r e d  in t h e i r  

l e v e l  o f  d i f f i c u l t y  ( i e .  r e a d i n g  numbers  v s .  m u l t i p l i c a t i o n ) .  When 

l a t e r  a s k e d  t o  r e p r o d u c e  t h e  t ime i n t e r v a l  in wh i ch  a t a s k  was 

p e r f o r m e d ,  s u b j e c t s  j u d g e d  t h e  more d i f f i c u l t  t a s k s  a s  s h o r t e r  in 

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

M i l l e r ,  and  K i n s b o u r n e  1976;  H i c k s ,  M i l l e r ,  Gaes ,  & Bierman 1 9 7 7 ) ,  

many e x p e r i m e n t s  have  p r o v i d e d  c o n t r a d i c t o r y  r e s u l t s  ( B l oc k  & Reed 

1978;  Underwood & Swain 1 9 73 ) .

In summary,  t h e  e x i s t i n g  l i t e r a t u r e  on t h e  f i l l e d  i n t e r v a l  e f f e c t  

h a s  f a i l e d  t o  p r o v i d e  any r e l i a b l e  f i n d i n g s .  E x p e r i m e n t a l  

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

and  s t i m u l u s  " e m p t i n e s s "  have  a l l  y i e l d e d  c o n f l i c t i n g  r e s u l t s .  Some 

of  t h e s e  i n c o n s i s t e n c i e s  may a r i s e  f rom t h e  u s age  of  d i f f e r e n t  

d u r a t i o n s ,  t a s k s  and t e c h n i q u e s  a c r o s s  d i f f e r e n t  e x p e r i m e n t s .  L a t e r  

I ' l l  i l l u s t r a t e  how t h e s e  i n c o n s i s t e n c i e s  may a l s o  be due t o  i m p r e c i s e  

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

T h r e e  1n f o r m a t i o n - P r o c e s s i n o  Model s  o f  J udoe d  D u r a t i o n

Many o f  t h e  c u r r e n t  t h e o r i e s  o f  t i me  p e r c e p t i o n  have  been o f f e r e d  

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

and t h e  r o l e  o f  n o n t e mp o r a l  i n f o r m a t i o n  upon j u d g e d  d u r a t i o n .  Al l  

assume t h a t  a f i l l e d  i n t e r v a l  i s  j u d g e d  l o n g e r  t h a n  an empty one 

b e c a u s e  t h e  f o r m e r  i s  more complex and t h e r e f o r e  r e q u i r e s  more
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i n- format ion p r o c e s s i n g .  A ma j o r  goal  o-f t h e s e  m o de l s ,  however ,  has  

been t o  e x t e n d  t h i s  c o n c e p t  t oward  e x p l a i n i n g  why two -fi 1 l e d  i n t e r v a l s  

o-f t he  same d u r a t i o n  a r e  d i f f e r e n t i a l l y  j u d g e d .  As me n t i o n ed  e a r l i e r ,  

t h e s e  mode l s  can be c a t e g o r i z e d  i n t o  t h o s e  t h a t  emphas i ze  t he  

m e d i a t i o n  of  s t o r a g e  s i z e ,  p r o c e s s s i n g  e f f o r t ,  or  c o g n i t i v e  cha n g e .  

L e t ' s  c o n s i d e r  each  in t u r n  a l o n g  w i t h  t he  s o r t s  of  e x p e r i m e n t s  t h e y  

have g e n e r a t e d .

S t o r a g e  S i z e  Model s

In h e r  195? d i s s e r t a t i o n ,  F r a n k e n h a u s e r  p ro p o s e d  the  n o t i o n  t h a t :

"The e x p e r i e n c e  o f  a c e r t a i n  d u r a t i o n  i s  
r e l a t e d  t o  t h e  t o t a l  amount of  e x p e r i e n c e  
< s e n s a t i o n s ,  p e r c e p t i o n s  c o g n i t i v e  and e mo t i ona l  
p r o c e s s e s ,  e t c .  which  t a k e s  p l a c e  w i t h i n  t h i s  t ime 
p e r i o d ,  in s h o r t ,  t h e  amount  of  me n t a l  c o n t e n t .
<p.  14)"

Ten y e a r s  l a t e r ,  O r n s t e i n  <196?) combined t h i s  c o n c e p t  of  t ime 

w i t h  t he  s t r u c t u r a l  model of  i n f o r m a t i o n - p r o c e s s i n g  <a l a  A t k i n s on  & 

S c h i f f r i n  1968) t o  d e v e l o p e  the  " S t o r a g e  S i z e  H y p o t h e s i s "  of  t ime 

p e r c e p t i o n .  A c c o r d i n g  t o  t h i s  mo d e l ,  e s t i m a t e s  of  t ime depend upon 

t he  amount  o f  i n f o r m a t i o n  r e t a i n e d  in s h o r t - t e r m  memory ( f o r  e s t i m a t e s  

o f  p r e s e n t  t i me )  or  in l o n g - t e r m  memory <for  e s t i m a t e s  o f  p a s t  t i m e ) .  

In a d d i t i o n ,  t he  more c hunks  o f  i n f o r m a t i o n  r e t a i n e d  in s t o r a g e  the 

l o n g e r  t he  t i me  j u d gm e n t .  F i l l e d  i n t e r v a l s  c r e a t e  a l o n g e r  t empora l  

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

more chunks  o f  i n f o r m a t i o n  t o  p r o c e s s ,  bu t  r e q u i r e  o r g a n i z a t i o n  d u r i n g  

the  e n c o d i n g  p r o c e s s .  As s u p p o r t  f o r  t h e s e  c l a i m s ,  he h a s  c o n d uc t e d  a 

s e r i e s  of  e x p e r i m e n t s  u s i n g  the  ma g n i t ude  e s t i m a t i o n  t a s k  in
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c o n j u n c t i o n  w i t h  t he  r e t r o s p e c t i v e  t e c h n i q u e .

In some e x p e r i m e n t s ,  O r n s t e i n  i n v e s t i g a t e d  t h e  e f f e c t s  of  

c o m p l e x i t y  on j u d g e d  d u r a t i o n .  He h y p o t h e s i z e d  t h a t  a more complex 

s t i m u l u s  would  r e q u i r e  more s t o r a g e  s pa c e  in memory and would 

t h e r e f o r e  r e s u l t  in a l o n g e r  t i me  e s t i m a t e .  Compl ex i t y  was d e f i n e d  in 

some e x p e r i m e n t s  a s  an i n c r e a s e d  number of  a n g l e s  w i t h i n  f i g u r e  

d r a w i n g s  w h i l e  in o t h e r s ,  i t  was d e f i n e d  a s  a r andomi zed  ( v s .  b lo c ke d )  

p r e s e n t a t i o n  Df a u d i t o r y  or  v i s u a l  s e q u e n c e s .  Us ing t ime i n t e r v a l s  

r a n g i n g  be t ween 30 s e c s ,  and 10 m i n s . ,  h i s  r e s u l t s  showed t h a t  

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

o n l y  up t o  a c e r t a i n  p o i n t .  T h i s  p o i n t  was assumed t o  be a t ype  of  

c e i l i n g  e f f e c t  where no f u r t h e r  i n f o r m a t i o n  c o u l d  be s t o r e d  or  

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

In a n o t h e r  s e t  of  e x p e r i m e n t s ,  O r n s t e i n  t e s t e d  t he  a s s umpt i on  

t h a t  c o d i n g  p r o c e s s e s  a f f e c t  j u d g e d  t i m e .  One e x p e r i m e n t ,  f o r  

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

s i t u a t i o n  i s  l e s s  aware of  the  s t i m u l u s  a r r a y ,  and s h o u l d  t h e r e f o r e  

e x p e r i e n c e  l e s s  d u r a t i o n  tha n  a p e r s o n  no t  r e s p o n d i n g  a u t o m a t i c a l l y .

To t e s t  t h i s  n o t i o n ,  s u b j e c t s  were  t r a i n e d  t o  d i f f e r e n t  l e v e l s  of  

a u t o m a t i c i t y  in a p u r s u i t  r o t o r  t a s k .  They were t hen  a s k e d  t o  compare 

t h e  d u r a t i o n  of  t h i s  mot or  t a s k  t o  an e q u i v a l e n t  d u r a t i o n  of  a u d i t o r y  

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

t h e  motor  t a s k  a s  b e i n g  s h o r t e r ,  p r e s uma b l y  b ec a u se  t h e y  c o u l d  a t t e n d  

t o  l e s s  of  t he  mot or  s i t u a t i o n .

For  s e v e r a l  y e a r s ,  Q r n s t e i n ' s  model was immensely p o p u l a r  s i n c e
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i t  a p p e a r e d  t o  h a n d l e  t h e  f i l l e d  i n t e r v a l  d a t a  q u i t e  w e l l .  As 

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

s e v e r a l  i n v e s t i g a t o r s  t o  q u e s t i o n  t h e  v a l i d i t y  o f  t he  S t o r a g e  S i z e  

H y p o t h e s i s .  Us i ng  O r n s t e i n ' s  m e t h o d o l o g y ,  Block <1974) f o r  example  

r e p o r t e d  t h a t  a  s e q u e n c e  o f  word b l o c k e d  by s e m a n t i c  c a t e g o r y  was 

j u d g e d  t o  have a  g r e a t e r  d u r a t i o n  t h a n  a random a r r a n g e m e n t  of  t he  

same w o r d s .  S i n c e  a random a r r a n g e m e n t  p r e s u m a b l y  c o n t a i n s  more 

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

m o d e l .  P o y n t e r  (1983)  f o u nd  a s i m i l a r  r e s u l t :  word s e q u e n c e s

s eg me n t ed  by s a l i e n t  wor ds  were  j u d g e d  l o n g e r  t h a n  more complex ,  

u ns eg me n t e d  s e q u e n c e s .  Block (1974)  s u g g e s t s  t h a t  O r n s t e i n ' s  n o t i o n s  

o f  c o m p l e x i t y  and  s t o r a g e  s i z e  a r e  t o o  s i m p l i s t i c  and can be 

r e i n t e p r e t t e d  in t e r m s  of  a  c o g n i t i v e  change  h y p o t h e s i s  t h a t  w i l l  be 

d i s c u s s e d  s h o r t l y .

P r o c e s s i n g  E f f o r t  Model s

A n o t h e r  m a j o r  c r i t i c i s m  of  O r n s t e i n ' s  model  d e r i v e s  f rom 

Underwood & S w a i n ' s  <1973)  c l a i m  t h a t  t h e  r o l e  o f  a t t e n t i o n  i s  

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

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

l e n g t h e n e d  t i me  j u d g m e n t s ,  Underwood & Swain c o r r e c t l y  p o i n t  o u t  t h a t  

t h i s  i s n ' t  n e c e s s a r i l y  t r u e .  I n c r e a s e d  s e l e c t i v i t y  o f  a t t e n t i o n  may 

n o t  a l wa y s  r e s u l t  in a g r e a t e r  amount  of  i n f o r m a t i o n  b e i n g  r e t a i n e d  in 

memory b u t  r a t h e r  can i n v o l v e  t h e  p r o c e s s i n g  o f  a n a r r o w e r  r a n g e  of  

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

b r o a d e r  r a n g e  o f  v a r i e d  s t i m u l a t i o n  and c o u l d ,  in f a c t ,  r e s u l t  in more
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i n f o r m a t i o n a l  "chunks"  b e i n g  r e t a i n e d  in s h o r t - t e r m  s t o r a g e .  By t h i s  

r a t i o n a l e ,  t h e n ,  Underwood & Swain a rgue  t h a t  d u r a t i o n  j udgme n t s  a r e  

d e t e r m i n e d  by t he  d e g r e e  of  p r o c e s s i n g  e f f o r t  ( o r  s e l e c t i v e  a t t e n t i o n )  

t h a t  a s u b j e c t  e xpe nds  -  g r e a t e r  e f f o r t  or  s e l e c t i v i t y  l e a d i n g  t o  

l o n g e r  t ime j u d g m e n t s .  I t e ms  c o n t a i n i n g  more chunks  of  i n f o r m a t i o n  

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

n o t  b e c a u s e  t h e y  consume more s t o r a g e  s pa c e  in memory.

To j u s t i f y  t h i s  c l a i m ,  Underwood & Swain (1973)  c o n d uc t e d  an 

e x p e r i m e n t  where  s e l e c t i v e  a t t e n t i o n  was v a r i e d  i n d e p e n d e n t l y  of  

i n f o r m a t i o n  c o n t e n t .  S u b j e c t s  were  a s k e d  t o  d e t e c t  t a r g e t  d i g i t s  

embedded in p r o s e  p a s s a g e s  t h a t  were p a r t i a l l y  masked by v a r y i n g  

i n t e n s i t i e s  of  w h i t e  n o i s e .  Upon c o m p l e t i o n  of  t he  d e t e c t i o n  t a s k ,  

s u b j e c t s  were  u n e x p e c t e d l y  a s k e d  t o  j udge  the  r e l a t i v e  d u r a t i o n  o f  

each  p a s s a g e  in a ma g n i t u d e  e s t i m a t i o n  t a s k .  Those p a s s a g e s  masked by 

a h i gh  i n t e n i t y  n o i s e ,  t h u s  r e q u i r i n g  g r e a t e r  s e l e c t i v e  a t t e n t i o n ,  

were  j u d g e d  l o n g e r  than  t h o s e  masked by a low i n t e n s i t y  n o i s e .  S ince  

d e t e c t i o n  l e v e l s  i n d i c a t e d  t h a t  1 e s s  i n f o r m a t i o n  was p i c k e d - u p  in 

t h e s e  h i gh  i n t e n s i t y  masked p a s s a g e s ,  O r n s t e i n ' s  S t o r a g e  S i ze  

H y p o t h e s i s  i s  c a s t  i n t o  s e r i o u s  d o u b t .

Thomas & Weaver (1975)  p r o v i d e  a d d i t i o n a l  e v i d e n c e  f o r  t he  c l a i m  

t h a t  p r o c e s s i n g  e f f o r t  a f f e c t s  j u d ge d  d u r a t i o n .  In t h e i r  e x p e r i m e n t s ,  

s u b j e c t s  were  f i r s t  t r a i n e d  t o  d i s c r i m i n a t e  among s h o r t  (20 ms ) ,  

medium (60 m s ) ,  or  l ong  (100 ms) b l a nk  f i e l d s .  F o r t y  and e i g h t y  

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

words  o r  nonwords ,  or  an empty i n t e r v a l  d e f i n e d  by two c l i c k
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b o u n d a r i e s .  The s u b j e c t s 7 t a s k  a t  t h i s  p o i n t  was  t o  i d e n t i t y  each 

s t i m u l u s  a s  b e i n g  l o n g ,  medium,  or  s h o r t .  R e s u l t s  i n d i c a t e d  t h a t  

v e r b a l  s t i m u l i  were  j u d g e d  l o n g e r  t ha n  empty i n t e r v a l s ,  and in 

c o n d i t i o n s  r e q u i r i n g  s u b j e c t s 7 t o  a d d i t i o n a l 1y memor ize s t i m u l i ,  the 

t i l l e d  v s .  empty i n t e r v a l  d i t t e r e n c e  i n c r e a s e d .  Thomas & Weaver 

< i ?75 )  e x p l a i n  such r e s u l t s  in t e rms  o t  a dual  c o g n i t i v e  p r o c e s s  in 

which t empora l  i n t o r m a t i o n  i s  o b t a i n e d  t rom a t i m e r  <an t  p r o c e s s o r )  

and a v i s u a l  i n t o r m a t i o n  <g) p r o c e s s o r .  The o u t p u t  o t  t he  t  t i me r  i s  

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

p r o c e s s o r  c o n t a i n s  an e n c o d i n g  o t  the  non tempora l  s t i m u l u s  t e a t u r e s  

and an e n c o d i n g  o t  t he  t ime s p e n t  p r o c e s s i n g ,  I .  A t t e n t i o n  i s  s h a r e d  

be tween t he  t  and g p r o c e s s o r s  such t h a t  t he  o u t p u t  o t  t he  t  p r o c e s s o r  

becomes  more u n r e l i a b l e  a s  t he  g p r o c e s s o r  c a p t u r e s  more a t t e n t i o n .  

When I i s  l a r g e ,  due t o  t i l l e d  i n t e r v a l s  or  memory demands,  the  t  

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

v a r i a b l e  t h a n  when 1 i s  s ma l l  ( empty i n t e r v a l s ) .  A c c o r d i n g  t o  t h i s  

app r oac h  t h e n ,  j u d g e d  d u r a t i o n  depends  on I o r  t he  amount o t  

p r o c e s s i n g  t i m e .  In c o n t r a s t  t o  t he  l o n g e r  d u r a t i o n s  u s ed  by 

O r n s t e i n ,  Thomas & Weaver c a u t i o n  t h a t  t h e i r  model o n l y  a p p l i e s  t o  

d u r a t i o n s  l e s s  t ha n  100 ms.

T h e r e  a r e  o t h e r  a t t e n t i o n a l  mode l s  o t  j u d g e d  d u r a t i o n  t h a t  we 

have n o t  y e t  c o n s i d e r e d .  These  mode l s  g e n e r a l l y  assume t h a t  

e x p e r i e n c e d  d u r a t i o n  i s  d e t e r m i n e d  by t he  amount  o t  a t t e n t i o n  d i r e c t e d  

toward  t h e  p a s s a g e  o t  r e a l  t ime ( e g .  P r i e s t l y  1968} Zakay,  N i t z a n  & 

G l i c k s j o h n  198 3 ) .  T h a t  i s ,  t he  a c t u a l  p h y s i c a l  d u r a t i o n  o t  a s t i m u l u s
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i s  p r e s u m a b l y  r e c o r d e d  by a  c o g n i t i v e  t i m e r  and e s t i m a t e s  a r e  b a s e d  on 

how much " r e a l  t i me"  h a s  been  r e g i s t e r e d .  S i n c e  t h i s  t i m e r  mus t  

compete  w i t h  o t h e r  c o g n i t i v e  me chan i s ms  f o r  t h e  a l l o c a t i o n  o-f 

a t t e n t i o n ,  more t e mp o ra l  d u r a t i o n  w i l l  be r e c o r d e d  when o t h e r  

i n f o r m a t i o n  l o a d s  a r e  r e d u c e d .  To t e s t  t h i s  m o d e l ,  s u b j e c t s  a r e  a s ked  

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

S e v e r a l  e x p e r i m e n t s  have  in f a c t  r e p o r t e d  t h a t  " l o n g e r "  e s t i m a t e s  a r e  

o b t a i n e d  f o r  e a s i e r  t a s k s  -  p r e s u ma b l y  b e c a u s e  more a t t e n t i o n  i s  

d i r e c t e d  t o w a r d  a c t u a l  p h y s i c a l  d u r a t i o n  ( B u r n s i d e  1971;  H i c k s ,

M i l l e r ,  & K i n s b o u r n e  1976;  Za k a y ,  N i t z a n  At G l i c k s j o h n  19 8 3 ) .

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

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

be made w i t h  c a u t i o n .  In p a r t i c u l a r ,  t h e  " c o g n i t i v e  t i m e r "  mo d e l s  

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

C o n v e r s e l y ,  t h o s e  m o d e l s  p r o p o s e d  by Thomas & Weaver  (1975)  and 

Underwood tt Swain ( 1973 )  examine  t h e  d u r a t i o n  of  i n t e r v a l s  f i l l e d  w i t h  

e n v i r o n m e n t a l  s t i m u l i  ( i e .  w o r d s ,  n o ns e ns e  w o r d s ,  and c l i c k s ) .  The 

f o r m e r  s i t u a t i o n  r e q u i r e s  a s u b j e c t  t o  be more a c t i v e l y  i n v o l v e d  

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

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

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

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

r e s o l v e  t h i s  i s s u e ,  t h e r e  i s  one e x i s t i n g  s t u d y  t h a t  p r o v i d e s  some 

i n t e r e s t i n g  i n s i g h t .  S p e c i f i c a l l y ,  Vroon (1970)  h a s  shown t h a t  

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

r e s p o n d i n g  i s  r e q u i r e d .  I f  no o v e r t  a c t i v i t y  i s  r e q u i r e d ,  then  

g r e a t e r  amount s  o f  i n f o r m a t i o n  r e s u l t  in l o n g e r  d u r a t i o n  e s t i m a t e s .

In summary,  t he  two c l a s s e s  of  a t t e n t i o n a l  mo d e l s  r e v i e we d  he re  

a r e  b a s e d  on d i f f e r e n t  u n d e r l y i n g  a s s u m p t i o n s .  Model s  p r op os ed  by 

Underwood & Swain (1973)  and Thomas & Weaver (1975)  bo th  assume t h a t  

d u r a t i o n  e s t i m a t e s  a r e  d e t e r m i n e d  by t he  amount  of  i n f o r m a t i o n  

p r o c e s s i n g  t i m e .  The p r e s e n c e  o f  non tempora l  i n f o r m a t i o n  r e q u i r e s  

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

The c o g n i t i v e  t i m e r  m o d e l s ,  on t he  o t h e r  h a n d ,  p r op o s e  t h a t  j u d g e d  

d u r a t i o n  de pe nds  on how much " r e a l  t i me"  ha s  been r e g i s t e r e d  by the  

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

b ec a u s e  i t  d i r e c t s  a t t e n t i o n  away f rom the  a c t u a l  p h y s i c a l  d u r a t i o n  of  

a s t i m u l u s .  These  l a t t e r  mode l s  w i l l  n o t  be c o n s i d e r e d  a g a i n  b ec a u se  

t h e y  a r e  o n l y  c o n c e r n e d  w i t h  t h e  e f f e c t s  of  c o g n i t i v e  t a s k s  upon 

j u d g e d  d u r a t i o n .  They do n o t  a d d r e s s  t he  d u r a t i o n  of  i n t e r v a l s  f i l l e d  

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

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

C o n t e x t u a l  Chanoe Models

R i c h a r d  Block ha s  p r o v i d e d  a number o f  s t u d i e s  t h a t  a r e  

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

of  t ime p e r c e p t i o n .  He s u g g e s t s  t h a t  t he  bu l k  of  t ime r e s e a r c h  can be 

e x p l a i n e d  by a c o n t e x t u a l  change  h y p o t h e s i s  (Block  1978;  1984 ) .  His  

b a s i c  a s s u mp t i on  i s  t h a t  e x p e r i e n c e d  d u r a t i o n  de pe nds  on the  amount of 

change  in c o g n i t i v e  c o n t e x t  o c c u r r i n g  d u r i n g  a g i v e n  t ime i n t e r v a l .
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J udged  d u r a t i o n  p r e s u ma b l y  i n c r e a s e s  when s t i m u l u s  or  t a s k  

c h a r a c t e r i s t i c s  c r e a t e  c h a n g e s  in p r o c e s s i n g  s t r a t e g y .  These  changes  

a r e  m o n i t o r e d  by an i n t e r n a l  c o g n i t i v e  d e v i c e  which l a t e r  o u t p u t s  t he  

code c o m p l e x i t y  -for any g iv e n  t ime i n t e r v a l .

To c o n t r a s t  t he  v a l i d i t y  o-f t he  s t o r a g e  s i z e ,  p r o c e s s i n g  e f f o r t ,  

and c o g n i t i v e  change  h y p o t h e s e s ,  Block & Reed (1978)  c o n d u c t ed  a s e t

o-f e x p e r i m e n t s  where  s u b j e c t s  were  a s ked  t o  p r o c e s s  a l i s t  of  words  to

d i f f e r e n t  d e p t h s  o f  p r o c e s s i n g .  For  e xampl e ,  some s u b j e c t s  were f i r s t  

a s ked  t o  j udge  t h e  t y p i n g  s t y l e  of  words  ( i e .  a s h a l l o w  t a s k )  and the n  

t o  c a t e g o r i z e  a d i f f e r e n t  s e t  of  wo r ds  i n t o  v a r i o u s  s em a n t i c  

c a t e g o r i e s  ( i e .  a deep t a s k ) .  A f t e r w a r d s ,  a l l  s u b j e c t s  were 

u n e x p e c t e d l y  a s k e d  t o  compare t h e  d u r a t i o n  of  one t a s k  r e l a t i v e  t o  the  

o t h e r .  T h e i r  r e s u l t s  showed t h a t  a t a s k  p r o c e s s e d  a t  a deep s e m a n t i c  

l e v e l  was  no t  remembered a s  l o n g e r  t han  one p r o c e s s e d  a t  a s h a l l o w  

l e v e l ,  even though t h e  s e m a n t i c  t a s k  s h o u l d  have  e n t a i l e d  a g r e a t e r  

s t o r a g e  s i z e  and p r o c e s s i n g  e f f o r t .  A s econd  e x p e r i m e n t  a g a i n  a sked  

s u b j e c t s  t o  p e r fo r m two t a s k s  -  b u t  h e r e  t h e y  were  r e q u i r e d  t o  p r o c e s s  

wor ds  a t  a l t e r n a t e l y  deep and s h a l l o w  l e v e l s  f o l l o w e d  by a t a s k  t h a t  

r e q u i r e d  a s i n g l e  l e v e l  o f  p r o c e s s i n g  ( d e e p ) .  When a s ked  t o  compare 

t he  d u r a t i o n  of  t h e s e  two t a s k s ,  i t  was found  t h a t  t h e  one i n v o l v i n g  

a l t e r n a t e  p r o c e s s i n g  was j u d g e d  l o n g e r  t ha n  t he  one i n v o l v i n g  a s i n g l e

l e v e l  of  p r o c e s s i n g .  S i nc e  t he  l a t t e r  t a s k  of deep p r o c e s s i n g  s h o u l d

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

such a s  t h o s e  o f  O r n s t e i n  and Underwood,  e t a l . c a n n o t  e a s i l y  a c c o u n t  

f o r  t h e s e  r e s u l t s .  The c o n t e x t u a l  change  h y p o t h e s i s ,  however ,  a r g u e s
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t h a t  a un i que  c o g n i t i v e  c o n t e x t  i s  a s s o c i a t e d  w i t h  each  type  of  

i n f o r m a t i o n - p r o c e s s i n g  t a s k .  When d i f f e r e n t  t a s k s  a r e  pe r fo r me d ,  

c h a n g e s  in c o g n i t i v e  c o n t e x t  and p r o c e s s i n g  s t r a t e g y  r e s u l t  in l o n ge r  

t ime e s t i m a t e s .

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

s e n s i t i v e  t o  c h a n ge s  in e n v i r o n m e n t a l  c o n t e x t .  In one e x p e r i m e n t  t h a t  

i l l u s t r a t e s  t h i s ,  Block <1982) r e q u i r e d  t h r e e  g r ou p s  of  s u b j e c t s  t o  

p r o c e s s  a l i s t  o f  words  d u r i n g  two 150 s e c .  s e s s i o n s .  Whi le  h o l d i n g  

t h e  t ype  o f  c o g n i t i v e  p r o c e s s i n g  c o n s t a n t ,  he t h e n  v a r i e d  the  

e n v i r o n m e n t a l  c o n t e x t  t h a t  o c c u r r e d  be tween t he  two s e s s i o n s .  Those 

s u b j e c t s  t h a t  were  moved t o  a d i f f e r e n t  room f o r  t he  s econd  s e s s i o n  

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

t he  o t h e r  ha n d ,  t h o s e  s u b j e c t s  who m e r e l y  l e f t  and the n  r e t u r n e d  t o  

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

l o n g e r ,  w h i l e  t h o s e  who r ema i n e d  in t he  same room p e r c e i v e d  no 

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

These  s o r t s  of  e x p e r i m e n t s  do s u p p o r t  B l o c k ' s  mo d e l .  However ,  a 

prob lem w i t h  t h i s  app r o a c h  i s  t h a t  we a r e  n e ve r  t o l d  how t h e  c o g n i t i v e  

change m o n i t o r  o p e r a t e s .  In a d d i t i o n ,  Block i s  a l s o  vague on how such 

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

i n t e r v a l  e f f e c t .  P o y n t e r  (1983)  h a s  r e c e n t l y  o f f e r e d  some i n s i g h t  

i n t o  t h i s  l a t t e r  i s s u e .  A c c o r d i n g  t o  h i s  e l a b o r a t i o n  of  B l o c k ' s  

mo d e l ,  f i l l e r  i t ems  w i t h i n  i n t e r v a l s  a c t  a s  r e f e r e n t  m a r k e r s  in t he  

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

seems l o n g e r  t ha n  an empty one ,  n o t  b e c a u se  o f  the  amount of
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in- format ion in s t o r a g e  or  p r o c e s s i n g  e f f o r t ,  b u t  b e c a u s e  f i l l e r s  

c r e a t e  r e f e r e n t  c o d e s  in memory f rom which t o  r e c o n s t r u c t  t he  d u r a t i o n  

o f  e v e n t s .  S i m i l a r l y ,  an i n t e r v a l  c o n t a i n i n g  more chunks  w i l l  be 

j u d g e d  l o n g e r  than  one c o n t a i n i n g  fewer  c hunks .  An i n c r e a s e d  number 

of  chunks  w i l l  c r e a t e  more c o d es  or  p o i n t s  Gf c o g n i t i v e  change  which 

a r e  m o n i t o r e d  by t h e  p resumed  c o g n i t i v e  d e v i c e .  In a l a t e r  

p u b l i c a t i o n ,  P o y n t e r  & Homa <1983) conc l ude  t h a t :

"The d u r a t i o n  p e r c e p t i o n  mechanism a p p e a r s  t o  
l og  t ime by d e t e c t i n g  c ha nge s  in s e n s o r y  s t a t e s  
(which c o r r e s p o n d  t o  c h a n g e s  in p h y s i c a l  s t a t e s  of 
t he  e n v i r o n m e n t )  and o r g a n i s m i c  s t a t e s  (which 
c o r r r e s p o n d  t o  c h a n g e s  in t he  c o g n i t i v e  or  
p h y s i o l o g i c a l  e n v i r o n m e n t )  ( p .  559)*

C h a p t e r  Summary

In summary,  t he  p r e s e n t  c h a p t e r  ha s  r ev i e we d  t he  u n d e r l y i n g

a s s u m p t i o n s ,  m e t h o d o l o g i e s ,  and i s s u e s  w i t h i n  c o n t e mp or a r y  r e s e a r c h  on

j u d g e d  d u r a t i o n .  The g u i d i n g  t e n e t s  of  t he  i n f o r m a t i o n - p r o c e s s i n g

par ad i gm a s s e r t  t h a t  knowledge of  t he  e nv i ronme n t  i s  r e p r e s e n t e d  in

t e r m s  o f  me n t a l  c o d e s .  These  c o d e s  a r e  c o n s t r u c t e d  t h r ough  d i s c r e t e

s t a g e s  of  m e d i a t i o n a l  a c t i v i t y  and f u n c t i o n  a s  the  r e f e r e n t s  f o r  an

o r g a n i s m ' s  b e h a v i o r .  The mo d e l s  of  j u d g e d  d u r a t i o n  t h a t  we have

c o n s i d e r e d  have f u r t h e r  assumed t h a t  d u r a t i o n  e s t i m a t e s  a r e  d e t e r m i n e d

by code c o m p l e x i t y  or  t he  amount  of  i n f o r m a t i o n  p r o c e s s i n g  t h a t  has

o c c u r r e d  f o r  a g iv e n  s t i m u l u s .  I n t e r v a l s  t h a t  r e q u i r e  g r e a t e r

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

1 e s s  m e d i a t  i o n . S p e c i f i c  m o d e l s ,  however ,  d i f f e r  in t h e  p ro p o s e d

r e f e r e n t  f o r  j u d g e d  d u r a t i o n .  Some c l a i m  t h a t  a p e r c e i v e r  b a s e s  h e r
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j udgmen t  on the  amount  of  i n f o r m a t i o n  in memory w h i l e  o t h e r s  b e l i e v e  

t h a t  t he  de g r e e  of  a t t e n t i o n a l  e f f o r t  or  c o g n i t i v e  change i s  

i m p o r t a n t .  How s u c c e s s f u l  have t h e s e  mode l s  been?  Model s  e mp h a s i z i n g  

memory s t o r a g e  ( O r n s t e i n  1969)  and a t t e n t i o n a l  e f f o r t  (Underwood & 

Swain 1973;  Thomas & Weaver 1975) l a c k  e x p e r i m e n t a l  s u p p o r t  and have 

y i e l d e d  c o n f l i c t i n g  e x p e r i m e n t a l  f i n d i n g s ,  B l o c k ' s  model of  c o g n i t i v e  

change  a p p e a r s  somewhat  more s u c c e s s f u l  t han  o t h e r s  in t h i s  r e s p e c t .  

However ,  h i s  model l a c k s  p r e d i c t i v e  power b e c a u se  he n e ve r  c l e a r l y  

s p e c i f i e s  when a change  in p r o c e s s i n g  s t r a t e g y  w i l l  o c c u r .  F u r t h e r ,  

we d o n ' t  know what  p r o c e s s e s  and o p e r a t i o n s  a r e  u s ed  by the  

h y p o t h e t i c a l  c o n s t r u c t  which m o n i t o r s  c ha nge .  In s h o r t ,  t he  e x i s t i n g  

l i t e r a t u r e  can be c h a r a c t e r i z e d  by d i v e r g e n t  r e s u l t s  and the  l a c k  of  

any one s u p e r i o r  mode l .

As Kuhn (1962)  h a s  s u g g e s t e d ,  t he  anomalous  n a t u r e  of  any 

s c i e n t i f i c  a r e a  may s t em from i n a d e q u a c i e s  in t h e  u n d e r l y i n g  

p a r a d i g m a t i c  a s s u m p t i o n s .  The n e x t  c h a p t e r  in f a c t  w i l l  e v a l u a t e  some 

of  t he  c o n s e q u e n c e s  and p r ob l e m s  t h a t  t he  m e d i a t i o n a l  a s s umpt i on  ha s  

w rough t  on t he  s t u d y  of  j u d g e d  d u r a t i o n .  W e ' l l  f i r s t  c o n s i d e r  w h e t h e r  

t h i s  a s s um p t i o n  ha s  i mp l i e d  a c o r r e c t  d e s c r i p t i o n  of  t he  en v i ro n m e n t  

and i t s  c o n t e n t s .  Second ,  w e ' l l  e x p l o r e  t he  c o n c e p t  of  a m e d i a t e d  

code in t e rms  of  i t s  i m p l i c a t i o n s  f o r  p a r s i mony  and p r e c i s i o n  of  

e x p e r i m e n t a l  v a r i a b l e s .  The p u r pos e  of  t h i s  a n a l y s i s  i s  t o  a rgue  t h a t  

an a l t e r n a t i v e  app r oac h  t o  t he  s t u d y  of  t ime i s  w a r r a n t e d  -  one t h a t  

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

i s s u e s  t h a t  were  p r e v i o u s l y  i g n o r e d .  A f t e r  d e t e r m i n i n g  what  s o r t s  o f
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p i t - f a l l s  s h o u l d  be a v o i d e d ,  we can then  b eg i n  t o  de v e l op e  the  

•framework f o r  our  new a l t e r n a t i v e  p e r s p e c t i v e .



CHAPTER THREE

EVALUATION OF THE INFORMATION -  PROCESSING MODELS OF JUDGED DURATION

In t h e  p r e v i o u s  c h a p t e r ,  we n o t e d  t h a t  t he  c o n t emp o r a r y  

l i t e r a t u r e  on t h e  - f i l l e d  i n t e r v a l  e-f-fect i s  h i g h l y  c o n t r a d i c t o r y  in 

n a t u r e .  M a n i p u l a t i o n s  o-f s t i m u l u s  a r r a n g e m e n t ,  - f a m i l i a r i t y ,  and 

c o m p l e x i t y  have  a l l  y i e l d e d  c o n f l i c t i n g  r e s u l t s .  P a r t i c u l a r  mode l s  of  

j u d g e d  d u r a t i o n  a l s o  d i s p l a y  numerous  p r o b l e m s .  E x p e r i me n t a l  s u p p o r t  

i s  o f t e n  u n r e l i a b l e  and t he  p r e d i c t i v e  power of  t h e s e  mode l s  i s  

g e n e r a l l y  weak .  The p r e s e n t  c h a p t e r  c o n s i d e r s  how many of  t h e s e  

p r ob l e m s  may a r i s e  f rom t he  p a r a d i g m a t i c  a s s u mp t i o n  of  m e d i a t e d  

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

oc c u r  b e f o r e  a p e r c e i v e r  can o b t a i n  a coded r e p r e s e n t a t i o n  of  

e n v i r o n m e n t a l  s t i m u l i  and t h e i r  t empora l  d u r a t i o n s .  E a r l i e r  we 

c l a i m e d  t h a t  t h e s e  p r o c e s s e s  can be c h a r a c t e r i z e d  in t e rms  of 

" d i s c r e t e  s a mp l in g "  b e c a u s e  t h e  c o n s t r u c t i o n  of  menta l  codes  i n v o l v e s  

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

what  a r e  t h e i r  i m p l i c a t i o n s  f o r  t ime r e s e a r c h ?

F i r s t ,  t h e  n o t i o n  of  d i s c r e t e  s a m p l i n g  may imply an i n c o r r e c t  

d e s c r i p t i o n  of  e n v i r o n m e n t a l  o b j e c t s  and a c t i v i t i e s .  T h i s  in t u r n  may 

e n c o u r a g e  the  u s age  of  a r t i f i c i a l  s t i m u l i  in t a s k s  of  j u dg e d  d u r a t i o n .  

The main p o i n t  of  c o n t e n t i o n  h e r e  i s  w h e t h e r  t h e  e nv i ronme n t  i s  

i n h e r e n t l y  o r g a n i z e d  or  u n o r g a n i z e d  and what  s o r t s  of  s t i m u l i  s ho u l d
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be compared f o r  r e l a t i v e  d u r a t i o n .  Next  wex 11 c o n s i d e r  how t h e  

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

a s y m m e t r i c a l  r e l a t i o n s h i p  be t ween  a p e r c e i v e r  and h e r  w o r l d .  I t  w i l l  

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

c r e a t e s  i n p r e c i s i o n  in o p e r a t i o n a l  d e f i n i t i o n s  of  c o m p l e x i t y .  L a s t l y ,  

w e ' l l  n o t e  t h a t  a l t h o u g h  c u r r e n t  m o de l s  have  p r o v i d e d  an a c c o u n t  f o r  

b o t h  p r e s e n t  and p a s t  t i m e ,  t h e y  have i g n o r e d  any c o n c e p t  of  f u t u r e  

t i m e .  T h a t  i s ,  i t  may be t h e  c a s e  t h a t  t h e  e x p e c t e d  outcome of  an 

e v e n t ,  which  h a s  n o t  y e t  o c c u r r e d ,  can n e v e r t h e l e s s  i n f l u e n c e  t he  

j udgment  o f  d u r a t i o n .  To a d d r e s s  t h e s e  p r o b l e m s ,  w e ' l l  b r o a d l y  

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

I m p l i c a t i o n s  of  t he  D i s c r e t e  S ampl i no  Assumpt i on  f o r  C u r r e n t  Time
Re s e a r c h

D e s c r i p t i o n  o f  t h e  Env i r onment

In our  e a r l i e r  r e v i e w  of  t h e  i n f o r m a t i o n - p r o c e s s i n g  a p p r o a c h ,  

r e c a l l  t h a t  s e v e r a l  c o n t e m p o r a r y  t h e o r i e s  o f  p e r c e p t i o n  <eg.  Rock 

1975)  e n v i s i o n  t h e  e n v i r o n m e n t  a s  i n h e r e n t l y  u n o r g a n i z e d  and 

m e a n i n g l e s s .  I t s  o b j e c t s  and a c t i v i t i e s  p r e s u ma b l y  c o n t a i n  a  s e t  of  

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

m e a n i n g .  The e x i s t e n c e  o f  v a r i o u s  m e d i a t i o n a l  mechan i sms  i s  t h e r e f o r e  

p o s t u l a t e d  s o  t h a t  e n v i r o n m e n t a l  s t i m u l a t i o n  can  a c q u i r e  mean i ng  and 

o r g a n i z a t i o n  f o r  a p e r c e i v i n g  o r g a n i s m .  Thes e  c o g n i t i v e  d e v i c e s  

e x t r a c t  t h e  f e a t u r e s  and c hunks  f rom a s t i m u l u s  and l a t e r  c o n c a t e n a t e  

them i n t o  a coded  r e p r e s e n t a t i o n  o f  r e a l i t y .  Thes e  c o d es  f u n c t i o n  a s  

t h e  r e f e r e n t s  f o r  b e h a v i o r  b e c a u s e  t h e y  p r o v i d e  a more r e l i a b l e  b a s i s
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f o r  knowledge tha n  t he  o r i g i n a l  e nv i ronme n t  i t s e l f .

The t e mpora l  d u r a t i o n  of  an e n v i r o nm e n ta l  s t i m u l u s  I s  c o n c e i v e d  

in an a n a l o g o u s  f a s h i o n .  The d i s c r e t e  s amp l in g  a s s umpt i on  h a s  i mp l i e d  

a 1 i n e a r  c o n c e p t  o f  t i m e .  T h a t  i s ,  t he  e n v i r o nm e n ta l  f l ow of  e v e n t s  

i s  c o n c e i v e d  as  a s e r i e s  of  d i s c r e t e  moments t h a t  l a ck  

i n t e r r e l a t i o n s h i p s .  These  d i s c r e t e  moments a r e  p h y s i c a l l y  i nde penden t  

e x c e p t  f o r  immediate  a d j a c e n c i e s .  Al t hough  t h e s e  same moments may be 

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

h as  o n l y  r e s u l t e d  f rom c o g n i t i v e  i n t e g r a t i o n  and imposed o r g a n i z a t i o n .

L e t ' s  b r i e f l y  c o n s i d e r  t he  d e s c r i p t i o n  of  t he  env i ronment  a s  

e n v i s i o n e d  by an a l t e r n a t i v e  approac h  t o  p e r c e p t i o n .  A c c o r d i n g  to 

t h e o r i s t s  w i t h i n  t he  D i r e c t  P e r c e p t i o n  Approach <eg.  Gibson 1966,

1979) ,  i n f o r m a t i o n - p r o c e s s i n g  t h e o r i e s  have i n c o r r e c t l y  d e s c r i b e d  the 

e n v i r o n m e n t .  They a r gue  t h a t  t he  o r g a n i z a t i o n  and meaning of  o b j e c t s  

e x i s t s  w i t h i n  t he  e nv i ro n m e n t  i t s e l f .  T h i s  o r g a n i z a t i o n  i s  

h i e r a r c h i c a l  in n a t u r e  such t h a t  s p a t i a l  component s  of  o b j e c t s  a r e  a l l  

i n t r i n s i c a l l y  i n t e r r e l a t e d .  F u r t h e r ,  t he y  c o r r e c t l y  n o t e  t h a t  

e n v i r o n m e n t a l  o b j e c t s  a r e  r a r e l y  s t a t i c  -  t he y  change over  a t ime 

d i m e n s i o n .  These  c h a n g i n g  o b j e c t s  a r e  t e rmed e v e n t s  and i t  i s  assumed 

t h a t  t h e s e  c h a n g e s  in s p a t i a l  s t r u c t u r e  m a i n t a i n  a l awful  

o r g a n i z a t i o n .  As J o n e s  (1976)  n o t e s  in a Rhythmic A t t e n d i n g  T h e o r y ,  

e v e n t s  a l s o  c o n t a i n  a h i e r a r a c h i c a l  o r g a n i z a t i o n  of  t empora l  s t r u c t u r e  

t h a t  s i m i l a r l y  change s  t h r o u g h o u t  t he  c o u r s e  of  an e v e n t .  A c c o r d i n g  to  

t h i s  v i e w,  t h e n ,  e n v i r o nm e n t a l  s t i m u l i  do no t  a c q u i r e  o r g a n i z a t i o n  

th r ough  c o g n i t i v e  c o n c a t e n a t i o n  -  i n s t e a d ,  e v e n t s  t h e m s e l v e s  c o n t a i n
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i n t e r r e l a t e d  l e v e l s  o-f s p a t i o - t e m p o r a l  c h a n g e .  S i m i l a r l y ,  t he  mean ing  

o-f o b j e c t s  and e v e n t s  i s  a l s o  assumed t o  e x i s t  w i t h i n  t h e  e n v i r o n m e n t .  

S i n c e  o r g a n i s m s  have  e v o l v e d  r e l a t i v e  t o  t h e  e n v i r o n m e n t ,  mean i ng  i s  

c h a r a c t e r i z e d  in t e r m s  o-f t h e  s u r v i v a l  o r  c u l t u r a l  v a l u e  t h a t  an e v e n t  

o- f - fers .  T h i s  mean i ng  a r i s e s  -from t h e  e v o l u t i o n a r y  r e l a t i o n s h i p  

b e t we e n  a p e r c e i v e r  and h e r  e n v i r o n m e n t  and i s  n o t  s o m e t h i n g  t h a t  i s  

m e n t a l l y  i n - f e r r e d .

From t h e  p e r s p e c t i v e s  o-f D i r e c t  P e r c e p t i o n  and Rhythmic A t t e n d i n g  

T h e o r i e s ,  a p e r c e i v i n g  o r g a n i s m  i s  as sumed t o  be s e n s i t i v e  t o  t he  

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

t o  " c o n s t r u c t "  me n t a l  c o d e s  o-f r e a l i t y .  By e l i m i n a t i n g  t he  

c o n s t r u c t i v e  phas e  o-f p e r c e p t i o n ,  t h e s e  t h e o r e t i c a l  v i e ws  have  t h u s  

a c h i e v e d  g r e a t e r  p a r s i m o n y .  I t  i s  i m p o r t a n t  t o  r e a l i z e ,  however ,  t h a t  

b o t h  Gibson  and J o n e s  do n o t  e n t i r e l y  d i s m i s s  t h e  r o l e  o-f in- ference 

and  c o g n i t i v e  c o n s t r u c t i o n  in o r g a n i s m i c  b e h a v i o r .  The a c t i v i t e s  o-f 

t h i n k i n g ,  p l a n n i n g ,  and r eme mber i ng  a l l  i n v o l v e  p r o c e s s e s  of  i n f e r e n c e  

and c o g n i t i v e  i n t e g r a t i o n .  Thes e  m e d i a t i o n a l  p r o c e s s e s  in t u r n  

p r o v i d e  new i n f o r m a t i o n  and knowledge  t o  t he  o r g a n i s m  w i t h o u t  i n p u t  

f rom t h e  e n v i r o n m e n t .  The i s s u e  t o  which  t h e s e  t h e o r i s t s  o b j e c t  t o  i s  

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

d i s c r e t e  f e a t u r e s .

Given t h i s  a l t e r n a t i v e  v i e w p o i n t ,  i t  no l o n g e r  seems  a p p r o p r i a t e  

t o  r e f e r  t o  e n v i r o n m e n t a l  o b j e c t s  and a c t i v i t i e s  a s  " s t i m u l a t i o n "  -  

t h e y  a r e  more a p p r o p r i a t e l y  t e rm e d  " e v e n t s " .  To s umma r i z e ,  t h e s e  

n a t u r a l  e v e n t s  a r e  assumed t o  c o n t a i n :
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a )  e v o l u t i o n a r y  me a n i n g  f o r  p e r c e i v i n g  o r g a n i s m s

b) an i n h e r e n t  o r g a n i z a t i o n  of  s p a t i o - t e m p o r a l  s t r u c t u r e  and

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

p e r c e p t i b l e  b e g i n n i n g  and end

L e t ' s  now c o n s i d e r  how t h e  d e s c r i p t i o n  of  o n e ' s  e n v i r o n m e n t  may 

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

d u r a t  i o n .

N a t u r e  o f  E x p e r i m e n t a l  S t i m u l i

W i t h i n  in ou r  n a t u r a l  e n v i r o n m e n t ,  we r o u t i n e l y  p e r c e i v e  and 

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

w a l k i n g ,  s p e a k i n g ,  r u n n i n g ,  and s o  on.  S i m i l a r l y ,  we dea l  w i t h  a  h o s t  

o f  i n a n i m a t e  o b j e c t s  t h a t  e i t h e r  change  on t h e i r  own a c c o r d  o r  can be 

c hange d  t h r o u g h  m a n i p u l a t i o n .  In each  c a s e ,  t he  e v e n t s  o r  a c t i v i t i e s  

u n f o l d  o v e r  a t ime s pan  t h a t  h a s  a c l e a r  b e g i n n i n g  and e n d ,  F u r t h e r ,  

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

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

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

i n t e r r e l a t e d  s t r u c t u r e  t h a t  u s u a l l y  change  w i t h  some s o r t  o f  t empora l  

r e g u l a r  i t y .

In s i t u a t i o n s  where  we p e r f o r m  d u r a t i o n  e s t i m a t e s ,  e s t i m a t e s  

n o r m a l l y  r e f e r  t o  t h e  k i n d s  of  n a t u r a l  e v e n t s  t h a t  we have j u s t  

d e s c r i b e d .  For  e x am p l e ,  we may j u dg e  how l o n g  i t  w i l l  t a ke  t o  walk  o r  

d r i v e  somewhere o r  how two l e c t u r e s  c o n t r a s t  in t h e i r  e x p e r i e n c e d  

d u r a t i o n .  To s t u d y  t h e  a c t i v i t y  of  j u d g e d  d u r a t i o n ,  i t  t h e r e f o r e  

s eems  l o g i c a l  t o  employ n a t u r a l  e v e n t s  in l a b o r a t o r y  i n v e s t i g a t i o n s .
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Contempora ry  r e s e a r c h ,  however ,  ha s  t e n d e d  t o  r e l y  upon a r t i f i c i a l  

s t  i m u l i .

In t h e  r e s e a r c h  t h a t  we r ev i e we d  in t he  p r e v i o u s  c h a p t e r ,  we saw 

t h a t  t i me  i n t e r v a l s  were  t y p i c a l l y  ■ f i l l e d "  w i t h  a b s t r a c t  l i n e  

d r a w i n g s  < 0 r n s t e i n  1 9 6 9 ) ,  s e r i e s  of  a u d i t o r y  c l i c k s  (Adams 1977) ,  

l i s t s  c i  words  or  nonwords  (Block 1974;  P o y n t e r  1983) o r  s p a t i a l  

a r r a n g e m e n t s  o f  s t a t i c  l i n e s  ( S ch i f fm a n  tc Bobko 1974) .  These  t y p e s  of  

e x p e r i m e n t a l  s t i m u l i  d i f f e r  f rom n a t u r a l  e v e n t s  in s e v e r a l  i mp o r t a n t  

ways .  F i r s t ,  t he  e v o l u t i o n a r y  s i g n i f i c a n c e  of  s t i m u l i  i s  o f t e n  

ambiguous  s i n c e  t he  c l i c k s  and l i n e s  t h a t  we n o r m a l l y  e n c o u n t e r  do n o t  

oc c u r  w i t h i n  an i s o l a t e d  c o n t e x t .  Second,  s t i m u l i  have no d e f i n i t i v e  

b e g i n n i n g s  and e n d s  a s  do n a t u r a l  c o n v e r s a t i o n s  and v i s u a l  s c e n e s .  

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

s p a t i o - t e m p o r a l  s t r u c t u r e .  S t i m u l i  a r e  o f t e n  u n i d i m e n s i o n a l  and do no t  

a l ways  change  ove r  a s p a c e - t i m e  d i me n s i o n .  I n d e e d ,  s t a t i c  o b j e c t s  a r e  

o f t e n  p r e s e n t e d  f o r  a g i v e n  t ime i n t e r v a l .  The p r e s e n t a t i o n  of  

s t a t i c ,  u n i d i m e n s i o n a l  s t i m u l i  does  no t  r e f l e c t  t he  p o s s i b i l i t y  t h a t  

c h a n g e s  in s t r u c t u r a l  l e v e l s  may a f f e c t  a t t e n d i n g  and j u dg e d  d u r a t i o n .  

In s h o r t ,  one ha s  t o  wonder  w h e t h e r  t he  r e s u l t s  o b t a i n e d  w i t h  such 

s t i m u l i  do in f a c t  g e n e r a l i z e  t o  r e a l  w o r l d  s i t u a t i o n s .  Are t he  

p r o c e s s e s  assumed t o  m e d i a t e  j u d ge d  d u r a t i o n  mere a r t i f a c t s  of  t he  

l a b o r a t o r y  s i t u a t i o n ?

W i t h i n  c o n t e mp o r a r y  r e s e a r c h ,  t he  t h e o r e t i c a l  j u s t i f i c a t i o n  f o r  

empl oy i ng  such  s t i m u l i  s t ems  f rom t h e  n o t i o n  of  d i s c r e t e  s a mp l i n g .

S i n c e  e n v i r o n m e n t a l  o b j e c t s  p r e sumab l y  c o n t a i n  a s e t  of  d i s c r e t e  and
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u n r e l a t e d  - f e a t u r e s ,  i t  i s  c o n s i d e r e d  a p p r o p r i a t e  t o  use  component s  o-f 

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

once t h e  p e r c e p t i o n  o-f t h e s e  componen t s  i s  u n d e r s t o o d ,  t h e  c o g n i t i v e  

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

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

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

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

p a r a d i g m a t i c  a s s u m p t i o n  o-f an a r b i t r a r y ,  u n o r g a n i z e d  e n v i r o n m e n t ,  

which  m e d i a t i o n a l  me chan i sms  s e r v e  t o  e n r i c h ,  may a r i s e  -from t he  

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

The model  o-f j u d g e d  d u r a t i o n  t h a t  I w i l l  l a t e r  d e v e l o p  r e l i e s  

upon e c o l o g i c a l l y  v a l i d  s t i m u l i .  By " e c o l o g i c a l l y  v a l i d "  s t i m u l i ,  1 

mean s t i m u l i  t h a t  a)  a r e  - f a m i l i a r  and n o r m a l l y  e n c o u n t e r e d  w i t h i n  t he  

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

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

p e r c e p t i b l e  " b e g i n n i n g  and e n d " .  In t h e  a r e a  o-f t ime r e s e a r c h ,  t h e n ,  

an e x p e r i m e n t e r  m i g h t  ask s u b j e c t s  t o  compare  t h e  d u r a t i o n  o-f two 

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

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

a s  i t  o c c u r s  w i t h i n  t h e  n a t u r a l  e n v i r o n m e n t ,  t he  e v e n t s  i n v o l v e d  must  

be e c o l o g i c a l l y  v a l i d .

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

t h a t  e n v i r o n m e n t a l  o b j e c t s  a r e  i n h e r e n t l y  m e a n i n g l e s s  and u n o r g a n i z e d .  

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

i n c o r r e c t  ( J o n e s  1974;  Gibson  1946;  1 9 7 9 ) .  By a n a l y z i n g  t h e  s t r u c t u r e
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of  t he  e n v i r o n m e n t ,  t h e y ' v e  been a b l e  t o  d e s c r i b e  i t s  o b j e c t s  and 

a c t i v i t i e s  in t e r ms  o f  i n h e r e n t  o r g a n i z a t i o n s  of  h i e r a r c h i c a l  

s t r u c t u r e .  These  d e s c r i p t i o n s  in t u r n  have p r o v i d e d  a d e f i n i t i o n  of  

e n v i r o n m e n t a l  e v e n t s  t h a t  r e p l a c e s  t he  n o t i o n  of  e n v i ro n m e n t a l  

s t i m u l a t i o n .  These  c o n t r a s t i n g  d e s c r i p t i o n s  o f  t he  en v i ro n me n t  have 

a l s o  been shown t o  r e s u l t  in a v e r y  d i f f e r e n t  c h o i c e  of  l a b o r a t o r y  

s t  imul i  .

In t he  n e x t  s e c t i o n ,  w e ' l l  c o n s i d e r  how t he  a s s umpt i on  of  

d i s c r e t e  s a m p l i ng  ha s  c r e a t e d  some d i f f e r e n t  s o r t s  of  p r ob l e ms  f o r  t he  

s t u d y  o f  j u dg e d  d u r a t i o n .  They c o n ce r n  t he  p e r c e p t i o n  of  c o n t i n u i t y  

and the  p h i l o s o p h i c a l  a s s u mp t i o n  of  d u a l i s m .

P r ob l ems  of  P h i l o s o p h i c a l  Dual i sm and P e r c e i v e d  C o n t i n u i t y

W i t h i n  t he  n a t u r a l  e n v i r o n m e n t ,  mos t  e v e n t s  seem t o  have a s ens e  

o f  c o n t i n u i t y .  They a p p e a r  a s  u n i f i e d  a c t i v i t i e s  even though the  

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

a r e  u s u a l l y  unaware o f  t h e s e  d i f f e r e n t  s t r u c t u r a l  l e v e l s  beca use  a l l  

a p pe a r  i n t e r r e l a t e d  and somehow c o o r d i n a t e d .  For  example ,  t h e  a c t  of  

w a l k i n g  i s  no t  p e r c e i v e d  a s  a s u c c e s s i o n  of  swi ng i n g  l e g s ,  a rms ,  and 

h i p s ,  b u t  a s  a smoo t h l y  c o o r d i n a t e d  a c t i v i t y .  Nor i s  a m u s i c a l  

c o m p o s i t i o n  p e r c e i v e d  a s  a s e r i e s  of  i n d e p e n d e n t  n o t e s .  I n s t e a d ,  

p a s s a g e s  or  themes  seem t o  e v o l ve  from one a n o t h e r  w i t h  some b e i n g  

r e p e a t s  or  v a r i a t i o n s  o f  o t h e r s .

How d o e s  t h i s  s e n s e  of  c o n t i n u i t y  a r i s e ?  Why do we p e r c e i v e  an 

e v e n t  a s  a u n i f i e d  o b j e c t  and no t  a s  i nde pe nde n t  p a t t e r n s  of  change?  

Th e r e  a r e  a t  l e a s t  two p e r s p e c t i v e s  f rom which  we can answer  t h i s
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q u e s t i o n .  A c c o r d i n g  t o  one ,  p e r c e i v e r s  may be d i r e c t l y  a t t u n e d  t o  

c o n t i n u i t y  t h a t  i s  s p e c i f i e d  w i t h i n  t he  e v e n t  i t s e H .  T h a t  i s ,  

c o n t  i nu i t y  may be d e s c r i b e d  in t e rm s  o-f t he  l awful  r e l a t i o n s h i p s  

w i t h i n  each  s t r u c t u r a l  l e v e l  and ,  in a d d i t i o n ,  l awfu l  

i n t e r r e l a t i o n s h i p s  be tween a l l  s t r u c t u r a l  l e v e l s .  In s h o r t ,  

c o n t i n u i t y  a r i s e s  -from the  i n t r i n s i c  o r g a n i z a t i o n  o f  an e v e n t ' s  

s t r u c t u r e .  An a l t e r n a t i v e  p e r s p e c t i v e ,  however ,  mi gh t  c l a i m  t h a t  

c o n t i n u i t y  i s  n o t  an i n h e r e n t  a s p e c t  of  e n v i r on m e n t a l  e v e n t s  bu t  i s  a 

menta l  a c c ompl i s hmen t  of  a p e r c e i v i n g  o r g a n i s m .  Many 

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

a d d r e s s e d  h e r e ,  a d op t  t h i s  l a t t e r  s t a n c e .  An e v e n t  i s  n o t  p e r c e i v e d  

a s  an o r g a n i z e d  and i n t e g r a t e d  e n t i t y  u n t i l  a f t e r  v a r i o u s  m e d i a t i o n a l  

p r o c e s s e s  have o c c u r r e d .  O r g a n i z a t i o n  and a s en s e  o f  c o n t i n u i t y  a r e  

p r o p e r t i e s  o f  t he  me n t a l  code and o n l y  e x i s t  w i t h i n  t he  p e r c e i v e r  -  

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

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

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

For  exampl e ,  t h e  m u l t i s t o r e  t h e o r y  of  memory <Atkinson it S h i f f r i n  

l?<58) t h a t  we r e v i e w e d  e a r l i e r  assumed t h a t  i n i t i a l  s t a g e s  of  

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

I n d ee d ,  an e v e n t  was r e p r e s e n t e d  by a s e r i e s  of  d i s c r e t e  moments or  

s t a t i c  s n a p s h o t s  in i c o n i c  memory.  As the  code was t he n  t r a n s f e r r e d  

among v a r i o u s  memory s t o r e s ,  i t  g r a d u a l l y  a c q u i r e d  more meaning  and 

o r g a n i z a t i o n  t h ro u g h  a c o g n i t i v e  a c t  of  c o n c a t e n a t i o n .  The mode l s  of  

j u d ge d  d u r a t i o n  t h a t  were  p r e v i o u s l y  c o n s i d e r e d  a p p ea r  t o  r e f l e c t  t h i s
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g e n e r a l  m u l t i s t o r e  t h e o r y  of  memory.  In a d d i t i o n ,  each as sumes  t h a t  

an a u x i l i a r y  s equence  o-f p r o c e s s i n g  a c t i v i t i e s  mus t  o c c u r  b e f o r e  a 

d u r a t i o n  e s t i m a t e  can be made.  O r n s t e i n  ( 1 9 6 ? ) ,  f o r  exampl e ,  c l a i m s  

t h a t  a coded e v e n t  mus t  be f i r s t  r e t r i e v e d  f rom memory b e f o r e  i t s  

d u r a t i o n  can be i n f e r r e d .  In t he  p r o c e s s i n g  e f f o r t  model p r o po s e d  by 

Thomas & Weaver ( 1 9 7 5 ) ,  an e v e n t ' s  d u r a t i o n  i s  o u t p u t t e d  from the  

r e s u l t s  of  a t i me r  ( f  p r o c e s s o r )  and v i s u a l  i n f o r m a t i o n  (g )  p r o c e s s o r .  

L a s t l y ,  B l o c k ' s  (1978)  model of  c o g n i t i v e  change assumes  t h a t  d u r a t i o n  

i s  i n f e r r e d  f rom t he  number of  c h a n g e s  in p r o c e s s i n g  s t r a t e g y .  In 

each  c a s e ,  j u d g e d  d u r a t i o n  i n v o l v e s  an a d j u n c t  p r o c e s s  of  i n f e r e n c e  

b a s ed  upon an a n t e c e d e n t  s equence  o f  p r o c e s s i n g  a c t i v i t i e s .

I m p l i c a t i o n s  f o r  Time Res ea r c h

Th e r e  i s  a d i s c r e p a n c y  h e r e  and t h i s  c r e a t e s  a p rob l em.  Al though  

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

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

n o t  c o n t i n u o u s  in n a t u r e  -  i t  i s  d i s c r e t e .  The p e r c e p t i o n  of  bo th  

c o n t i n u i t y  and e v e n t  d u r a t i o n  o n l y  r e s u l t  f rom a menta l  accompl i shmen t  

o f  " t e a r i n g  t h i n g s  down and p u t t i n g  them back t o g e t h e r  a g a i n . "  T h i s  

c o n c e p t  no t  o n l y  a p p e a r s  u n p a r s i m o n i o u s  b u t  a l s o  s u g g e s t s  an 

a s y mme t r i c a l  r e l a t i o n s h i p  be tween the  e nv i ronme n t  and p e r c e i v e r  -  t he  

f o r mer  r e f l e c t s  c o n t i n u o u s  a c t i v i t e s  w h i l e  t he  l a t t e r  does  n o t .

As a s e c o n d  p o i n t ,  J o n e s  (1984)  ha s  n o t e d  t h a t  t h i s  n o t i o n  of  

d i s c r e t e  s a m p l i n g  i m p l i e s  t h a t  t ime p l a y s  a dual  r o l e .  Tha t  i s ,  the 

a c t u a l  d u r a t i o n  o f  an e v e n t  i s  encoded  i n t o  memory in t e rm s  of  

d i s c r e t e  moments or  c h u n k s .  These  same d u r a t i o n s ,  however ,  a r e  a l s o
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assumed t o  a c t  a s  t i me  i n t e r v a l s  d u r i n g  which  p r o c e s s i n g  can o c c u r .

Each e v e n t  t h e n  h a s  b o t h  an a c t u a l  d u r a t i o n  and a d u r a t i o n  o-f 

p r o c e s s i n g  t i m e ,  t he  l a t t e r  b e i n g  u s e d  a s  t h e  r e - f e r e n t  -for t ime 

p e r c e p t i o n .  T h i s  a s s u m p t i o n  o-f d u a l i t y ,  howeve r ,  a p p e a r s  t o  l a c k  bo t h  

p r e c i s i o n  and p a r s i m o n y .  I-f t e mpor a l  in - format ion  e x i s t s  w i t h i n  t he  

e n v i r o n m e n t ,  t h e n  t h e r e  i s  no need  -for a me n t a l  c o n s t r u c t i o n  -  i t  

becomes  r e d u n d a n t .  F u r t h e r ,  any e x p e r i m e n t a l  m a n i p u l a t i o n s  mus t  be 

made r e l a t i v e  t o  t he  r e - f e r e n t  -for j u d g e d  d u r a t i o n  -  which  h e r e  i s  a 

m e n t a l  c o d e .  The s e  m a n i p u l a t i o n s  become i m p r e c i s e ,  howeve r ,  b e c a u s e  

t h e  code  i s  an un s e e n  me n t a l  e n t i t y  which  i s  o n l y  i n d i r e c t i y  r e l a t e d  

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

v a r i a b l e  o f  i n t e r e s t  which  in t u r n  w i l l  p r o d u c e  c o n f l i c t i n g  

e x p e r i m e n t a l  r e s u l t s .  In  t he  n e x t  s e c t i o n ,  I a t t e m p t  t o  show t h a t  t he  

v a r i a b l e  of  c o m p l e x i t y  i s  in f a c t  s u b j e c t  t o  t h e s e  s o r t s  o f  p r o b l e m s .  

D e f i n i t i o n s  o f  Co mp l ex i t y

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

s t i m u l u s  c o m p l e x i t y  a r e  p r e d i c t e d  t o  have m a j o r  e f f e c t s  upon j u d g e d  

d u r a t i o n .  Co mp l ex i t y  p r e s u m a b l y  i n c r e a s e s  t h e  amount  of  

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

But  wha t  e x a c t l y  d o e s  t h e  n o t i o n  of  c o m p l e x i t y  imply h e r e ?

W i t h i n  O r n s t e i n ' s  m o de l ,  t he  c o n c e p t  h a s  been o p e r a t i o n a l l y  

d e f i n e d  in a v a r i e t y  o f  ways  i n c l u d i n g  d i s t i n c t i o n s  be t ween  more v s ,  

l e s s  " e x p e r i e n t i a l "  c h u n k s ,  more v s .  l e s s  " e x p e r i e n t i a l "  r e d u n d a n c y ,  

and more v s .  l e s s  random o r d e r i n g s  o f  " e x p e r i e n t i a l "  u n i t s .  I t  i s  

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

t h e  p resumed r e f e r e n t  f o r  j u d g e d  d u r a t i o n ,  t h e  me n t a l  c o d e ,  and the  

r e d u c t i o n  of  u n c e r t a i n i t y  t o  which  t h e s e  c o d e s  can be r e p r e s e n t e d .  

P r ob l e m s  and p o t e n t i a l  c o n f u s i o n  a r i s e ,  howeve r ,  in t r y i n g  t o  s p e c i f y  

wha t  e x a c t l y  i s  t h e  “chunk"  and " u n i t  o f  r ed u n d a n c y"  t h a t  m e d i a t i o n a l  

d e v i c e s  p r o c e s s  and s t o r e  in memory.  What s t i m u l u s  c h a r a c t e r i s t i c s  

d e t e r m i n e  and d e m a r c a t e  t h e s e  u n i t s ?  Do t h e s e  u n i t s  change  w i t h  

d i f f e r e n t  t y p e s  of  s t i m u l i  and e x p e r i m e n t a l  s i t u a t i o n s ?  We can n e v e r  

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

c o n s t r u c t s  which  can  n e v e r  be s e e n ,  o n l y  i n f e r r e d  -  t h u s  we can n e ve r  

r e a l l y  know t h e  n a t u r e  of  t h e i r  " chunks"  and c o m p l e x i t y .

Mode l s  o f  p r o c e s s i n g  e f f o r t  <Underwood & Swain 1973;  Thomas & 

Weaver  1975)  f a l l  v i c t i m  t o  s i m i l a r  p i t f a l l s .  The s e  t h e o r i e s  c l a i m  

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

c o r r e s p o n d i n g l y  i n c r e a s e s  j u d g e d  d u r a t i o n .  We t h e r e f o r e  need  t o  ask  

■What i s  p r o c e s s i n g  e f f o r t  and how i s  i t  i n c r e a s e d ? "  A c c o r d i n g  t o  t he  

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

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

d e p l e t i o n  of  t h e  a t t e n t i o n a l  r e s o u r c e .  Such an a p p r oa c h  d e p e n d s  in 

t u r n  on t h e  vague d e f i n i t i o n s  of  c h u n k s  o r  c h a n g e s  which  w i l l  

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

Howe ve r , i t  i s  u n c l e a r  what  a s p e c t s  of  a f i l l e d  i n t e r v a l  r e q u i r e  

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

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

p r o c e s s ,  n o t  t o  t h e  s t i m u l u s  s t r u c t u r e  i t s e l f .
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F i n a l l y ,  s i m i l a r  p r o b l e m s  a r i s e  -from B l o c k ' s  <1974) t h e o r e t i c a l  

c o n s t r u c t  o-f " c o n t e x t u a l  c h a n g e " .  A c c o r d i n g  t o  t h i s  m o de l ,  t ime 

p e r c e p t i o n  d e p e n d s  on t h e  amount  o-f change  in c o g n i t i v e  c o n t e x t  

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

j u d g e d  d u r a t i o n .  T h i s  model  i s  even more vague b e c a u s e  t h e  t erm 

"change"  i s  n o t  de- f ined e x c e p t  a s  b e i n g  c h a n g e s  in c o g n i t i v e  

p r o c e s s i n g .  However ,  what  a s p e c t s  o-f a s t i m u l u s  d e t e r m i n e  a change  in 

c o g n i t i v e  p r o c e s s i n g  and how b i g  mus t  t h i s  change  b e?  Or i s  i t  t he  

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

and  i t  i s  t h e  e x p e r i m e n t e r ' s  i n s t r u c t i o n s  t h a t  d e t e r m i n e  p r o c e s s i n g  

c h a n g e s ?  Block  i s  u n c l e a r  on t he  a n s w e r s  t o  t h e s e  q u e s t i o n s  and t h e  

p r o b l e m o-f d e - f i n i ng  a u n i t  o-f change  becomes  a n a l o g o u s  t o  de - f i n i ng  t he  

b a s i s  o-f c o m p l e x i t y .

In  s h o r t ,  t h e  t h e o r e t i c a l  c o n s t r u c t s  on which  c u r r e n t  t i me  m o d e l s  

a r e  -founded,  namely  t h o s e  o-f c o m p l e x i t y ,  c o n t e x t u a l  c h a n g e ,  and 

p r o c e s s i n g  e- f - for t ,  a r e  v a g u e l y  de- f ined and t h e r e - f o r e  l a c k  p r e d i c t i v e  

power .  The s e  i l l - d e - f i n e d  c o n c e p t s  a c t u a l l y  s t em f rom t h e  more 

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

The p e r c e p t i o n  o f  d u r a t i o n  i s  d e t e r m i n e d  by m e n t a l  c o d e s  o r  amount  of  

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

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

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

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

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

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

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

o f  n a t u r a l  e v e n t s .  T h i s  h a s  l e d  t o  t h e  u s age  of  a r t i f i c i a l  s t i m u l i  in 

l a b o r a t o r y  i n v e s t i g a t i o n s  of  j u d g e d  d u r a t i o n .  Second ,  t he  p e r c e p t i o n  

of  c o n t i n u i t y  in s t i m u l i  and t h e i r  d u r a t i o n s  i m p l i e s  an a s ym m e t r i c a l  

r e l a t i o n s h i p  be t wee n  t h e  p e r c e i v e r  and i t s  w o r l d .  Whi l e  e v e n t s  a r e  

p e r c e i v e d  a s  c o n t i n u o u s ,  t he  a c t i v i t i e s  wh i ch  m e d i a t e  t h i s  p e r c e p t i o n  

a r e  d i s c r e t e  in n a t u r e .  T h i r d ,  t ime i s  as sumed t o  p l a y  a dual  r o l e  in 

t h a t  t h e  a c t u a l  d u r a t i o n  of  an e v e n t  i s  r e p r e s e n t e d  by an i n t e r v a l  of  

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

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

c o n s e q u e n c e s  a r e  a p p a r e n t  in c u r r e n t  d e f i n i t i o n s  o f  c o m p e x i t y .

T h e r e  i s  one f i n a l  p r ob l e m w i t h i n  comtempora ry  r e s e a r c h  on j u d g e d  

d u r a t i o n .  A l t h o u g h  i t  d o e s n ' t  s p e c i f i c a l l y  a r i s e  f rom t h e  a s s u m p t i on  

of  d i s c r e t e  s a m p l i n g ,  i t  d o e s  s t em f rom t h e  h y p o t h e t i c a l  memory s y s t e m 

of  t h e  p e r c e i v e r .  I t  c o n c e r n s  t h e  i s s u e  o f  " f u t u r e  t i m e * .

The P r ob l em of  " F u t u r e  Time"

In  e v e r y d a y  b e h a v i o r ,  t h e r e  a r e  many s i t u a t i o n s  where  we mus t  

e x t r a p o l a t e  t h e  p r e s e n t  c o u r s e  of  an e v e n t  t o  e s t i m a t e  when i t  w i l l  

end in t h e  f u t u r e .  An o u t f i e l d e r ,  f o r  e x a m p l e ,  mus t  e x t r a p o l a t e  t he  

t r a j e c t o r y  c o u r s e  o f  a  b a s e b a l l  t o  e s t i m a t e  b o t h  when and where  i t  

w i l l  l a n d .  Whi le  w a l k i n g  a l o n g  a c rowded s i d e w a l k ,  we mus t  e s t i m a t e  

when t o  s t e p  a s i d e  t o  a v o i d  col  1 i d i n g  w i t h  a n o t h e r  i n d i v i d u a l .  

R e l a t e d l y ,  we mus t  e x t r a p o l a t e  t h e  f u t u r e  c o u r s e  of  o u r  c a r  r e l a t i v e
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t o  a s t o p  s i g n  t o  d e c i d e  when t o  b r a k e .  Al l  o-f t h e s e  examples  r e f e r  

t o  what  we mi gh t  t e rm " f u t u r e  t ime"  b e c a u s e  we a r e  e s t i m a t i n g  the  

d u r a t i o n  of  an e v e n t  t h a t  h a s  no t  y e t  ended .  How a r e  t h e s e  k i n d s  of  

b e h a v i o r  p e r f o r m e d ?

Cont e mpora ry  m o d e l s  of  j u d g e d  d u r a t i o n  can n o t  answer  t h i s  

q u e s t i o n  b e c a u s e  t h e y  have no t  i n c o r p o r a t e d  t he  c o n c e p t  of  f u t u r e  t ime 

i n t o  t he  s t r u c t u r a l  model of  memory.  T h a t  i s ,  t he  e x p e r i e n c e  of  p a s t  

o r  r emembered t ime h a s  been a s s o c i a t e d  w i t h  l o n g - t e r m  memory and the  

e x p e r i e n c e  of  p r e s e n t  or  p e r c e i v e d  t ime w i t h  s h o r t - t e r m  memory,  bu t  

t h e r e  i s  no memory s t o r e  t o  c o r r e s p o n d  w i t h  f u t u r e  t i m e .  F u r t h e r ,  i t  

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

A c o m p l e t e  t h e o r y  of  j u d g e d  d u r a t i o n ,  however ,  n e e d s  t o  a d d r e s s  

t h i s  i s s u e .  S i t u a t i o n s  of  f u t u r e  t ime f r e q u e n t l y  o c c u r  w i t h i n  t he  

e nv i ro n m e n t  and in f a c t  may be i n v o l ve d  in most  i n s t a n c e s  of  p e r c e i v e d  

d u r a t i o n .  S h o r t l y ,  we w i l l  c o n s i d e r  how the  p roblem of  f u t u r e  t ime 

may be a d d r e s s e d  by an a l t e r n a t i v e  t h e o r e t i c a l  p e r s p e c t i v e .

Some A l t e r n a t i v e  A s s ump t io n s  f o r  T h e o r i e s  of  Judged D u r a t i o n

The v a r i o u s  p r ob l e m s  t h a t  have been o u t l i n e d  in t h i s  c h a p t e r  a r e  

i n s t r u c t i v e .  They n o t  o n l y  s u g g e s t  t h a t  an a l t e r n a t i v e  appr oac h  to  

j u d g e d  d u r a t i o n  i s  w a r r a n t e d  b u t  what  s o r t s  o f  u n d e r l y i n g  a s s u m p t i o n s  

may be u s e f u l .  These  a s s u m p t i o n s  may be summar ized a s  f o l l o w s :

1) The e n v i r o n m e n t  c o n t a i n s  o b j e c t s  and e v e n t s  w i t h  i n h e r e n t  meaning 

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

o f  s t r u c t u r e  t h a t  c h a n g e s  between t he  b e g i n n i n g  and end of  some 

t empora l  i n t e r v a l .  The usage  of  n a t u r a l  e v e n t s  in l a b o r a t o r y
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i n v e s t i g a t i o n s  w i l l  a l l o w  g r e a t e r  g e n e r a l i z a b i 1 i t y  t o  r e a l  w o r ld  

s i t u a t i o n s .

2) The a c t i v i t y  o-f p e r c e i v i n g  i n v o l v e s  a syroroetr ical  r e l a t i o n s h i p  

between t he  p e r c e i v e r  and i t s  e n v i r o n m e n t .  T h i s  p e r c e p t u a l  a c t i v i t y  

i s  c o n t i n u o u s  in n a t u r e ,  r e c i p r o c a l  w i t h  t he  c o n t i n u o u s  n a t u r e  o-f 

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

3) The r e - f e r e n t  o-f p e r c e p t u a l  b e h a v i o r  i s  i n t r i n s i c a l l y  r e l a t e d  t o  the 

s t r u c t u r e  o-f n a t u r a l  e v e n t s .  T h us ,  t he  p a r t i c u l a r  s t r u c t u r e  o-f e v e n t s  

w i l l  d e t e r m i n e  the  e-f-fect i v e n e s s  o-f p e r c e p t u a l  p i c k u p .  T h e o r e t i c a l  

pa r s i mony  w i l l  be a c h i e v e d  by e l i m i n a t i n g  t he  need  -for c o n s t r u c t e d  

" codes "  o-f r e a l  i t y .

4)  E x pe r i me n t a l  r e s u l t s  s h o u l d  be more c o n s i s t e n t  when e x p e r i m e n t a l  

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

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

5) An e x p l a n a t i o n  o-f “ - future t i me"  n eeds  t o  be a d d r e s s e d  in a t h e o r y  

o-f j u d g e d  d u r a t i o n .  I d e a l l y ,  t h i s  c o nc e p t  s ho u l d  be i n t r i n s i c  t o  t he  

p e r c e i v i n g  o-f d u r a t i o n  in g e n e r a l ,  and no t  r e q u i r e  any a d d i t i o n a l  

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

The model o-f j u d g e d  d u r a t i o n  t h a t  I p r op o s e  in Ch a p t e r  7 does  

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

g e n e r a t e  -from two a l t e r n a t i v e  p e r s p e c t i v e s  o-f p e r c e p t u a l  b e h a v i o r .

One i s  t e rmed  D i r e c t  Theo r y  <Gibson 1966;  1979) and the  o t h e r  i s  a 

Rhythmic A t t e n d i n g  Theo r y  p r op os ed  by J o n e s  <1976) .  The n e x t  c h a p t e r  

w i l l  d i s c u s s  t h e s e  two t h e o r i e s  a l on g  w i t h  t h e i r  i m p l i c a t i o n s  -for t ime 

r e s e a r c h .
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Ch a p t e r  Summary

The p r e s e n t  c h a p t e r  h a s  e x p l o r e d  a number of  p r ob l e ms  t h a t  e x i s t  

in t h e  c u r r e n t  i n f o r m a t i o n - p r o c e s s i n g  app r o a c h  t o  j u d g e d  d u r a t i o n .

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

s a m p l i n g  have c r e a t e d  a p e r c e i v e r  who mus t  c o n c a t e n a t e  d i s c r e t e  

moments of  p r o c e s s e d  t ime in o r d e r  t o  j udge  t he  d u r a t i o n  of  a 

c o n t i n u o u s  w o r l d  e v e n t .  A l t h o u g h  the  w o r l d  i s  c o n s i d e r e d  t o  c o n t a i n  

c o n t i n u o u s  e v e n t s ,  t he  p e r c e p t i o n  of  t h e s e  e v e n t s  i s  no t  a c o n t i n u o u s  

nor  a p a r s i m o n i o u s  p r o c e s s .  Second ,  c o n t e m p or a r y  mode l s  have r e l i e d  

upon a r b i t r a r y  and a r t i f i c i a l  e x p e r i m e n t a l  s t i m u l i  which have 

q u e s t i o n a b l e  g e n e r a l i z a b i 1 i t y  t o  r e a l  w o r l d  e v e n t s .  In a d d i t i o n ,  the  

i n d e p e n d e n t  v a r i a b l e  t h a t  i s  mos t  commonly m a n i p u l a t e d  in j udge d  

d u r a t i o n  e x p e r i m e n t s  i n v o l v e s  vague and i l l - d e f i n e d  n o t i o n s  of  

c o m p l e x i t y .  L a s t l y ,  c o n t e m p o r a r y  mode l s  do no t  acknowledge the  

c o n c e p t  of  " f u t u r e  t ime"  and s i t u a t i o n s  where  one mus t  e s t i m a t e  where 

and when an o n g o i n g  e v e n t  w i l l  end .  To a d d r e s s  t h e s e  v a r i o u s  p r o b l e m s ,  

some a l t e r n a t i v e  a s s u m p t i o n s  of  j u d g e d  d u r a t i o n  were  c o n s i d e r e d .



CHAPTER FOUR

BUILDING A FRAMEWORK FOR A NEW THEORY OF JUDGED DURATION: 

CONTRIBUTIONS FROM THE DIRECT PERCEPTION AND RHYTHMIC ATTENDING

THEORIES

In r e c e n t  y e a r s ,  t h e o r e t i c a l  a l t e r n a t i v e s  t o  the  g e n e r a l  

i nf  ormat  i o n - p r o c e s s i  ng pa r ad i gm have begun t o  emerge .  They o f f e r  ve ry  

novel  p e r s p e c t i v e s  on the  p e r c e i v i n g  and a c t i n g  a c t i v i t i e s  o-f human 

o r g a n i s m s .  One app r o a c h  i s  t e rmed  D i r e c t  P e r c e p t i o n  Theory  and s t ems  

from t h e  work o f  James  Gibson and h i s  s t u d e n t s .  D i r e c t  P e r c e p t i o n  

Th eo ry  was  t he  f i r s t  t o  c h a l l e n g e  t he  I n f o r m a t i o n - P r o c e s s i n g  pa r ad i gm 

and a d d r e s s e s  some of  t he  p r o b l e m s  t h a t  were  me n t i o ne d  in t h e  p r e v i o u s  

c h a p t e r .  In p a r t i c u l a r ,  t h i s  a l t e r n a t i v e  pa rad i gm a t t e m p t s  t o  o f f e r  a 

more e c o l o g i c a l  p e r s p e c t i v e  f o r  t he  human p e r c e i v e r  and ,  a t  t he  same 

t i m e ,  a more p a r s i m o n i o u s  t h e o r y  o f  b e h a v i o r .  A l t hough  i t  w i l l  p r o v i d e  

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

deve l opmen t  of  D i r e c t  P e r c e p t i o n  Theory  ha s  l i m i t e d  a p p l i c a b i l i t y  t o  

t he  s t u d y  of  j u d g e d  d u r a t i o n .  However ,  t he  a s s u m p t i o n s  of  a n o t h e r  

e c o l o g i c a l  a p p r o a c h ,  J o n e s '  The o r y  of  Rhythmic A t t e n d i n g ,  p r o v i d e  

s e v e r a l  c o n c r e t e  i m p l i c a t i o n s  f o r  t he  s t u d y  of  t i m e .  Le t  u s  now 

examine t he  b a s i c  t e n e t s  of  each  app r oac h  in more d e t a i l  and how t h e y  

t o g e t h e r  may p r o v i d e  a f ramework f o r  b u i l d i n g  a new t h e o r y  of  j udge d  

d u r a t  i o n .

47
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D i r e c t  P e r c e p t i o n  Theo r y

A m a j o r  a s s u m p t i o n  w i t h i n  D i r e c t  T h eo r y  i s  t h a t  t h e  r e l a t i o n s h i p  

be t wee n  a p e r c e i v e r  and i t s  e n v i r on me n t  can be c h a r a c t e r i z e d  in t e rms  

o f  " r e c  i p r oc  i t y " . A c c o r d i n g  t o  t h i s  d o c t r i n e ,  an o r g an i s m  ha s  

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

c e r t a i n  a d a p t i v e  s k i l l s  t h a t  m i r r o r  t h e  demands of  t h i s  n i c h e .  An 

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

owes i t s  i d e n t i t y  t o  t h e  o t h e r .  For  e x a m p l e ,  by d e s c r i b i n g  t he  

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

and b e a k ) ,  we have in a  way d e s c r i b e d  t h e  medium,  t h e  p r e d a t o r - p r e y  

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

A d e s c r i p t i o n  of  an e n v i r o n m e n t a l  n i c h e  c o n s t r a i n s  and d e s c r i b e s  t he  

a c t i v i t i e s  of  i t s  o r g a n i s m s ,  and t he  o r ga n  i s m ' s  p e r c e i v i n g  and a c t i n g  

can  be d e s c r i b e d  r e l a t i v e  t o  i t s  e n v i r o n m e n t .

To i n c o r p o r a t e  t h i s  n o t i o n  of  r e c i p r o c i t y  i n t o  a t h e o r y  o f  

p e r c e p t i o n ,  two a n t e c e d e n t  c o n d i t i o n s  a r e  a s sumed .  F i r s t ,  t he  

e n v i r o n m e n t  c o n t a i n s  l a w f u l ,  i n v a r i a n t  s t r u c t u r e  and s e c o n d ,  an 

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

can be m e t ,  t h e n  t h e r e  i s  no need  f o r  m e d i a t i o n a l  mechani sms  t h a t  

impose me a n i n o  and  o r g a n i z a t i o n  upon t h e  e n v i r o n m e n t .  The r e f e r e n t  of  

b e h a v i o r  t h u s  becomes  t h e  e n v i r o n m e n t a l  e v e n t  i t s e l f  and n o t  a me n t a l  

c o d e .  F u r t h e r ,  i f  t h e  p e r c e i v e r  and i t s  w o r l d  a r e  r e c i p r o c a l l y  

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

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

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

O t h e r w i s e ,  t h e  r e s e a r c h e r  r i s k s  o b t a i n i n g  e x p e r i m e n t a l  a r t i f a c t s ,  

H i e r a r c h i c a l  Ar r angement  of  S p a t i a l  S t r u c t u r e

Much of  G i b s o n ' s  work p r o v i d e s  a d e s c r i p t i o n  of  v a r i o u s  a s p e c t s  

of  our  e n v i r o n m e n t .  As a d e p a r t u r e  f rom c l a s s i c a l  o p t i c s ,  he p r e f e r s  

t o  a n a l y z e  the  w o r ld  in t e r m s  o f  " e c o l o g i c a l  o p t i c s "  or  t he  p h y s i c s  of  

l i g h t  r e l a t i v e  t o  t he  animal  and i t s  e n v i r o n m e n t .  S p e c i f i c a l l y ,  l i g h t  

f rom the  sun o r  l amps i s  assumed t o  r e f l e c t  o f f  s u r f a c e s  and o b j e c t s  

in t he  e n v i r o nm e n t  and p r o v i d e  an ambi en t  o p t i c  a r r a y .  The ambient  

o p t i c  a r r a y  i s  what  i s  p o t e n t i a l l y  a v a i l a b l e  t o  a p e r c e i v i n g  o rgan i sm 

and can be c o n c e i v e d  a s  a h i e r a r c h y  o f  n e s t e d  s o l i d  a n g l e s .  At the 

h i g h e s t  l e v e l  i s  t he  e a r t h - s k y  c o n t r a s t  which p r o v i d e s  a "backdrop"  

f o r  t h e  t e r r e s t i a l  e n v i r o n m e n t .  The o b j e c t s  w i t h i n  t h i s  t e r r e s t i a l  

e n v i ro n m e n t  form an o p t i c  a r r a y  of  v i s u a l  a n g l e s  t h a t  a r e  n e s t e d  by 

s u b o r d i n a t e  l e v e l s  of  s i z e  -  f o r  exampl e ,  t h e r e  a r e  m o u n t a i n s ,  

b u i l d i n g s ,  t r e e s ,  p e o p l e ,  l e a v e s ,  and so on.  These  o b j e c t s  and e v e n t s  

move and c h an ge ,  f o r mi ng  e v e n t s  t h a t  a r e  n e s t e d  by d u r a t i o n .  Some 

e v e n t s  u n f o l d  ove r  y e a r s  w h i l e  o t h e r s  u n f o l d  ove r  mon t hs ,  d a y s ,  h o u r s ,  

and s e c o n d s .  L a s t l y ,  t he  s t r u c t u r e  o f  o b j e c t s  and e v e n t s  t h e m s e l v e s  

a r e  h i e r a r c h i c a l l y  o r g a n i z e d .  In d e s c r i b i n g  t he  g a i t  p a t t e r n  of  a 

w a l k i n g  human,  f o r  example ,  a l l  body j o i n t s  can be shown t o  be 

h i e r a r c h i c a l l y  n e s t e d  a r ound  a s t i l l  c e n t e r  in t he  mi dd l e  of  t he  body 

( C u t t i n g ,  P r o f f i t t ,  & Kozlowski  197 8 ) .  In sum, Gibson ha s  d e m o n s t r a t e d  

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

o v e r l a p p i n g  o b j e c t s  and e v e n t s .  The s p a t i a l  a r r a n g e m e n t  o f  t h i s
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v i s u a l  - f i e l d  i s  h i e r a r c h i c a l  such t h a t  s m a l l e r  o b j e c t s  and e v e n t s  a r e  

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

I n v a r  i a n c e s

Al t hough  t he  w o r l d  can be shown t o  c o n t a i n  l a w f u l l y  o r g a n i z e d  

s t r u c t u r e ,  t h i s  s t r u c t u r e  may n o t  be a p p a r e n t  -from s t a t i c  s n a p s h o t s .  

I n s t e a d ,  an o r g an i s m ha s  t o  a c t i v e l y  e x p l o r e  h e r  e n v i r o n m e n t ,  or  

c o n v e r s e l y  t he  e n v i r o n me n t  ha s  t o  change -for h e r ,  in o r d e r  -for the 

s t r u c t u r e  t o  be p e r c e i v e d .  In G i b s o n ' s  t e r m s ,  t h e r e  a r e  some 

s t r u c t u r a l  r e l a t i o n s h i p s  t h a t  r ema in  i nvar  i a n t  over  t r ans - fo rma t  i onal  

c h a n g e s .  These  i n v a r i a n t  r e l a t i o n s h i p s  w i t h i n  t he  e nv i ronme n t  a r e  the  

p e r c e i v e r ' s  r e - f e r e n t  -for b e h a v i o r  and i t  i s  t h e s e  p e r s i s t e n t  

p r o p e r t i e s  o-f t he  e n v i ro n m e n t  t h a t  an o r ga n i s m i s  s a i d  t o  know. For 

exampl e ,  an i n v a r i a n t  t h a t  we a p p a r e n t l y  use  t o  i d e n t i f y  t h e  gende r  o-f 

a w a l k e r  i s  t he  r a t i o  o-f s h o u l d e r  t o  h i p  movement ( B a r c l a y ,  C u t t i n g  & 

Kozlowski  1978) .  The p e r c e i v i n g  o-f impending c o l l i s i o n  ha s  been shown 

t o  depend upon t h e  i n v a r i a n t  o-f o p t i a l  e x p a n s i o n  p a t t e r n s  ( S c h i f f  & 

D e t w i l e r  1979;  Todd 1981) .  O t h e r s  have i d e n t i f i e d  the  i n v a r i a n t s  used  

f o r  t he  p e r c e p t i o n  of  d ep t h  (Purdy  it Gibson 1955;  Sedgewick 1973) ,  

human f a c e s  (Shaw,  Mc I n t y r e  & Mace 1974) ,  and v a r i o u s  a u d i t o r y  e v e n t s  

(Hahn & J o n e s  1980) .

A f f o r d a n c e s

The e nv i ro n m e n t  n o t  o n l y  c o n t a i n s  l a wf u l  i n v a r i a n t  s t r u c t u r e s  

t h a t  a r e  u sed  f o r  p e r c e p t i o n  -  i t  i s  a l s o  assumed t o  c o n t a i n  meaning  

in the  form of  a f f o r d a n c e s  . A f f o r d a n c e s  a r e  what  t he  e nv i ronme n t  

o f f e r s  t o  an o r ga n i s m f o r  good or  i l l .  For  e xampl e ,  a hammer a f f o r d s
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p o u n d i n g ,  a  c h a i r  a f f o r d s  s i t t i n g ,  a c a r  o u t e r s  t r a n s p o r t a t i o n ,  and so  

o n .  Af - f o r dances  a r e  a n i m a l - s p e c i f i c  a s ,  -for e xampl e ,  a r o c k  i s  a 

weapon f o r  humans b u t  n o t  -for s n a k e s .  For  G i b s o n ,  t h e n ,  me a n i ng  i s  

i n h e r e n t  t o  o b j e c t s  and l a y o u t s  in t h e  e n v i r o n m e n t  and need  n o t  be 

" i n f e r r e d "  by m e d i a t i o n a l  me c ha n i s ms .

P e r c e p t u a l  P i c k u p

T hr ough  t h e  c o n c e p t s  o f  i n v a r i a n c e  and a f f o r d a n c e ,  Gibson and h i s  

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

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

t o  t h i s  s t r u c t u r e .  But  wha t  e x a c t l y  i s  a t t u n e m e n t  and how do 

o r g a n i s m s  come t o  know t h e i r  e n v i r o n m e n t ?  In  r e s p o n s e ,  Gibson c l a i m s  

t h a t  t h e  p e r c e p t u a l  p i c k u p  of  e n v i r o n m e n t a l  s t r u c t u r e  can be 

c h a r a c t e r i z e d  in t e r ms  of " t h e  e d u c a t i o n  of  a t t e n t i o n " .  T h a t  i s ,  by 

a c t i v e l y  e x p l o r i n g  and p e r f o r m i n g  w i t h i n  h e r  e n v i r o n m e n t ,  a 

p e r c e i v e r ' s  b e h a v i o r  w i l l  g r a d u a l l y  become more " r e s o n a n t "  t o  t h o s e  

i n v a r i a n t s  and a f f o r d a n c e s  which  a r e  s i g n i f i c a n t  f o r  h e r  n e e d s .  Her 

p e r c e p t u a l - m o t o r  a c t i v i t i e s  become more s p e c i f i c  t o  t he  e n v i r o nm e n t  

and she  b e g i n s  t o  d i f f e r e n t i a t e  how v a r i o u s  o b j e c t s  and e v e n t s  

c o n s t r a i n  and d e t e r m i n e  h e r  b e h a v i o r .  The c o n c e p t  of  " e d u c a t i o n  of  

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

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

i n t e r r e l a t e d  w i t h  i t s  e n v i r o n m e n t .
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Summary

Th e s e  a r e  t h e  b a s i c  t e n e t s  o-f D i r e c t  T h e o r y  and a g a i n  t h e y  were 

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

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

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

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

in t e r m s  o f  how t h e  e n v i r o n m e n t  d e t e r m i n e s  and c o n s t r a i n s  the  

o r g a n i s m ' s  a c t i v i t i e s ,  T h i s  v iew i s  s t r o n g l y  r o o t e d  in Da r wi n i an  

n o t i o n s  o f  an o r g a n i s m  e v o l v i n g  r e l a t i v e  t o  t h e  demands o f  i t s  

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

t h a t  have a d a p t e d  t o  t h e s e  demands .  T h u s ,  t h e  n o t i o n  of  r e c i p r o c i t y  

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

env i r o n m e n t .

S e c o n d l y ,  D i r e c t  T h e o r y  i s  more p a r s i m o n i o u s  t h a n  many 

m e d i a t i o n a l  t h e o r i e s .  I f  one a ssumes  t h a t  o r g a n i z a t i o n  and mean i ng  a r e  

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

m e d i a t i o n a l  p r o c e s s e s  t o  o r g a n i z e  and e l a b o r a t e  upon s t i m u l a t i o n .  

P e r c e i v i n g  can  be c h a r a c t e r i z e d  by an a c t i v i t y  o f  a t t u n e m e n t  t o  t h o s e  

i n v a r i a n t s  and a f f o r d a n c e s  o f  immediate  n e e d .

F i n a l l y ,  G i b s o n ' s  a t t e m p t  t o  d e s c r i b e  t h e  p e r c e i v i n g  o r g an i s m in 

r e l a t i o n  t o  i t s  e n v i r o n m e n t  i s  hoped t o  s t i m u l a t e  l a b o r a t o r y  r e s e a r c h  

t h a t  i s  more " e c o l o g i c a l l y  v a l i d "  and r e p r e s e n t a t i v e  of  what  humans 

a c t u a l l y  do in r e a l  w o r l d  s i t u a t i o n s .

As t h e  p r e c e d i n g  p o i n t s  i l l u s t r a t e ,  D i r e c t  T h e o r y  d o e s  p r o v i d e  an 

a p p e a l i n g  a l t e r n a t i v e  t o  t h e  i n f o r m a t i o n - p r o c e s s i n g  p a r a d i g m .  I t s
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u n d e r l y i n g  a s s u m p t i o n s  and m e t h o d o l o g i e s  o f f e r  a v a l u a b l e  b a s i s  in 

which t o  e v o l v e  our  u n d e r s t a n d i n g  o-f p e r c e i v i n g  and knowing 

a c t i v i t i e s .  On t he  o t h e r  hand ,  D i r e c t  The o r y  c o n t a i n s  a number o-f 

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

b e h a v i o r  -  i n c l u d i n g  t he  a r e a  of  j u dg e d  d u r a t i o n .

P r ob l ems  Wi th D i r e c t  Theory

I t s  ma j o r  s h o r t c o m i n g ,  a s  s e v e r a l  c r i t i c s  have a l r e a d y  n o t e d  

( J o n e s  1976;  Ulman 1980;  Fodor  & Pylyshyn 1981) c o n c e r n s  t he  l a c k  of  

c o n s i d e r a t i o n  d i r e c t e d  t oward  o r g a n i s m i c  s t r u c t u r e .  Shepard  (1984)  

p r o v i d e s  a c r i t i c a l  a n a l y s i s  of  t h i s  p rob l em and c o r r e c t l y  n o t e s  t h a t  

Gibson n e v e r  a d d r e s s e s  t he  i n t e r n a l  a c t i v i t i e s  which g u i de  p i ckup  and 

a t t u n e m e n t .  D i r e c t  t h e o r i s t s ,  in g e n e r a l ,  have i g n o r ed  t h i s  i s s u e  

b e c a u se  t h e y  wi sh  t o  a v o i d  any c o n s t r u c t s  of  m e d i a t i o n  and i n d i r e c t  

r e p r e s e n t a t i o n s  of  r e a l i t y .  For  t h e s e  same r e a s o n s ,  t h e y  f a i l  t o  

c o n s i d e r  how t h i n k i n g  and r emember i ng  p r o c e s s e s  o c c u r .  Gibson in f a c t  

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

p l a n s ,  me mor i e s ,  and images a r e  a l l  o u t s i d e  t he  r ea l m of  p e r c e p t i o n .  

S h e p a r d ,  on t he  o t h e r  hand ,  c l a i m s  t h a t  such e x p e r i e n c e s  a r e  c l o s e l y  

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

i n t o  one t h e o r e t i c a l  s y s t e m .  To do s o ,  one mus t  f i r s t  a l l ow  t h a t  

t h e r e  a r e  c e r t a i n  i n t e r n a l  d e t e r m i n a n t s  of  r e s o n a n c e  t h a t  match the  

e x t e r n a l  d e t e r m i n a n t s  ( i e .  i n v a r i a n t s ,  a f f o r d a n c e s )  w i t h i n  t he  

e n v i r o n m e n t .  Shepa r d  & Gibson in f a c t  a g r e e  t h u s  f a r  by l i s t i n g  t h e s e  

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

t r a n s i t o r y  n eeds  and e mo t i ona l  s t a t e s .  These  i n t e r n a l  d e t e r m i n a n t s
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r e f l e c t  t he  e x t e r n a l  d e t e r m i n a n t s  and t o g e t h e r  p r e s u ma b l y  g u i de  p i c kup  

b e h a v i o r .

An i m p o r t a n t  p o i n t  o-f d e p a r t u r e  be tween t he  two t h e o r i s t s ,  

howeve r ,  i s  t h a t  Shepa r d  c l a i m s  t h a t  t h e s e  i n t e r n a l  d e t e r m i n a n t s  can 

be a c t i v a t e d  w i t h i n  an o r ga n i s m when t he  e x t e r n a l  d e t e r m i n a n t s  a r e  

e i t h e r  d e g ra d e d  or  e l i m i n a t e d .  The cons equenc e  w i l l  then be t he  

i n t e r n a l  a c t i v i t i e s  t h a t  we t e rm r emember i ng ,  t h i n k i n g ,  d r ea mi n g ,  

p l a n n i n g ,  e t c .  Un l i ke  Gi bs on ,  Shepa r d  a l s o  c l a i m s  t h a t  t h e s e  i n t e r n a l  

d e t e r m i n a n t s  c o n t a i n  t h e i r  own h i e r a r c h i c a l  s t r u c t u r e  (which r e f l e c t s  

t h e  e n v i r o n m e n t )  and t h a t  i t  i s  t h e s e  i n t e r n a l  s t r u c t u r e s  which 

i n i t i a t e  and o u i de  p e r c e i v i n g  and knowing a c t i v i t i e s  . S he pa r d ,  

however ,  f a l l s  v i c t i m  t o  h i s  own c r i t i c i s m s  of  Gibson b e ca us e  he neve r  

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

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

e n v i r o nm e n t a l  s t r u c t u r e  i t  i s  a t t u n e d  t o .

Ano t he r  c r i t i c  o f  D i r e c t  T h e o r y ,  J o n e s  (1976 ;  198 1 ) ,  ha s  

e x p l i c i t l y  a d d r e s s e d  t h e s e  i s s u e s  in a Rhythmic A t t e n d i n g  Th e o r y  of  

b e h a v i o r .  A c c o r d i n g  t o  h e r ,  o r ga n i s ms  p o s s e s s  i n n a t e  r hy t hms  t h a t  a r e  

e v o l u t i o n a r i 1y a t t u n e d  t o  t he  r hy t hms  of e n v i r on m e n t a l  e v e n t s .  The 

a c t i v i t i e s  of  p e r c e i v i n g  and knowing s i mp l y  i n v o l ve  an i n t e r l o c k i n g  of 

t h e s e  r hy t hms  t h r ough  a p r o c e s s  of  s y n c h r o n i z a t i o n .  P e r c e i v i n g  i s  

g u i d e d  by c h a n g e s  in t he  e v e n t ' s  t empora l  s t r u c t u r e  ( i e .  a c c e n t s )  and 

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

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

t h a t  i s  now r e f l e c t e d  w i t h i n  an o r ga n i s m i s  t e rmed  an e x p e c t a n c y
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s c h e m e . E x p e c t a n c y  schemes  a r e  r h y t h m i c a l  in n a t u r e ,  and though 

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

e v e n t .  They  g u i d e  p e r c e i v i n g  and p r o v i d e  a me n t a l  s e t  -for p e r c e i v i n g

c e r t a i n  s t r u c t u r a l  r e l a t i o n s h i p s  t h a t  may o c c u r  in t he  - fu t u r e .  S i n ce

t h e s e  s chemes  a r e  m e n t a l i s t i c ,  t h e y  can a l s o  be i n t e r n a l l y  a c t i v a t e d  

t o  i n i t i a t e  r e m e mb er i n g ,  p l a n n i n g ,  d r e a m i n g ,  h a l l u c i n a t i n g ,  and so on.  

A l t h o u g h  t h e  n a t u r e  o-f t h e s e  e x p e c t a n c y  schemes  w i l l  soon be d i s c u s s e d  

in more d e t a i l ,  t h e  main  p o i n t  h e r e  i s  t h a t  t h i s  n o t i o n  d o e s  a d d r e s s  

t h e  s h o r t c o m i n g s  o-f D i r e c t  T h e o r y .  The e a r l i e r  c o n c e p t s  o-f 

r e c i p r o c i t y  and a t t u n e m e n t  have been more p r e c i s e l y  de- f ined in t e r m s  

o-f s y n c h r o n y ,  and t h e  schemes  which  r e - f l e c t  t h i s  s y n c h r o n y  a c t  t o  

g u i d e  p e r c e i v i n g .  D i r e c t  t h e o r i s t s  may o b j e c t  t o  t h e  m e n t a l i s t i c  

n a t u r e  o-f schemes  b u t  on t h e  o t h e r  hand t h e y  have no t  been c o n s t r u c t e d  

■from medi  a t  i ona l  me c ha n i s ms  n o r  a r e  t h e y  i n d i r e c t  r e p r e s e n t a t i o n s  o-f 

r e a l i t y  -  a g a i n  t h e y  a r e  p o t e n t i a l l y  i s o mo r ph i c  w i t h  c e r t a i n  a s p e c t s  

o-f t h e  e v e n t ' s  s t r u c t u r e .  O-f g r e a t e r  r e l e v a n c e  t o  t h e  s t u d y  o f  j u d g e d  

d u r a t i o n ,  t h e  c o n c e p t  o f  e x p e c t a n c y  schemes  w i l l  e x p l a i n  how o r g a n i s ms  

can p i c k u p  t h e  t e mpor a l  s t r u c t u r e  o f  e n v i r o n m e n t a l  e v e n t s  and how i t

i s  t h a t  we a b l e  t o  e x t r a p o l a t e  an e v e n t ' s  d u r a t i o n  i n t o  f u t u r e  t i m e .

I m p l i c a t i o n s  f o r  Time E s t i m a t i o n

A s e c o n d  d e f i c i e n c y  w i t h i n  t he  c u r r e n t  d ev e l op me n t  of  D i r e c t  

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

e v e n t s .  A l t h ou gh  a dynamic e v e n t  mus t  n e c e s s a r i l y  u n f o l d  ove r  t i m e ,  

Gibson  and h i s  f o l l o w e r s  have n e v e r  a t t e m p t e d  t o  d e t e r m i n e  w h e t h e r  

t h e r e  a r e  c e r t a i n  t empora l  i n v a r i a n t s  w i t h i n  an e v e n t ' s  s t r u c t u r e  t h a t
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a r e  u s e d  -for p e r c e i v i n g .  I n s t e a d ,  the  t empora l  d imens ion  ha s  been 

p r i m a r i l y  r e g a r d e d  a s  a medium of  t r a n s f o r m a t i o n a l  change in which 

s p a t i a l  i n v a r i a n t s  a r e  r e v e a l e d .  For  example ,  some have i n v e s t i g a t e d  

t h e  p e r c e p t u a l  i n v a r i a n t s  t h a t  a r e  us ed  t o  d e t e r m i n e  the  imminent  

c o l l i s i o n  of  a c a r  ( S c h i f f  & D e t w i l e r  1979) or  b a s e b a l l  (Todd 1981) .  

They c o n c l u d e  t h a t  t he  p e r c e p t i o n  of  " t i me  t o  c o n t a c t "  i s  s p e c i f i e d  by 

p a t t e r n s  of  o p t i c a l  e x pa n s i o n  and s i z e  change s  in the  o b j e c t ' s  

p r o j e c t e d  a n g l e .  T h i s  r e s e a r c h  t h u s  c o n s i d e r s  what  s p a t  i al  i n v a r i a n t s  

a r e  y i e l d e d  by t r a n s f o r m a t i o n s  ove r  t ime but  i g n o r e s  any t emporal  

i n v a r i a n t s  t h a t  may be r e v e a l e d  by t r a n s f o r m a t i o n s  J_n t i me .  For 

e x a m p l e ,  c o n s i d e r  a c a r  moving a l o n g  a s t r e e t  marked by t r e e s ,  

t e l e p h o n e  p o l e s ,  and s t o p  s i g n s  a l l  r e g u l a r l y  s pa c e d  in t i me .

R e l a t i v e  t o  t h e s e  b ackg r ound  o b j e c t s ,  t he  o p t i c a l  e x p an s i o n  p a t t e r n  of  

t h e  a p p r o a c h i n g  c a r  may be c h a r a c t e r i z e d  by a n e s t e d  s e t  of  t empora l  

p e r i o d i c i t i e s  ( i e .  m e t e r ) .  S i m i l a r l y ,  t he  p a t t e r n  o f  a c c e l e r a t i o n  and 

d e c e l e r a t i o n  ( c r e a t e d  by s t o p  s i g n s  o r  o t h e r  c a r s )  c r e a t e s  a t ype  of  

rhy thm in t he  c a r ' s  t empora l  c o u r s e .  The i d e n t i f i c a t i o n  of  t h e s e  

t e mpor a l  i n v a r i a n t s  may in t u r n  e x p l a i n  how a p e r c e i v e r  i s  a b l e  t o  

p r e d i c t  when in t i me  an o b j e c t  w i l l  r e a c h  i t s  e n d i n g  p o i n t .

In h i s  l a t e r  w r i t i n g s ,  Gibson (1979)  does  acknowledge t h a t  t he  

t empora l  s t r u c t u r e  of  e n v i r o n m e n t a l  e v e n t s  may be d e s c r i b e d  in a 

h i e r a r c h i c a l  f a s h i o n  -  much l i k e  t he  s t r u c t u r e  of  s p a t i a l  l a y o u t .

A g a i n ,  howeve r ,  he n e v e r  a t t e m p t s  t o  s p e c i f y  what  t h e s e  t empora l  

i n v a r i a n t s  mi gh t  be or  how t h e y  may be used  by a p e r c e i v i n g  o r ga n i s m .

In t h e  f o l l o w i n g  s e c t i o n ,  w e ' l l  r e v i e w  the  ma jo r  t e n e t s  o f  Rhythmic
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in a t t e n d i n g  and p e r c e i v i n g  b e h a v i o r s .  T h i s  t h e o r y  n o t  o n l y  a d d r e s s e s  

t he  ma j o r  s h o r t c o m i n g s  o f  D i r e c t  T h eo ry ,  bu t  w i l l  a l s o  p r o v i d e  an 

u n d e r l y i n g  f o u n d a t i o n  f o r  a new t h e o r y  of  j u d g e d  d u r a t i o n .

The Theory  of  Rhythmic A t t e n d i n g

Al l  n a t u r a l  e v e n t s  w i t h i n  t he  en v i ro n me n t  have a n a t u r a l  

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

u n f o l d  in b e t wee n ,  J o ne s "  t h e o r y  (1976)  i s  p r i m a r i l y  c o n ce r n e d  w i t h  

how an e v e n t ' s  s t r u c t u r e  i s  bo th  s p a t i a l l y  and t e m p o r a l l y  a r r a n g e d  to  

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

exampl e ,  c o n t a i n s  a s e q u e n c e  of  words  t h a t  occur  a t  c e r t a i n  l o c a t i o n s  

in t i m e .  A c c o r d i n g  t o  h e r ,  t h i s  u t t e r a n c e  a s  we l l  a s  many o t h e r  

e v e n t s ,  can be d e s c r i b e d  in t e rms  of  h i e r a r c h i c a l  a r r a n g e m e n t s  of  

s p a t i o - t e m p o r a l  p e r i o d i c i t i e s .  Each p e r i o d i c i t y  i s  d e f i n e d  by the  

span  of  some t r a n s f o r m a t i o n a l  change t h a t  o c c u r s  w i t h i n  an e v e n t ' s  

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

a r e  n e s t e d  w i t h i n  t h o s e  t r a n s f o r m  ove r  l a r g e r  t ime s p a n s .  These  

v a r i o u s  t r a n s f o r m a t  i ons  w i 11 r e v e a l  c e r t a i n  i n v a r i a n t s  w i t h i n  the  

e v e n t  t h a t  a r e  b e h a v i o r a l l y  s i g n i f i c a n t  t o  a p e r c e i v i n g  o r g an i s m.  To 

d e s c r i b e  how o r g a n i s m s  p i c kup  i n v a r i a n t s ,  J o n e s  a r g u e s  t h a t  we a r e  

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

p a r t  of  o r g a n i s m i c  s t r u c t u r e .  A c t i v i t i e s  of  a t t e n d i n g  and p e r c e i v i n g  

t h e n ,  i n vo l v e  a p r o c e s s  of  s ync h r ony  where an o r g a n i s m ' s  i n t e r n a l  

r hy t hms  can lock  i n t o  phase  w i t h  t he  t empora l  p e r i o d i c i t i e s  of  

e n v i r o n m e n t a l  e v e n t s .
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A l t hough  h e r  t h e o r y  i s  i n t e n d e d  t o  be a g e n e r a l  one t h a t  a p p l i e s  

t o  b o t h  v i s u a l  and a u d i t o r y  e v e n t s ,  J o n e s  ha s  p r i m a r i l y  - formula ted  and 

t e s t e d  h e r  i d e a s  w i t h i n  t he  medium o-f m u s i c .  Music e l e g a n t l y  

i l l u s t r a t e s  how n e s t e d  s e t s  of  t r a n s f o r m a t i o n s  and i n v a r i a n t s  can 

d e s c r i b e  an e v e n t  ( i e .  a melody)  t h a t  i s  bo t h  p r e d i c t a b l e  and 

a r t i s t i c .  S p e c i f i c a l l y ,  mus i c a l  t r a n s f o r m a t i o n s  can i n v o l ve  change s  

in e i t h e r  t he  p i t c h  ( s p a t i a l )  o r  r h y t h mi c  ( t e m p o r a l )  s t r u c t u r e  o f  a 

me l ody .  Temporal  t r a n s f o r m a t i o n s  i n vo l ve  changes  in t he  r e l a t i v e  

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

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

t o  induce s y n c h r o n i z a t i o n  and p e r c e p t u a l  p i c k u p .  As we s h a l l  s e e ,  

a t t e n d i n g  w i l l  be g u i d e d  t o  p o i n t s  of  t empora l  change ( t e mpor a l  

a c c e n t s )  which in t u r n  t e n d  t o  be l a w f u l l y  r e l a t e d  t o  change s  in p i t c h  

( me l od i c  a c c e n t s ) .  L e t ' s  now c o n s i d e r  h e r  d e s c r i p t i o n  of  t he  a u d i t o r y  

e nv i ronme n t  and t h i s  a t t u n e m e n t  p r o c e s s  o f  s y n c h r on y .

The H i e r a r c h i c a l  O r g a n i z a t i o n  of  P i t c h  ( Me l od i c )  S t r u c t u r e

Dur ing  the  c o u r s e  of  a day ,  we a r e  bombarded w i t h  mus i c  f rom c a r  

and t r a n s i s t o r  r a d i o s ,  s t e r e o s ,  and even TV. Through t h i s  c o n t i n u a l  

e x p o s u r e ,  mos t  of  us  have a t  l e a s t  a t a c i t  knowledge t h a t  a l l  m e l o d i e s  

a r e  b a s ed  on a m u s i c a l  s c a l e  o r  key .  The common m u s i c a l  s c a l e s  in 

Wes t e rn  mus ic  a r e  t e rmed  " d i a t o n i c ” . A d i a t o n i c  s c a l e  can b e g i n  on 

any key ( o r  t o n i c ) ,  bu t  t he  ”oc t ave *  which i t  s p a n s  c o n t a i n s  seven  

d i f f e r e n t  n o t e s  t h a t  a r e  a d j a c e n t  t o  one a n o t h e r  on t h e  p i a n o .  In t he  

C ma j o r  s c a l e ,  f o r  exampl e ,  n o t i c e  t h a t  t he  r e l a t i o n s h i p  between 

s u c c e s s i v e  n o t e s  can be d e s c r i b e d  as  an i nc remen t  o f  one s t e p :



5 ?

C4 D4 E4 
t on  i c a
m a j o r  t h i r d  I 

_ domi nan t______

F4 G4 A4 B4 C5

W i t h i n  e ac h  s c a l e ,  t h e r e  a r e  ha rmoni c  r e l a t i o n s h i p s  be t ween 

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

r e - f e r  t o  t h e  t o n i c  and c o n s i s t  o-f t he  r e l a t i o n s h i p  be t ween a)  t he  

t o n i c  and t h e  t h i r d  n o t e  o-f t h e  s c a l e  ( ma j o r  t h i r d )  and b)  t he  t o n i c  

and  t h e  -fi-fth n o t e  o-f t h e  s c a l e  ( ma j o r  - f i f t h  o r  d o m i n a n t ) .  For  

e x a m p l e ,  t h e  m a j o r  t h i r d  in t h e  C m a j o r  s c a l e  i s  C4-E4 and t he  

domi nan t  i s  C4-G4.  The s e  t h r e e  n o t e s  t o g e t h e r  ( e g .  CEG) form the  

s c a l e ' s  m a j o r  c h o r d .  By h e a r i n g  t h i s  c h o r d  a l o n e ,  a m u s i c a l l y  

s o p h i s t i c a t e d  l i s t e n e r  can  o f t e n  i d e n t i f y  a m e l o d y ' s  u n d e r l y i n g  s c a l e .

In g e n e r a t i n g  a me l ody ,  a composer  w i l l  i n i t i a l l y  s e l e c t  a s u b s e t  

of  n o t e s  f rom a s c a l e  and t h e n  t r a n s f o r m  t h e s e  i n t o  o t h e r  s e q u e n c e s  of  

n o t e s  by c e r t a i n  c o n v e n t i o n a l  r u l e s .  In t h e  f o l l o w i n g  me l ody ,  f o r  

e x a m p l e ,  t h e  i n i t i a l  p e r i o d  o f  (C4 D4 E4) h a s  been t r a n s f o r m e d  i n t o  

t h e  p e r i o d  o f  (G4 A4 B4) (where  s u b s c r i p t s  i n d i c a t e  o c t a v e ) :



60

C4 D4 E4 G4 A4 B4 C5 B4 A4 E4 D4 C4
m m m m

domi nan t  t  t  t
ton  i c______________________ ]
ma j o r  t h i r d  _________________________ ,

The r e s u l t  i s  a h i e r a r c h i c a l  d e s c r i p t i o n  o f  t he  melody where  -four

t o n a l  g r o u p s  a r e  n e s t e d  w i t h i n  one a n o t h e r .  For  e x a m p l e ,  t h e  s m a l l e r

g roup of  C4 t o  G4 i s  n e s t e d  w i t h i n  t h e  l a r g e r  group  of  C4 t o  C5.

N o t i c e  t h a t  w i t h i n  each  t o n a l  g r o u p ,  t h e  i n t e r v a l  d i s t a n c e  be t ween

a d j a c e n t  t o n e s  i s  a l wa y s  i n v a r i a n t  ( i e .  1 s t e p ) .  However ,  the

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

a n o t i c e a b l e  p i t c h  s k i p  t h a t  e s s e n t i a l l y  ma r k s  t h e  b e g i n n i n g  of  a new

g r o u p .  T h i s  p i t c h  s k i p ,  p r o v i d e d  by t he  o n s e t  o f  a new

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

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

c a p t u r e s  our  a t t e n t i o n  b e c a u s e  i t  r e p r e s e n t s  a d e v i a t i o n  f rom the

p r e c e d i n g  c o n t e x t  -  t h e  <m) a c c e n t s  shown a bo v e ,  f o r  ex a mp l e ,

r e p r e s e n t s  a d e v i a t i o n  f rom t h e  p r e v i o u s  i n t e r - p i t c h  d i s t a n c e  of  one

s c a l e  s t e p .

S i n c e  a c c e n t s  do c a p t u r e  a l i s t e n e r ' s  a t t e n t i o n ,  a composer  w i l l  

o f t e n  s t r a t e g i c a l l y  s e l e c t  t h o s e  n o t e s  t h a t  i n i t i a t e  a m u s i c a l  r u l e
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t r a n s f o r m a t i o n .  The mos t  common c o n v e n t i o n  i s  t o  s e l e c t  n o t e s  t h a t  

a r e  h a r m o n i c a l l y  r e l a t e d  t o  t he  t o n i c  < i e .  a r e  ma j o r  c h o r d  member s ) .

In t h e  me lody  shown a b o v e ,  f o r  e x a mp l e ,  m e l o d i c  a c c e n t s  c o r r e s p o n d  

w i t h  G4 ( d o m i n a n t ) ,  05 ( t o n i c )  and E4 ( ma j o r  t h i r d ) .  The p u r p o s e  of  

t h i s  c o n v e n t i o n  i s  t o  " a n ch o r "  a  me lody  t o  i t s  u n d e r l y i n g  s c a l e ,  

p r o v i d i n g  a s e n s e  of  s t a b i l i t y  and c o h e r e n c e  t o  t h e  e n t i r e  me l ody .

To summa r i z e ,  we / ve shown t h a t  a me lody  can be d e s c r i b e d  a s  a 

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

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

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

h i g h l i g h t  a m e l o d y ' s  s c a l e  b e c a u s e  t h e y  a r e  members  o f  t h e  ma j o r  

c h o r d .

The H i e r a r c h i c a l  O r g a n i z a t i o n  o f  Temporal  S t r u c t u r e

So f a r  w e ' v e  c o n s i d e r e d  t he  t r a n s f o r m a t i o n a l  n a t u r e  o f  a melody 

in t e r ms  of  i t s  p i t c h  r e l a t i o n s h i p s ,  bu t  a  me lody  i s  n o t  a f r o z e n  

o b j e c t  -  i t  f l o w s  o v e r  t i m e .  J o n e s  ( 1 9 8 1 a ;  1981b;  1981c)  h a s  shown 

t h a t  t h e  t e mpor a l  r e l a t i o n s h i p s  w i t h i n  a me lody can a l s o  be 

h i e r a r c h i c a l 1y r e p r e s e n t e d  w i t h  c e r t a i n  u n d e r l y i n g  i n v a r i a n t s .  In 

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

r h y t h m ,  and t empo.  The m e t e r  r e f e r s  t o  t he  b a s i c  g r o u p i n g  o f  b e a t s  

w i t h i n  a me a s u r e  o f  mus i c  and i s  d e t e r m i n e d  by the  t i me  s i g n a t u r e  

a s s i g n e d  by a c o m p o se r .  I f ,  f o r  ex a mp l e ,  we t a k e  t h e  melody 

i l l u s t r a t e d  e a r l i e r  and a s s i g n  i t  t he  m e t e r  of  3 / 4  t i m i n g ,  i t  w i l l  

a p p e a r  a s  t h e  f o l l o w i n g :



The 4 i n d i c a t e s  t h a t  t h e  b e a t  u n i t  i s  a q u a r t e r  n o t e  ( i e . J )  and t h a t  

t h e r e  a r e  t h r e e  b e a t s  w i t h i n  eac h  me asur e  ( d e m a r c a t e d  by t h e  ba r  

l i n e s ) .  O t he r  t ime s i g n a t u r e s  t h a t  a r e  commonly u s e d  a r e  d up l e  ( 2 / 4 )  

q u a d r u p l e  ( 4 / 4 ) ,  and s e x t u p l e  ( 6 / 8 ) .  The m e t e r  o f  any me l ody ,  

h owe ve r ,  can be h i e r a r c h i c a l l y  r e p r e s e n t e d  where  s m a l l e r  t ime p e r i o d s  

a r e  n e s t e d  w i t h i n  l a r g e r  t i me  p e r i o d s .  For  e x a m p l e ,  i f  we a s s i g n  the  

d u r a t i o n  v a l u e  -for eac h  q u a r t e r  n o t e  a s  b e i n g  200 ms.  ( i e .  Tl=200 ms) 

t h e n  t h e  t w e l v e  t o n a l  d u r a t i o n s  can be d e s c r i b e d  in t e r m s  o-f t he  

■fol lowing h i e r a r c h y :

T1 T1 T1 T1 T1 T1 Ti  T1 T1 T1 T1 T1

N o t i c e  t h a t  t h e  l a r g e s t  t i me  span  o-f t h e  me lody (T12)  c o n t a i n s  a 

n e s t i n g  o-f s m a l l e r  t i me  p e r i o d s  o-f T3 + T3 = T6 and s t i l l  s m a l l e r  

n e s t e d  p e r i o d s  o-f Tl  + T l  + Tl  = T3 .  The m e t e r  t h e n  s e r v e s  t o  

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

A m e l o d y ' s  r hy t hm , on t h e  o t h e r  h a n d ,  r e f e r s  t o  t r a n s f o r m a t i o n s  

o f  a m e l o d y ' s  t ime s t r u c t u r e .  T h a t  i s ,  t h e  d u r a t i o n  of  c e r t a i n  n o t e s  

may be c hange d  such t h a t  t h e y  r e c e i v e  e x t r a  b e a t s .  Th es e  p r o l o n g e d  

n o t e s ,  howeve r ,  w i l l  a l w a y s  b e a r  s p e c i f i c  r a t i o s  of  d u r a t i o n  r e l a t i v e
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t o  o t h e r  n o t e s .  For  e xampl e ,  i f  t he  b e a t  u n i t  o f  a m e t e r  i s  a q u a r t e r  

n o t e ,  t he n  a h a l f  n o t e  w i l l  be t wi c e  a s  l ong  a s  each q u a r t e r  n o t e ,  and 

a whole  n o t e  w i l l  be t w i c e  a s  l o n g  as  each h a l f  n o t e .  For  a melody 

w r i t t e n  in 4 / 4  m e t e r ,  t h e n ,  a me asu r e  may c o n t a i n  f o u r  q u a r t e r  n o t e s ,  

two h a l f  n o t e s ,  one h a l f  n o t e  and two q u a r t e r  n o t e s ,  or  one whole 

n o t e .  N o t i c e  t h a t  w h i l e  rhythm ha s  t r a n s f o r m e d  the  d u r a t i o n a l  va l ue  

of  n o t e s  w i t h i n  a m e a s u r e ,  t h e  m e l o d y ' s  m e t e r  i s  l e f t  i n v a r i a n t .

The t e mpora l  t r a n s f o r m a t i o n s  t h a t  a r i s e  f rom rhythm c r e a t e  a 

p a t t e r n  o f  t empora l  a c c e n t s  ( t )  w i t h i n  a me l ody .  A g a i n ,  t h e s e  a c c e n t s  

s i g n i f y  a change  in t he  m e l o d y ' s  t ime s t r u c t u r e  and f r e q u e n t l y  a r i s e  

f rom n o t e s  t h a t  a r e  r e l a t i v e l y  l o n g e r  t han  t he  b e a t  u n i t .  The r e  i s ,  

howeve r ,  a n o t h e r  way t h a t  t empora l  a c c e n t s  can be c r e a t e d  w i t h i n  a 

melody and t h i s  i s  t h r ough  the  use  of  p a u s i n g  o r  " r e s t s " .  T h a t  i s ,  a 

composer  may i n s e r t  a p e r i o d  of  s i l e n c e  where  a no t e  may n o r m a l l y  

o c c u r  -  r e s u l t i n g  in what  mi gh t  be c a l l e d  a " m i s s i n g  b e a t " .  S ince  

p a u s e s  s i g n i f y  a t empora l  c h a n g e ,  t h e y  t oo  w i l l  c r e a t e  a c c e n t s  on 

n o t e s  t h a t  a c t u a l l y  e x i s t  w i t h i n  a me lody .  These  a c c e n t e d  n o t e s ,  

however ,  w i l l  be t h o s e  t h a t  i mme d i a t e l y  f o l 1ow a p a u s e .

R e g a r d l e s s  of  w h e t h e r  t empora l  a c c e n t s  a r i s e  f rom p a u s e s  or  

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

u s u a l l y  i s o c h r o n o u s  -  t empora l  a c c e n t s  u s u a l l y  r e c u r  a f t e r  an 

i n v a r i a n t  number of  b e a t s .  Li ke  m e l o d i c  a c c e n t s ,  t empora l  a c c e n t s  a r e  

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

a t t e n t  i o n .
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L a s t l y ,  t h e  tempo o-f a melody r e f e r s  t o  i t s  o v e r a l l  r a t e  which 

i s  s e t  by the  v a l u e  of  t he  b e a t  u n i t .  I f  t he  b e a t  u n i t  i s  an e i g h t h  

n o t e ,  t h e  me lody w i l l  be r e l a t i v e l y  f a s t e r  t han  a melody b a s ed  on a 

q u a r t e r  n o t e ,  Any melody can be s lowed down or  s peeded  up and t h u s  be 

t r a n s f o r m e d  by t empo,  b u t  a t  t he  same t ime t he  t empora l  r e l a t i o n s h i p s  

be t ween a l l  n o t e s  w i l l  r ema i n  i n v a r i a n t .

At  t h i s  p o i n t ,  t h e n ,  we have d e s c r i b e d  a melody in t e rm s  o f  i t s  

h i e r a r c h i c a l  a r r a n g e m e n t  of  p i t c h  and t ime s t r u c t u r e .  Music a r t f u l l y  

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

a p p e a r  a s  u n i f i e d  e v e n t s .  T h i s  s e n s e  of  u n i t y  can be s t r u c t u r a l l y  

d e s c r i b e d  in t e rm s  o f  l a wf u l  i n t e r r e l a t i o n s h i p s  be tween m e l o d i c  and 

t e mpor a l  a c c e n t s .  For  e xampl e ,  a composer  w i l l  f r e q u e n t l y  s upe r i mpose  

a m e l o d y ' s  p a t t e r n  of  m e l o d i c  a c c e n t s  w i t h  i t s  p a t t e r n  of  t empora l  

a c c e n t s  such t h a t  t he  two c o - o c c u r .  By d o i n g  s o ,  the  m e l o d i c  a c c e n t s  

a r i s i n g  f rom t r a n s f o r m a t i o n s  of  m u s i c a l  r u l e s  become even more s a l i e n t  

when accompani ed  by a t e mpor a l  a c c e n t .  These  c o - o c c u r r i n g  a c c e n t s  

f u r t h e r  h e l p  a l i s t e n e r  t o  i d e n t i f y  a m e l o d y ' s  key and s e r v e  to  

i n t e g r a t e  and a ncho r  t he  e n t i r e  melody t o  an u n d e r l y i n g  s c a l e .

In summary,  J o n e s  ha s  d e m o n s t r a t e d  t h a t  t he  p i t c h  and t empora l  

r e l a t i o n s  w i t h i n  an a u d i t o r y  e v e n t  can be d e s c r i b e d  in t e rm s  of  

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

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

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

p i t c h  and t empora l  r e l a t i o n s h i p  between n o t e s  w i t h i n  a p e r i o d  a s  we l l  

a s  t he  r e g u l a r  r e c u r r e n c e  o f  b o t h  t empora l  and m e l o d i c  a c c e n t s .  Given
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t h i s  l a wf u l  d e s c r i p t i o n  o-f t he  a u d i t o r y  e n v i r o n m e n t ,  how do p e r c e i v e r s  

go a bou t  p i c k i n g  up t h e s e  i n v a r i a n t s ?

P e r c e p t u a l  P i ckup  a s  Synchrony

J o n e s  a s sumes  an e c o l o g i c a l  p e r s p e c t i v e  and e n v i s i o n s  the  

p e r c e  i v e r - w o r l  d r e l a t i o n s h i p  a s  one o-f r e c i p r o c i t y .  In t h i s ,  he r  

app r o a c h  r e v e a l s  a s t r o n g  G i b s on i a n  i n - f l uence .  However,  u n l i k e  

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

i s  d i r e c t l y  a t t u n e d  t o  t he  t empora l  s t r u c t u r e  o-f t he  e n v i r o n m e n t .

Sp e c i - f i c a l  1 y , J o n e s  <1976j  1982) e n v i s i o n s  t h e  p e r c e i v e r  a s  a r h y t h m i c  

o r g a n i s m ,  one t h a t  ha s  e v o l v e d  r e l a t i v e  t o  an i n h e r e n t l y  r h y t h mi c  

e n v i r o n m e n t .  Uhenever  we p e r c e i v e  or  a t t e n d  t o  an e v e n t ,  our  i n t e r n a l  

r hy t hms  l oc k  i n t o  phas e  w i t h  c e r t a i n  p e r i o d i c i t i e s  o-f t he  e nv i ronment  

t h r ough  a p r o c e s s  o f  s y n c h r o n y .  The p e r c e i v e r  and he r  e nv i ronme n t  

e s s e n t i a l l y  become u n i f i e d  b e ca us e  t he  r h y t h mi c  a c t i v i t i e s  w i t h i n  an 

o r ga n i s m w i l l  r e c i p r o c a l 1y match t h o s e  w i t h i n  t he  e n v i r o n m e n t .  

P e r c e p t u a l  E f f e c t i v e n e s s  of  Synchrony

The e n v i r o n me n t  a c t u a l l y  d e t e r m i n e s  t he  d e g r ee  or  e f f e c t i v e n e s s  

of  s y n c h r on y  t h r ou g h  i t s  p a r t i c u l a r  a r r an ge m e n t  of  t empora l  a c c e n t s .  

Temporal  a c c e n t s  a c t  a s  p o i n t s  of  p h a s e l o c k .  I f  t h e s e  a c c e n t s  a r e  

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

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

e f f e c t i v e  p i c k u p  of  a m e l o d y ' s  t empora l  s t r u c t u r e .  The p i c kup  of 

p i t ch  s t r u c t u r e  w i l l  depend upon t he  r e l a t i o n s h i p  between t empora l  and 

m e l o d i c  a c c e n t s .  I f  t h e s e  two t y p e s  of  a c c e n t s  c o - o c c u r  < i e .  tm ) or  

d i s p l a y  i n v a r i a n t  r a t i o s  of  r e l a t i v e  p l a ceme n t
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< i e . t . . .m. . . t . . . m . . . t . . .m>, t he n  t e mpor a l  a c c e n t s  w i l l  g u i d e  a t t e n d i n g  

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

w i l l  be a b l e  t o  g e n e r a t e  e x o e c t a n c i e s  a b o u t  t he  f u t u r e  c o u r s e  of  t he  

me l o d y .  E x p e c t a n c i e s  a r e  f u t u r e  e x t r a p o l a t i o n s  o f  a m e l o d y ' s  

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

m a i n t a i n  a p r e d i c t a b l e  and i n v a r i a n t  r e l a t i o n s h i p  t h r o u g h o u t  a me lody ,  

a p e r c e i v e r  i s  t h u s  a b l e  t o  c o r r e c t l y  a n t i c i p a t e  b o t h  t he  what  and 

when of  upcoming n o t e s .  For  e x a mp l e ,  c o n s i d e r  t h e  me lody t h a t  we 

examined  e a r l i e r  and assume t h a t  a  paus e  o c c u r s  a f t e r  e v e r y  t h i r d  

n o t e .  The p a t t e r n  of  t e mpor a l  < t )  and m e l o d i c  <m> a c c e n t s  become a s  

f o l l o w s :

34 A4 B4 05 B4 A4 E4 D4 0404 D4 E4
m m m m
t  t  t  t

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

b e c a u s e  t e mpor a l  a c c e n t s  r e g u l a r l y  r e c u r  o ve r  t i m e .  F u r t h e r ,  n o t i c e  

t h a t  each  < t )  a c c e n t  g u i d e s  a t t e n t i o n  t o  t he  p r e c i s e  l o c a t i o n  o f  p i t c h  

change  <m), S i n c e  t h i s  p r e d i c t a b l e  p a t t e r n  o f  i n t e r r e l a t e d  a c c e n t s  i s  

e x p e c t e d  t o  c o n t i n u e  t h r o u g h o u t  t h e  p a t t e r n ,  one can a n t i c i p a t e  n o t  

o n l y  "what* t o n e s  w i l l  o c c u r  b u t  a l s o  *when" in t i me  t h e y  w i l l  do s o .
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In t h i s  s o r t  o f  p a t t e r n ,  t h e s e  e x p e c t a n c i e s  w i l l  in f a c t  be c o n f i r m e d .  

Synchrony  R e s u l t i n g  f rom P e r c e p t u a l  L e a r n i n g

H o s t  e v e n t s  w i t h i n  t h e  n a t u r a l  e n v i r o n m e n t ,  such  a s  m u s i c ,  

s p e e c h ,  an imal  s o u n d s ,  and s o  on ,  do in f a c t  d i s p l a y  i n v a r i a n t  

r e l a t i o n s h i p s  be t ween  m e l o d i c  and t empora l  a c c e n t s .  Thus  p e r c e p t u a l  

p i c k up  w i l l  c o r r e s p o n d i n g l y  r e f l e c t  t h e  e v e n t ' s  a c t u a l  s t r u c t u r e .

Othe r  e v e n t s ,  h owe ve r ,  c o n t a i n  a l e s s  p r e d i c t a b l e  m e l o d i c  and t empora l  

s t r u c t u r e .  S i n c e  t h e i r  s t r u c t u r e  w i l l  v i o l a t e  a p e r c e i v e r ' s  

e x p e c t a n c i e s ,  p e r c e p t u a l  l e a r n i n g  w i l l  be r e q u i r e d  f o r  e f f e c t i v e  

s y n c h r o n i z a t i o n  and p e r c e p t u a l  p i c k u p .  For  e x a mp l e ,  l e t ' s  suppose  

t h a t  a me lody  d o e s  d i s p l a y  a p a t t e r n  o f  c o - o c c u r r i n g  m e l o d i c  and 

t e mpor a l  a c c e n t s .  Thes e  a c c e n t s  p r e d i c t a b l y  r e c u r  a t  a c e r t a i n  b e a t  

r a t e  b u t  s u d d e n l y  b e g i n  t o  s p e e d  up or  s low down.  H e r e ,  a t t e n d i n g  

w i l l  be m i s g u i d e d .  By e x t r a p o l a t i n g  t h e  m e l o d y ' s  p r e c e d i n g  c o n t e x t  

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

c e r t a i n  l o c a t i o n s  in t i m e .  The change  in r a t e ,  howeve r ,  h a s  c a u s e d  

t h e s e  l a t e r  a c c e n t s  t o  be ■ i l l - t i m e d "  b e c a u s e  t h e y  o c c u r  e a r l i e r  or  

l a t e r  t h a n  e x p e c t e d .  A l t h o u g h  a  p e r c e i v e r  may e v e n t u a l l y  p i c k u p  the  

e v e n t ' s  a c t u a l  s t r u c t u r e ,  t h i s  w i l l  r e q u i r e  s e v e r a l  t r i a l s  w h i l e  the  

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

O t he r  k i n d s  o f  e v e n t s  may r e q u i r e  e x t e n s i v e  p e r c e p t u a l  l e a r n i n g  

b e c a u s e  t h e i r  m e l o d i c  and t empora l  a c c e n t  s t r u c t u r e s  a r e  

" i n c o m p a t i b l e " .  Each t ype  o f  a c c e n t  may d i s p l a y  an i s o c h r o n o u s  

p a t t e r n  of  r e c u r r e n c e  bu t  t h e  i n t e r r e l a t  i onsh i p be t ween m e l o d i c  and 

t e mpora l  a c c e n t s  i s  an u n p r e d i c t a b l e  o n e .  As an e x a m p l e ,  suppose  t h a t
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a me l ody  c o n t a i n s  a m u s i c a l  r u l e  t r a n s f o r m a t i o n  <m a c c e n t )  a f t e r  e v e r y  

t h i r d  n o t e  b u t  a  t e mpor a l  a c a c e n t  <t> a f t e r  e v e r y  f o u r t h  n o t e :

C4 D4 E4 64 A4 B4 C5 B4 A4 E4 D4 C4
tm m t  m t  m

How w i l l  p e r c e p t u a l  p i c k u p  be a f f e c t e d  by t h i s  s o r t  of  s t r u c t u r e ?

S i n c e  t emp o r a l  a c c e n t s  p r e d i c t a b l y  r e c u r ,  t he  m e l o d y ' s  t empora l  b e a t  

s t r u c t u r e  s h o u l d  be p i c k e d  up t h r o u g h  s y n c h r o n i z a t i o n .  The m e l o d y ' s  

p i t c h  s t r u c t u r e ,  on t h e  o t h e r  h a nd ,  s h o u l d  be more d i f f i c u l t  t o  

a t t e n t i o n a l 1y t r a c k .  Temporal  a c c e n t s  do n o t  g u i d e  t h e  p e r c e i v e r  t o  

l o c a t i o n s  of  m u s i c a l  r u l e  c h a n g e ,  no r  can t h e  o c c u r r e n c e  of  m e l o d i c  

a c c e n t s  be p r e d i c t e d  f rom t h e  p a t t e r n  o f  t e mp o r a l  a c c e n t s .  In s h o r t ,  

a p e r c e i v e r  c a n n o t  r e l i a b l y  a n t i c i p a t e  what  t o n e s  may o c c u r  in t he  

f u t u r e .  A l t h o u g h  t h i s  p a t t e r n  can e v e n t u a l l y  be l e a r n e d ,  a g a i n  i t  may 

r e q u i r e  many t r i a l s .

E x p e c t a n c y  Schemes

R e g a r d l e s s  of  how much p e r c e p t u a l  l e a r n i n g  h a s  o c c u r r e d  f o r  an 

e v e n t ,  l e t ' s  now assume t h a t  t h e  e v e n t ' s  s t r u c t u r e  h a s  been p i c k e d  up .  

Uha t  i s  t h e  n a t u r e  o f  t h i s  o r g a n i s m i c  s t r u c t u r e ?  A c c o r d i n g  t o  J o n e s ,  

an o r g a n i s m  w i l l  i n t e r n a l i z e  an e v e n t  in t h e  fo rm o f  an e x p e c t a n c y  

s c h e m e . These  schemes  a r e  r h y t h m i c  and dynamic in n a t u r e  and r e f l e c t  

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

p e r c e i v i n g ,  p r e p a r i n g  the  o r g a n i s m  f o r  upcoming e v e n t s ,  and a r e  

c o n t i n u a l l y  m o d i f i e d  by new i n f o r m a t i o n  w i t h i n  t h e  e n v i r o n m e n t .  In 

s h o r t ,  e x p e c t a n c y  schemes  p r o v i d e  a me n t a l  s e t  f o r  p e r c e i v i n g  and 

r e f l e c t  what  s o r t s  of  s t r u c t u r a l  r e l a t i o n s h i p s  a r e  e x p e c t e d  t o  o c c u r
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in - fu ture  i n s t a n c e s  o-f an e v e n t .  Wi th i n  t he  c a t e g o r y  o-f m u s i c ,  -for 

ex a mp l e ,  a p e r c e i v e r  may e x p e c t  t h e  p r e s e n c e  o-f c e r t a i n  m u s i c a l  

c o n v e n t i o n s  b e c a u s e  mos t  m e l o d i e s  h e a r d  in t he  p a s t  have d i s p l a y e d  

t h e s e  c o n v e n t i o n s .  As Me m e n t i o n e d  e a r l i e r ,  J o n e s  a l s o  assumes  t h a t  

e x p e c t a n c y  schemes  can be i n t e r n a l l y  a c t i v a t e d  in t he  a b s ence  o-f an 

e n v i r o n m e n t a l  e v e n t .  T h i s  w i l l  c r e a t e  v a r i o u s  s u b j e c t i v e  a c t i v i t i e s ,  

i n c l u d i n g  r eme mber i ng ,  d r e a m i n g ,  p l a n n i n g ,  f a n t a s i z i n g ,  and 

ha l  l u c  i n a t  i ng .

To summa r i z e ,  J o n e s / Rhythmic A t t e n d i n g  Theory  p r o v i d e s  an 

a l t e r n a t i v e  t h e o r e t i c a l  p e r s p e c t i v e  -for t he  s t u d y  o-f p e r c e p t i o n .  I t  

a l s o  a d d r e s s e s  some ma j o r  s h o r t c o m i n g s  of  an e a r l i e r  e c o l o g i c a l  

a p p r o a c h ,  G i b s o n ' s  D i r e c t  P e r c e p t i o n  T h e o r y .  A l t hough  D i r e c t  

t h e o r i s t s  assume t h a t  p e r c e p t i o n  i s  d e t e r m i n e d  by e v e n t  s t r u c t u r e ,  

t h e y  have i g n o r e d  t he  impact  o f  t empora l  i n f o r m a t i o n  upon p e r c e p t u a l  

b e h a v i o r .  F u r t h e r ,  Gibson and h i s  f o l l o w e r s  n e ve r  a d d r e s s  t he  i s s u e  

of  o r g a n i s m i c  s t r u c t u r e  t o  e x p l a i n  how a p e r c e i v e r  knows o r  becomes 

■ a t t u n e d "  t o  h e r  e n v i r o n m e n t .  By a n a l y z i n g  an e v e n t ' s  t empora l  

s t r u c t u r e ,  however ,  J o n e s  has  shown t h a t  rhythm may p r o v i d e  t he  b a s i s  

f o r  a t t u n e m e n t .  Rhythms w i t h i n  t he  o r ga n i s m and e nv i ronment  

p r e s um a b l y  can i n t e r l o c k  th r ough  s y n c h r o n i z a t i o n  such t h a t  the  

s t r u c t u r e  of  one p r o v i d e s  a r e c i p r o c a l  d e s c r i p t i o n  of  t h e  o t h e r .  

O r gan i s mi c  s t r u c t u r e  i s  c h a r a c t e r i z e d  in t e rms  o f  e x p e c t a n c y  schemes  

t h a t  no t  o n l y  r e f l e c t  t he  s t r u c t u r e  of  v a r i o u s  k i n d s  of  n a t u r a l  

e v e n t s ,  b u t  f u n c t i o n  t o  gu i de  p e r c e i v i n g  and r emember i ng  a c t i v i t i e s .
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C o n t r a r y  t o  t h e  p r e f e r e n c e  o f  D i r e c t  T h e o r y ,  e x p e c t a n c y  schemes  

a r e  assumed t o  be m e n t a l i s t i c . I t ' s  i m p o r t a n t  t o  n o t e ,  howeve r ,  t h a t  

t h e y  a r e  n o t  d u a l i s t i c .  Thes e  i n t e r n a l  s chemes  have  been  e s t a b l i s h e d  

by t h e  s t r u c t u r e  o f  n a t u r a l  e v e n t s  and a r e  d i r e c t l y  l i n k e d  t h r ou g h  

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

in t h e  dynamic and c o n t i n u o u s  n a t u r e  o f  i n t e r n a l  r h y t h m s .  These  

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

m e d i a t e d  p e r c e p t i o n  t h a t  a r e  found  in t h e  c u r r e n t  

i n f o r m a t i o n - p r o c e s s i n g  a p p r oa c h  t o  p e r c e p t i o n .

Now t h a t  w e ' v e  examined  t h e  b a s i c  a s s u m p t i o n s  w i t h i n  J o n e s '  

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

What a d v a n t a g e s  do t h e s e  c o n c e p t s  of  h i e r a r c h i c a l  t i m e ,  s y n c h r o n y  and 

e x p e c t a n c y  have  t o  o f f e r  t o  t h e  s t u d y  o f  j u d g e d  d u r a t i o n ?

I m p l i c a t i o n s  f o r  Time E s t i m a t i o n

In  an e a r l i e r  r e v i e w ,  we n o t e d  t h a t  c o n t e mp o r a r y  m o d e l s  o f  j u d g e d  

d u r a t i o n  d i s p l a y  t he  f o l l o w i n g  p r o b l e m s :

1) i n c o n s i s t e n t  e x p e r i m e n t a l  s u p p o r t  t h a t  may a r i s e  f rom

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

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

2) a s y m m e t r i c a l  r e l a t i o n s h i p  be t ween a c o n t i n u o u s  e n v i r o n m e n t  and 

d i s c r e t e  p e r c e p t u a l  a c t i v i t i e s

3)  g e n e r a l  l a c k  o f  p a r s i m o n y  due t o

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

b .  a dua l  r o l e  o f  t ime

4)  no e x p l a n a t i o n  f o r  s i t u a t i o n s  i n v o l v i n g  f u t u r e  t i me
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By a d o p t i n g  an e c o l o g i c a l  p e r s p e c t i v e ,  J o n e s '  t h e o r y  h a s  

a d d r e s s e d  many o f  t h e s e  p r o b l e m s .  F i r s t ,  a h i e r a r c h i c a l  d e s c r i p t i o n  

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

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

t h a t  a r e  n o t  o n l y  i n t e r r e l a t e d  w i t h i n  a g iv e n  s t r u c t u r a l  l e v e l  <eg.  

p i t c h )  b u t  i n t e r r e l a t e d  w i t h  o t h e r  s t r u c t u r a l  l e v e l s  ( i e .  r hy thm)  a s  

w e l l .  S i n c e  an e v e n t ' s  s t r u c t u r e  i s  i n t r i n s i c a l l y  i n t e g r a t e d ,  t h e r e  

i s  no need  f o r  m e d i a t i o n a l  a c t i v i t i e s  t h a t  impose o r g a n i z a t i o n  t h r ou g h  

a c o n c a t e n a t i o n  of  c h u n k s .  The c o n t i n u o u s  n a t u r e  of  an e v e n t  can now 

be d e s c r i b e d  in t e r m s  of  i t s  s t r u c t u r a l  i n t e r r e l a t i o n s h i p s  and n o t  in 

t e r m s  o f  a me n t a l  c o d e .  F u r t h e r ,  t h e  c o n c e p t  of  s y n c h r on y  o f f e r s  a 

r e c i p r o c a l  r e l a t i o n s h i p  be t wee n  a p e r c e i v e r  and i t s  e n v i r o n m e n t .

Both a r e  r h y t h m i c a l  in n a t u r e  and t h e  a c t i v i t y  of  p e r c e i v i n g  m i r r o r s  

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

t h a t  t ime i s  an i m p o r t a n t  a s p e c t  o f  an e v e n t ' s  s t r u c t u r e  t h a t  i s  

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

a t t e n d i n g  t o  and  p e r c e i v i n g  an e v e n t ,  she  i s  n e c e s s a r i l y  p e r c e i v i n g  

t h e  t e mpor a l  r e l a t i o n s h i p s  w i t h i n  an e v e n t .  Temporal  s t r u c t u r e  i s  n o t  

i n f e r r e d  f rom a  s e q u e n c e  of  p r o c e s s i n g  a c t i v i t i e s  b u t  i s  i n h e r e n t  to  

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

no l o n g e r  p l a y s  a dua l  r o l e  b e c a u s e  t h e r e  i s  no need  f o r  " p r o c e s s i n g  

t ime"  t o  o c c u r  d u r i n g  a g i v e n  i n t e r v a l .  The r e f e r e n t  f o r  j u d g e d  

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

m e n t a l  c o d e .  T h i r d ,  i f  t h e  r e f e r e n t  f o r  j u d g e d  d u r a t i o n  i s  t he  

t e mpor a l  s t r u c t u r e  o f  an e n v i r o n m e n t a l  e v e n t ,  t hen  m a n i p u l a t i o n s  of
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c o m p l e x i t y  can be more p r e c i s e l y  de- f ined w i t h i n  t h e  e n v i r o n m e n t .  For  

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

c h a n g i n g  t empos  may be o ve r  o r  u n d e r e s t i m a t e d  in r e l a t i v e  d u r a t i o n .  

S i n c e  t h e s e  s o r t s  o-f s t r u c t u r e s  p r e s u ma b l y  m i s g u i d e  a t t e n d i n g ,  j udge d  

d u r a t i o n  s h o u l d  be c o r r e s p o n d i n g l y  a- f - fected.  L a s t l y ,  t h e  c o n c e p t  o-f 

- fu tu re  t ime h a s  been p a r s i m o n i o u s l y  i n c o r p o r a t e d  i n t o  t h e  a c t  o-f 

p e r c e i v i n g .  The e v e n t ' s  un - fo ld i ng  s t r u c t u r e  a l l o w s  a p e r c e i v e r  t o  

g e n e r a t e  e x p e c t a n c i e s  a b o u t  t h e  what  and when o-f - fu ture  n o t e s .  In 

g e n e r a l  t h e n ,  t h e  a s s u m p t i o n s  w i t h i n  J o n e s '  t h e o r y  a p p ea r  t o  o f f e r  a 

more p r e c i s e  and p a r s i m o n i o u s  f r amework  f o r  t he  s t u d y  of  j u d g e d  

d u r a t  i o n .

C h a p t e r  Summary

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

a s s u m p t i o n s  on which  t o  b u i l d  an a l t e r n a t i v e  t h e o r y  of  j u d g e d  

d u r a t i o n .  These  a s s u m p t i o n s  have  been e x t r a c t e d  f rom the  D i r e c t  

P e r c e p t i o n  and Rhythmic  A t t e n d i n g  T h e o r i e s  which  do n o t  y e t  

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

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

a p p r o a c h .  As an a l t e r n a t i v e  t o  t h e  n o t i o n s  of  p e r c e i v e r - w o r l d  d u a l i s m  

and m e d i a t e d  p e r c e p t i o n ,  D i r e c t  Th e o r y  h a s  c o n t r i b u t e d  t h e  c o n c e p t  of  

r e c i p r o c i t y .  H e r e ,  t h e  a c t i v i t i e s  o f  p e r c e i v i n g ,  a c t i n g ,  and knowing 

a r e  assumed t o  d i r e c t l y  c o r r e s p o n d  t o  t he  h i e r a r c h i c a l  s t r u c t u r e  of  

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

m e ch a n i s ms .  In a d d i t i o n ,  t h i s  a p p r oa c h  h a s  p e r s u a s i v e l y  a r g u e d  t h a t  

l a b o r a t o r y  i n v e s t i g a t i o n s  can  b e t t e r  r e f l e c t  r e a l  w o r l d  s i t u a t i o n s  by
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u s i n g  e x p e r i m e n t a l  s t i m u l i  and me t hodo l ogy  t h a t  a r e  r e l a t i v e  t o  the  

o r g a n i s m ' s  e v o l u t i o n a r y  h i s t o r y .  The Theory  o-f Rhythmic A t t e n d i n g  ha s  

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

d e s c r i p t i o n  of  t h e  e nv i ronmen t  in t e rm s  of  bo th  s p a t i a l  and t empora l  

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

A c c o r d i n g  t o  t h i s  v i ew,  an o r gan i s m p e r c e i v e s  and a t t e n d s  t o  

e n v i r o n m e n t a l  s t r u c t u r e  t h r ough  a p r o c e s s  of  s ync h r ony  which in t u r n  

a l l o w s  a p e r c e i v e r  t o  e x p e c t  and p r e p a r e  f o r  upcoming f u t u r e  e v e n t s .

A l t h o u g h  we c o n s i d e r e d  how t h e s e  v a r i o u s  a s s u m p t i o n s  may a p p l y  t o  

c o n t e m p o r a r y  t ime r e s e a r c h ,  t h e  f o l l o w i n g  c h a p t e r s  w i l l  b eg i n  t o  

d e v e l o p  t h e s e  i d e a s  i n t o  an a l t e r n a t i v e  model of  j u d g e d  d u r a t i o n .
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The r e m a i n i n g  c h a p t e r s  o-f t h i s  d i s s e r t a t i o n  w i l l  -focus on an 

a l t e r n a t i v e  a p pr oa c h  t o  j u d g e d  d u r a t i o n .  The p u r pos e  of the  p r e s e n t  

c h a p t e r  i s  t o  r e l a t e  t he  o r g a n i z a t i o n a l  f ramework f rom which t h i s  

model w i l l  be p r e s e n t e d .  The s p e c i f i c  i n t e n t  of  each c h a p t e r  w i l l  be 

d e s c r i b e d  a l o n g  w i t h  t he  g e n e r a l  m e t h o d o l o g i c a l  s t r a t e g y  t h a t  i s  used  

in s u b s e q u e n t  e x p e r i m e n t s .

S p e c i f i c  Goa l s

In t he  p r e c e d i n g  c h a p t e r s ,  I ' v e  s u g g e s t e d  t h a t  J o n e s '  Rhythmic 

A t t e n d i n g  Theo r y  p r o v i d e s  a new appr oac h  t o  the  s t u d y  of  j u d g e d  

d u r a t i o n .  The t e mpor a l  r e l a t i o n s h i p s  of  an e v e n t  a r e  p r es umabl y  

p i c k e d  up t h ro u gh  s y n c h r o n i z a t i o n  and a c t  as  t he  d i r e c t  r e f e r e n t  f o r  

d u r a t i o n  e s t i m a t e s .  From t h i s  v i ew,  i t  f o l l o w s  t h a t  the  rhy t hmi c  

s t r u c t u r e  o f  an e v e n t  s h o u l d  e x e r t  a ma jo r  e f f e c t  on j u d ge d  d u r a t i o n .  

The n e x t  c h a p t e r  ( C h a p t e r  6) w i l l  in f a c t  e v a l u a t e  t h i s  c l a i m  and 

c o n s i d e r  some d i f f e r e n t  ways  in which rhythm may e x e r t  an e f f e c t .  In 

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

t he  Rhythmic A t t e n d i n g  and c e r t a i n  i n f o r m a t i o n - p r o c e s s i n g  mode l s  of  

t i m e .  As we s h a l l  s e e ,  t he  r e s u l t s  of  t h e s e  s t u d i e s  w i l l  i l l u s t r a t e  

t he  p o t e n t i a l  u t i l i t y  of  J o n e s '  t h e o r y  and s u g g e s t  what  t he  p a r t i c u l a r  

r e f e r e n t  f o r  j u d g e d  d u r a t i o n  may be .
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Ch a p t e r  Seven b u i l d s  on t h i s  p r e l i m i n a r y  -framework and p r e s e n t s  

an E x pe c t a n c y  Model of  j u d g e d  d u r a t i o n .  In g e n e r a l ,  i t ' s  a r gu e d  t h a t  

p e r c e i v e r s  use  t he  m e l o d i c  and r h y t h mi c  s t r u c t u r e  of  an e v e n t  t o  

g e n e r a t e  an e x p e c t e d  e n d i n g .  Judged  d u r a t i o n  i s  t hen  d e t e r m i n e d  by 

w h e t h e r  t h i s  e v e n t / s  end c o n f i r m s  or  v i o l a t e s  the  p e r c e i v e r ' s  

e x p e c t a n c y .  C h a p t e r s  E i g h t  and Nine w i l l  e m p i r i c a l l y  i n v e s t i g a t e  

t h e s e  a s s u m p t i o n s  and c o n t r a s t  p r e d i c t i o n s  from bo th  t he  Expec t ancy  

and i n f o r m a t i o n - p r o c e s s i n g  mode l s  of  t i m e .  The p r i m a r y  goal  i s  to  

i d e n t i f y  t h o s e  s t r u c t u r a l  i n v a r i a n t s  t h a t  may s i g n a l  an e v e n t ' s  end 

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

L a s t l y ,  C h a p t e r  Ten w i l l  c o n s i d e r  some i m p l i c a t i o n s  of  the  Expec t ancy  

Model f o r  o t h e r  a r e a s  of  t ime r e s e a r c h .

The e x p e r i m e n t s  t h a t  have been c o n d u c t e d  w i t h i n  t h i s  d i s s e r t a t i o n  

have a l l  r e l i e d  upon a common m e t h o d o l o g i c a l  s t r a t e g y .  The f o l l o w i n g  

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

were u s e d .

Genera l  M e t h o d o l o o i c a l  S t r a t e g y  of  Conduc t ed  E x p e r i me n t s  

Exper  imenta l  S t  imuli

In c o n t r a s t  t o  the  a r t i f i c i a l  s t i m u l i  t h a t  a r e  f r e q u e n t l y  used  in 

c u r r e n t  t ime r e s e a r c h ,  a l l  e x p e r i m e n t s  w i t h i n  t h i s  d i s s e r t a t i o n  use  

m u s i c a l  m e l o d i e s .  Some of  t h e s e  m e l o d i e s  were  c o n s t r u c t e d  by m y s e l f  

( E x p e r i m e n t s  One and Two) ,  u s i n g  m u s i c a l  r u l e s  t h a t  r e a l i z e  c e r t a i n  

d i a t o n i c  r e l a t i o n s h i p s .  O t h e r s  were  composed by a c t u a l  m u s i c i a n s  

( E x p e r i m e n t s  T h r e e ,  F o u r ,  and F i v e ) .  The r e  a r e  s e v e r a l  r e a s o n s  why
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mus ic  o f f e r s  an i d e a l  medium f o r  s t u d y i n g  e v e n t  p e r c e p t i o n .  F i r s t ,  

mus i c  i s  a n a t u r a l  e v e n t  t h a t  we f r e q u e n t l y  e n c o u n t e r  in t he  

e n v i r o n m e n t .  More i m p o r t a n t l y ,  mus i c  c o n t a i n s  m u l t i p l e  l e v e l s  of  

s t r u c t u r e  t h a t  change  d u r i n g  an i n t e r v a l  marked by a p e r c e p t i b l e  

b e g i n n i n g  and end .  By s y s t e m a t i c a l l y  m a n i p u l a t i n g  t h e s e  l e v e l s  of  

c h a n g e ,  we can examine how an e v e n t ' s  s t r u c t u r e  may d i r e c t l y  a f f e c t  

p e r c e i v e d  d u r a t i o n .

E x pe r i me n t a l  T a s k s

W i t h i n  each e x p e r i m e n t ,  m e l o d i e s  were  p r e s e n t e d  t o  s u b j e c t s  in 

t h r e e  d i f f e r e n t  t a s k s .  These  t a s k s  i n vo l v e d  a)  p e r c e p t u a l  r a t i n g s  b) 

j u d g e d  d u r a t i o n  and c )  r e c o g n i t i o n  memory.  In t he  f i r s t ,  an 

i n d e p e n d en t  group of  s u b j e c t s  was a s ke d  t o  r a t e  m e l o d i e s  f o r  t h o s e  

s t r u c t u r a l  q u a l i t i e s  t h a t  were m a n i p u l a t e d .  For example ,  the  f i r s t  two 

e x p e r i m e n t s  m a n i p u l a t e d  a m e l o d y ' s  m e l o d i c  and t empora l  a c c e n t  

s t r u c t u r e .  S u b j e c t s  were  t h e r e f o r e  a s ke d  t o  r a t e  m e l o d i e s  f o r  t h e i r  

d e g r e e  of  p r e d i c t a b i l i t y  ( s i m p l i c i t y ) ,  harmony ( m u s i c a l i t y ) , and how 

we l l  t h e y  r e p r e s e n t e d  t he  c a t e g o r y  of  mus i c  ( g o o d n e s s ) .  In l a t e r  

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

were  s u g g e s t e d  t o  s p e c i f y  a m e l o d y ' s  end .  E x p e r i me n t s  3 and 4,  f o r  

e xampl e ,  v a r i e d  p r o p e r t i e s  of  t he  f i n a l  n o t e  and s o  s u b j e c t s  were 

a s ked  t o  r a t e  t h e s e  m e l o d i e s  f o r  t h e i r  de g r ee  of  r e s o l u t i o n  -  wh e t h e r  

a melody seemed c o mpl e t e  or  i n c o m p l e t e .  L a s t l y ,  Expe r i men t  5 v a r i e d  a 

m e l o d y ' s  a c c e n t  t i m i n g  and t he  harmony of  a c c e n t s .  Thus  s u b j e c t s  were 

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

o f  harmony and t i m i n g .
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In a l l  e x p e r i m e n t s ,  t he  i n i t i a l  r a t i n g  t a s k  s e r v e d  two p u r p o s e s .  

F i r s t ,  i t  a s s e s s e d  t he  e f f e c t i v e n e s s  o-f r e l e v a n t  e x p e r i m e n t a l  

m a n i p u l a t i o n s .  Were t he  m e l o d i e s  de-f ined a s  p r e d i c t a b l e ,  r e s o l v e d ,  

h a r m o n i c a l l y  a p p r o p r i a t e ,  e t c .  a c t u a l l y  p e r c e i v e d  a s  such by a random 

sample  o-f l i s t e n e r s ?  Second ,  the  r a t i n g  t a s k  p r o v i d e d  an index of  

“c o m p l e x i t y "  f o r  each  melody t h a t  r e f e r r e d  t o  i t s  s t r u c t u r a l  

q u a l i t i e s .  S i n c e  t h e s e  m e l o d i e s  were  l a t e r  used  in a j u d g e d  d u r a t i o n  

t a s k ,  I c o u l d  d e t e r m i n e  w h e t h e r  d i f f e r e n c e s  in t he  p e r c e p t u a l  

c o m p l e x i t y  of  m e l o d i e s  were r e l a t e d  t o  d i f f e r e n c e s  in j u d g e d  d u r a t i o n .

Once m e l o d i e s  had been r a t e d  f o r  t h e i r  r e s p e c t i v e  p r o p e r t i e s ,  t hey

were  t h e n  p r e s e n t e d  t o  a d i f f e r e n t  group of  s u b j e c t s  f o r  d u r a t i o n  

j u d g m e n t s .  The p a r t i c u l a r  method t h a t  I used  t h r o u g h o u t  was the 

c o m p a r a t i v e  j udgment  t a s k .  Here a s u b j e c t  was p r e s e n t e d  w i t h  p a i r s  of  

m e l o d i e s  and a s ked  t o  j udge  w h e t h e r  t he  s econd  melody of  a p a i r  was 

l o n g e r  o r  s h o r t e r  t ha n  t he  f i r s t .  Al t hough  bo th  m e l o d i e s  of  a p a i r  

a l ways  c o n t a i n e d  t he  same p h y s i c a l  d u r a t i o n ,  t h i s  method a l l o we d  me to  

d e t e r m i n e  w h e t h e r  s t r u c t u r a l  d i f f e r e n c e s  between m e l o d i e s  c r e a t e d  over  

o r  u n d e r e s t i m a t i o n  of  d u r a t i o n .

S i n c e  t he  p u r p o s e  of  t h i s  d i s s e r t a t i o n  i s  t o  i n v e s t i g a t e  

p e r c e i v e d  d u r a t i o n ,  t he  c o m p a r a t i v e  j udgment  t a s k  was p r e s e n t e d  w i t h i n  

a “ p r o s p e c t i v e "  c o n t e x t .  S u b j e c t s  were  a l ways  i n s t r u c t e d  in advance 

t h a t  r e l a t i v e  d u r a t i o n  j udgme n t s  would  be r e q u i r e d .  T h i s  c o n t r a s t s

w i t h  t h e  r e t r o s p e c t i v e  t e c h n i q u e  where  s u b j e c t s  p e r fo r m an i n i t i a l

t a s k  u n r e l a t e d  t o  d u r a t i o n  and a r e  l a t e r  a s ked  f o r  d u r a t i o n  j u d g me n t s .  

T h i s  l a t t e r  t e c h n i q u e  i s  used  t o  s t u d y  the  remember i no o f  d u r a t i o n  -
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an i s s u e  t h a t  w i l l  n o t  be i n v e s t i g a t e d  h e r e .

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

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

such  a s  c o u n t i n g  and t a p p i n g  in t h e  e s t i m a t e s  of  r e l a t i v e  d u r a t i o n .

In an a t t e m p t  t o  d i s c o u r a g e  t h e s e  s o r t s  of  s t r a t e g i e s ,  a l l  s u b j e c t s  

we re  t o l d  t o  c a r e f u l l y  a t t e n d  t o  t he  n o t e s  of  a l l  p a t t e r n s  b e c a u s e  a 

r e c o g n i t i o n  memory t a s k  would  l a t e r  be r e q u i r e d .  On t h e  f o l l o w i n g  

d a y ,  s u b j e c t s  ( o f  E x p e r i m e n t s  1,  2 ,  and 3) d i d  in f a c t  r e t u r n  and were 

a s k e d  t o  d i s t i n g u i s h  among t h e  OLD p a t t e r n s  o f  t h e  p r e v i o u s  day and a 

s e t  o f  NEW d i s t r a c t o r  i t e m s .

A l t h o u g h  t h e  p r i m a r y  p u r p o s e  of  t h i s  memory t a s k  was t o  e n c o u r a g e  

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

d e s i g n e d  f o r  a s e co nd  p u r p o s e .  P r e v i o u s  r e s e a r c h  by Goodman (1980)  

and  Dowl ing ( 1978)  h a s  f o u nd  t h a t  i t ems  more t y p i c a l  of  a c a t e g o r y  

( p r o t o t y p e s )  a r e  b e t t e r  r e c a l l e d  b u t  more p o o r l y  r e c o g n i z e d  tha n  i t ems  

t h a t  a r e  l e s s  t y p i c a l  ( n o n p r o t o t y p e s ) .  P r e s u m a b l y ,  p r o t o t y p e s  a r e  

r e p r e s e n t e d  in a common c o g n i t i v e  schema where  members  a r e  p o o r l y  

d i f f e r e n t i a t e d  f rom one a n o t h e r .  T h i s  schema p r o v i d e s  s u p e r i o r  r e c a l l  

b u t  poor  r e c o g n i t i o n .  N o n p r o t o t y p e s ,  on t h e  o t h e r  hand ,  a r e  assumed 

t o  be s t o r e d  in a more i s o l a t e d  and d i f f e r e n t i a t e d  r e p r e s e n t a t i o n .

T h i s  p r o m o t e s  s u p e r i o r  r e c o g n i t i o n  b u t  poor  r e c a l l .  I f  t h i s  c l a i m  i s  

v a l i d ,  t h e n  s i m i l a r  r e s u l t s  s h o u l d  be o b t a i n e d  h e r e .  T h a t  i s ,  t he  

p e r c e p t u a l  r a t i n g  d a t a  e s s e n t i a l l y  i n d i c a t e s  how w e l l  each  melody 

r e p r e s e n t s  t h e  c a t e g o r y  of  m u s i c .  These  more " p r o t o t y p i c a l "  m e l o d i e s  

s h o u l d  t h e r e f o r e  be more p o o r l y  r e c o g n i z e d  t ha n  more n o n p r o t o t y p i c a l
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m e l o d i e s .

When the  r e c o g n i t i o n  memory d a t a  Mas a n a l y z e d ,  however ,  r e s u l t s  

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

m e a s u r e s  of  memory < i e .  p e r c e n t  c o r r e c t  and Ag) and d i d  n o t  p r o v i d e  

any c o n s i s t e n t  and c o m p r e h e n s i b l e  i n t e p r e t a t i o n .  These  a n om a l i e s  

p r o b a b l y  a r o s e  f rom t he  n a t u r e  of  memory d i s t r a c t o r s  and do no t  

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

t h i s  memory d a t a  w i l l  no t  be d i s c u s s e d  w i t h i n  t he  t e x t  of  the  

d i s s e r t a t i o n .  I n s t e a d ,  r e s u l t s  f rom each e x pe r i m e n t  ( i e .  Ex p e r i me n t s  

1,  2 ,  3) a r e  p r e s e n t e d  in Appendix  B.

Ch a p t e r  Summary

The p u r p o s e  of  t he  p r e s e n t  c h a p t e r  was t o  r e l a t e  t he  o v e r a l l  

o r g a n i z a t i o n a l  f o r m a t  of  r e m a i n i n g  c h a p t e r s .  An a l t e r n a t i v e  model of  

j u d ge d  d u r a t i o n  w i l l  be p r e s e n t e d  t h a t  e m p h as i z e s  t he  impact  of  

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

t h a t  w i l l  t e s t  t h i s  model  were  t hen  b r o a d l y  o u t l i n e d .  The p a r t i c u l a r  

goal  of  each s t u d y  was d e s c r i b e d  a l o n g  w i t h  the  s o r t s  o f  e x p e r i m e n t a l  

s t i m u l i  and t a s k s  t h a t  a r e  u s e d .
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In p r e v i o u s  c h a p t e r s ,  we s u g g e s t e d  t h a t  some o f  t he  p r ob l e m s  

a s s o c i a t e d  w i t h  c u r r e n t  t ime r e s e a r c h  may be a d d r e s s e d  by a d o p t i n g  an 

a l t e r n a t i v e  t h e o r e t i c a l  a p p r o a c h  t o  p e r c e p t i o n .  J o n e s '  Rhythmic 

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

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

i s  h i e r a r c h i c a l l y  o r g a n i z e d  and r h y t h m i c a l  in n a t u r e .  F u r t h e r ,  an 

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

s y n c h r o n y  where  r h y t h m s  w i t h i n  t he  o r g a n i s m  and e n v i r o n m e n t  become 

i n t e r l o c k e d .  The p r e s e n t  c h a p t e r  p u r s u e s  t h e  v a r i o u s  ways  in which  an 

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

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

t h r o u g h  a s e r i e s  o f  two e x p e r i m e n t s ,  we can t he n  d e t e r m i n e  w h e t h e r  

r hy t hm r e a l l y  d o e s  have  an i n f l u e n c e  upon j u d g e d  d u r a t i o n  a s  J o n e s '  

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

a l t e r n a t i v e  model  o f  j u d g e d  d u r a t i o n .

Rhythmic A t t e n d i n g  and J udoed  D u r a t i o n

A p r i m a r y  a s s u m p t i o n  of  Rhythmic A t t e n d i n g  Th e o ry  i s  t h a t  n a t u r a l  

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

change  d u r i n g  some t i me  i n t e r v a l .  One s t r u c t u r a l  l e v e l  t h a t  i s

80
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i n t r i n s i c  t o  a l l  e v e n t s ,  b u t  which ha s  been i gn o r ed  by both  

I n f o r m a t i o n - P r o c e s s i n g  and D i r e c t  T h e o r y ,  i s  t he  e v e n t ' s  o r g a n i z a t i o n  

o-f t e mpora l  p e r i o d i c i t i e s  or  r hy t hm.  Rhythm, a c c o r d i n g  t o  J o n e s ,  ha s  

p r i m a r y  s i g n  i f  i c a nc e  -for a p e r c e i v i n g  o rgan i s m b e c a u s e  a p r e d i c t a b l e  

p a t t e r n  o-f t empora l  a c c e n t s  i nduc es  a p r o c e s s  o-f s y n c h r o n i z a t i o n .  

Through s y n c h r o n i z a t i o n ,  a t t e n d i n g  i s  g u i d e d  t h r o u g h o u t  e v e n t  

s t r u c t u r e  and t h u s  a l l o w s  p e r c e p t u a l  p i c k u p .

Al t h o u g h  J o n e s '  t h e o r y  was o r i g i n a l l y  p r op os ed  a s  a g e n e r a l  

t h e o r y  o-f p e r c e i v i n g  and knowing,  t he  a s s u m p t i o n s  t h a t  we ' ve  j u s t  

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

S p e c i f i c a l l y ,  r e l a t i v e  t ime i s  assumed t o  be an i n h e r e n t  s t r u c t u r e  of  

w o r l d  e v e n t s .  Whenever  an o r ga n i s m a t t e n d s  t o  and p e r c e i v e s  an e v e n t ,  

she i s  by n e c e s s i t y  u s i n g  and p e r c e i v i n g  i t s  i n h e r e n t  t empora l  

s t r u c t u r e .  In c o n t r a s t  t o  t he  i n f o r m a t i o n - p r o c e s s i n g  m o d e l s , d u r a t i o n  

j ud g m e n t s  do n o t  r e q u i r e  an e x t r a  p r o c e s s i n g  s t a g e  where  d u r a t i o n  i s  

i n f e r r e d  f rom a me n t a l  c o n c a t e n a t i o n  of  d i s c r e t e  moments .  Nor does  

t ime p l a y  a dua l  r o l e ,  a c t i n g  a s  an a c t u a l  i n t e r v a l  of  d u r a t i o n  and an 

i n t e r v a l  d u r i n g  which p r o c e s s i n g  t ime o c c u r s .  I n s t e a d ,  t he  p r e s e n t  

view as sumes  t h a t  t he  p e r c e p t i o n  of  d u r a t i o n  i s  c o n c o m i t a n t  t o  the 

p e r c e p t i o n  of  dynamic e v e n t s  and t h a t  i t s  r h y t h m i c a l  p i c kup  m i r r o r s  

t he  r h y t h m i c a l  n a t u r e  o f  t he  e n v i r o n m e n t .  T h i s  approac h  then  i s  

p o t e n t i a l l y  more p a r s i m o n i o u s  t ha n  c u r r e n t  mode l s  of  j u d g e d  d u r a t i o n .

To d e t e r m i n e  t h e  r e l a t i v e  u t i l i t y  of  t he  Rhythmic A t t e n d i n g  View,  

however ,  we need t o  i n v e s t i g a t e  w h e t h e r  p e r c e i v e r s  a r e  in f a c t
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s e n s i t i v e  t o  t h e  r h y t h m i c  s t r u c t u r e  o f  e v e n t s .  More i m p o r t a n t l y ,  we 

need  t o  e x p e r i m e n t a l l y  c o n t r a s t  t he  r o l e  of  r hy t hm a s  e n v i s i o n e d  by 

b o t h  t h e  Rhythmic  A t t e n d i n g  and I n f o r m a t i o n - P r o c e s s i n g  T h e o r i e s .

L e t ' s  c o n s i d e r  how t h e  r h y t h m i c  s t r u c t u r e  of  e v e n t s  may v a r y  and some 

a l t e r n a t i v e  ways  o f  c o n c e p t u a l i z i n g  t he  e f f e c t  of  rhy thm upon j u d ge d  

d u r a t  i o n .

How Might  Rhythmic  S t r u c t u r e  A f f e c t  J udoe d  D u r a t i o n ?

A c c o r d i n g  t o  Rhythmic  A t t e n d i n g  T h e o r y ,  p e r c e p t u a l  p i c k u p  i s  

d e t e r m i n e d  by t h e  a r r a n g e m e n t  o f  a c c e n t s  w i t h i n  an e v e n t .  A c c e n t s  

a r i s e  f rom c h a n g e s  in a s t r u c t u r a l  l e v e l  and in t he  c a s e  o f  a me l ody ,  

may be m e l o d i c  o r  t e mpor a l  in n a t u r e .  S y n c h r o n i z a t i o n  and t h e  p i c k u p  

o f  t e mp or a l  s t r u c t u r e  i s  f a c i l i t a t e d  when t e mpor a l  a c c e n t s  r e c u r  in a 

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

r e l a t i o n s h i p  t o  t e mp o r a l  a c c e n t s ,  t h e n  a p e r c e i v e r  i s  a l s o  a b l e  t o  

a n t i c i p a t e  t h e  m e l o d y ' s  f u t u r e  n o t e s ,  For  ex a mp l e ,  l e t ' s  examine t he  

s t r u c t u r e  o f  t h e  f o l l o w i n g  me lody  where  a SOA ( s t i m u l u s  o n s e t  

a s y n c h r o n y )  v a l u e  ( i n  ms) h a s  been a s s i g n e d  t o  each  t o n e :

Melody w i t h  C o m p a t i b l e  Rhythm

300 300 500 300 300 500 300 300 500 300 300 300
C4 D4 E4 G4 A4 B4 C5 B4 A4 E4 D4 C4
tm tm tm tm

T h i s  p a r t i c u l a r  me l ody  i s  g e n e r a t e d  f rom a s e t  of  m u s i c a l  r u l e s  

t h a t  have  t r a n s f o r m e d  one p e r i o d i c i t y  o f  p i t c h  ( e g .  C4 D4 E4) i n t o  

a n o t h e r  ( e g .  G4 A4 B 4 ) . A new r u l e  h a s  been a p p l i e d  a f t e r  e v e r y  t h r e e  

t o n e s  t o  c r e a t e  an i s o c h r o n o u s  p a t t e r n  o f  m e l o d i c  a c c e n t s  ( m ) . N o t i c e  

t h a t  t h i s  me l ody  a l s o  c o n t a i n s  an i s o c h r o n o u s  p a t t e r n  o f  t empora l
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a c c e n t s  < t )  t h a t  c o - o c c u r  w i t h  m e l o d i c  o n e s .  The s e  t e mpor a l  a c c e n t s  

a r i s e  -from t h e  s t r u c t u r e  o f  a "Four  Bea t "  rhy thm which  h a s  i n s e r t e d  a 

paus e  a f t e r  e v e r y  t h i r d  t o n e .  Each p a u s e  a c t s  a s  an i m p l i e d  b e a t  f o r  

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

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

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

me l o d y .  A p e r c e i v e r  i s  a b l e  t o  a n t i c i p a t e  no t  o n l y  "when" f u t u r e  

n o t e s  w i l l  o c c u r  b u t  a l s o  "what"  n o t e s  t h e y  w i l l  be .

Next  c o n s i d e r  t h e  c o n s e q u e n c e s  o f  a "F i ve  Bea t "  rhy thm imposed on 

t h e  same s e q u e n c e  of  t o n a l  r e l a t i o n s h i p s .  The t o t a l  d u r a t i o n  o f  t h i s  

me lody i s  t h e  same a s  b e f o r e  b u t  t he  SOA v a l u e  f o r  t o n e s  i s  a s  

f o l 1ows:

Melody w i t h  I n c o m p a t i b l e  Rhythm

300 300 300 600 300 300 300 600 300 300 300 300
C4 D4 E4 64 A4 B4 C5 B4 A4 E4 D4 C4
tm m t  m t  m

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

a s  a r e s u l t  o f  m u s i c a l  r u l e  t r a n s f o r m a t i o n s .  H e r e ,  h owe ve r ,  a F ive  

Bea t  r hy t hm h a s  i n s e r t e d  a p a u s e ,  o r  i mp l i e d  b e a t ,  a f t e r  e v e r y  f o u r t h  

t o n e .  The p a t t e r n  o f  t e mpor a l  b e a t s  i s  an i s o c h r o n o u s  one bu t  

t e mp o r a l  a c c e n t s  do n o t  c o - o c c u r  w i t h  m e l o d i c  o n e s .  J o n e s  ha s  

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

be more d i f f i c u l t  t o  a t t e n d  t o .  Tempora l  a c c e n t s  do n o t  g u i de  

a t t e n d i n g  t o  t h e  p o i n t s  o f  p i t c h  r u l e  change  <m a c c e n t s )  b e c a u s e  Cm) 

and  < t )  a c c e n t s  a r e  n o t  s y s t e m a t i c a l l y  i n t e r r e l a t e d .  Thus  a p e r c e i v e r  

c a n n o t  r e l i a b l y  p r e d i c t  t h e  what  and when of  f u t u r e  n o t e s .
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Suppose t h a t  we now ask s u b j e c t s  t o  compare t he  r e l a t i v e  d u r a t i o n  

o-f t h e s e  two m e l o d i e s .  A l t h ou g h  b o t h  c o n t a i n  t h e  same s e q u e n c e  of  

t o n e s  and t h e  same t o t a l  d u r a t i o n ,  t he  r h y t h m i c  s t r u c t u r e  o f  one i s  

c o m p a t i b l e  w i t h  m e l o d i c  a c c e n t s  w h i l e  t h e  o t h e r  i s  n o t .  Wi l l  t he  two 

m e l o d i e s  seem t o  have t he  same d u r a t i o n  or  w i l l  one seem l o n g e r  or 

s h o r t e r  t han  t h e  o t h e r ?  I f  d i f f e r e n c e s  in j u d g e d  d u r a t i o n  do o c c u r ,  

why i s  t h i s  s o?

The Rhythmic  A t t e n d i n g  Th e o r y  g e n e r a t e s  two a l t e r n a t i v e  

p o s s i b i l i t i e s ,  t h e  M i s s i n g  Be a t  H y p o t h e s i s  and t h e  Average  Ac c e n t  

H y p o t h e s i s .  Each h y p o t h e s i s  a s s umes  t h a t  j u d g e d  d u r a t i o n  i s  

d e t e r m i n e d  by t h e  s t r u c t u r e  of  t empora l  p e r i o d i c i t i e s  w i t h i n  t he  

e v e n t .  Thes e  two a l t e r n a t i v e s  w i l l  d i f f e r ,  howeve r ,  in t e r m s  of  t he  

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

of  t h e s e  two h y p o t h e s e s  w i l l  c o n t r a s t  w i t h  t h o s e  g e n e r a t i n g  f rom t he  

i n f o r m a t i o n - p r o c e s s i n g  mo de l s  of  j u d g e d  d u r a t i o n .  These  m o d e l s  i gnor e  

t h e  p o s s i b i l i t y  t h a t  p e r c e i v e r s  may use  t h e  r h y t h m i c  s t r u c t u r e  of  an 

e v e n t  f o r  d u r a t i o n  j u d g m e n t s  -  i n s t e a d  t h e y  f o c u s  on t h e  amount  of  

i n f o r m a t i o n - p r o c e s s i n g  t h a t  i s  r e q u i r e d  by an e v e n t .  L e t ' s  c o n s i d e r  

each  of  t h e s e  t h r e e  a l t e r n a t i v e  v i e ws  in t u r n .

The M i s s i n g  Bea t  H y p o t h e s i s

A c r i t i c a l  a s s u m p t i o n  w i t h i n  Rhythmic A t t e n d i n g  T h eo r y  i s  t h a t  

p e r c e p t u a l  p i c k u p  i n v o l v e s  an a c t  of  s y n c h r o n i z a t i o n .  S i nc e  

s y n c h r o n i z a t i o n  i n v o l v e s  an i n t e r l o c k i n g  o f  t e mpor a l  p e r i o d i c i t i e s ,  

t he  r h y t h m i c  b e a t s  w i t h i n  t h e  e n v i r o n m e n t a l  e v e n t  w i l l  be p r e s um a b l y  

m i r r o r e d  w i t h i n  t h e  o r g a n i s m .  Whi le  l i s t e n i n g  t o  a me l o d y ,  f o r
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e xampl e ,  a s e r i e s  o-F i n t e r n a l  p u l s e s  w i l l  be e s t a b l i s h e d  by the  

m e l o d y ' s  rhythm and w i l l  c o r r e s p o n d  t o  t h o s e  b e a t s  t h a t  a r i s e  -from 

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

e x t e n t  t o  which t h e s e  i n t e r n a l  p u l s e s  w i l l  be e s t a b l i s h e d  depend upon 

the  p r e d i c t a b i l i t y  of  t h e  m e l o d y ' s  rhy thm.  The r e l a t i v e  o c c u r r e n c e  of  

me l o d i c  a c c e n t s ,  t hough i m p o r t a n t  -for p i c kup  of  me l o d i c  i n f o r m a t i o n ,  

a r e  i r r e l e v a n t .  I n t e r n a l  t empora l  b e a t s  a r e  g e n e r a t e d  f rom a rhythm 

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

g u i d e  a t t e n d i n g  t oward  t he  p i c kup  of  m e l o d i c  i n f o r m a t i o n  i s  a 

s e c o n d a r y  i s s u e .

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

may base  he r  c o m p a r a t i v e  d u r a t i o n  e s t i m a t e  on t he  r e l a t i v e  number of  

b e a t s  w i t h i n  each me l ody .  T h a t  i s ,  t he  number of  b e a t s  w i t h i n  an 

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

I f  a l a t e r  melody c o n t a i n s  a f ewer  number of  b e a t s ,  i t  may appea r  t o  

end t oo  e a r l y  and t h u s  seem s h o r t e r  in r e l a t i v e  d u r a t i o n .  C o n v e r s e l y ,  

a melody w i t h  a g r e a t e r  number o f  b e a t s  may seem l o n g e r  be c a use  i t  

a p p e a r s  t o  end r e l a t i v e l y  l a t e .  Judgment s  of  e q u i v a l e n t  d u r a t i o n  

s h o u l d  be o b s e r v e d  whenever  two m e l o d i e s  c o n t a i n  the  same number of  

r hy t h mi c  b e a t s .  L e t ' s  now c o n s i d e r  t he  r e l a t i v e  d u r a t i o n  judgment  of  

t he  two m e l o d i e s  d e p i c t e d  e a r l i e r .  The melody w i t h  t he  c o m p a t i b l e  

Four  Beat  rhythm c o n t a i n s  12 a c t u a l  t o n e s  p l u s  3 " m i s s i n g"  t o n e s  

i mp l i e d  by r h y t h m i c  p a u s e s .  I t  t h e r e f o r e  c o n t a i n s  a t o t a l  of  15 

r h y t h m i c  b e a t s .  Next  examine t he  melody c o n t a i n i n g  t he  i n c o m p a t i b l e  

F i ve  Beat  r hy t hm.  I t s  b e a t  p e r i o d  of  300 ms.  i s  t he  same a s  the
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p r e v i o u s  m e l o d y ' s ,  b u t  i t s  i s o c h r o n o u s  p a t t e r n  o-f t empora l  a c c e n t s  has  

c r e a t e d  a t o t a l  o-f 14 r h y t h m i c  b e a t s  -  12 a r i s i n g  -from a c t u a l  t o n e s  

and 2 -from m i s s i n g  t o n e s .  A l t h o u g h  t h e  d u r a t i o n  o-f bo t h  m e l o d i e s  i s  

e q u i v a l e n t ,  t he  s econd  s h o u l d  be j u d g e d  s h o r t e r  t han  t he  - f i r s t  b e ca use  

i t  c o n t a i n s  a -fewer number o-f e x p e c t e d  b e a t s .

A c c o r d i n g  t o  t h i s  h y p o t h e s i s ,  t h e n ,  j u d g e d  d u r a t i o n  depends  on 

the  r e l a t i v e  number o-f b e a t s  e s t a b l i s h e d  by a m e l o d y ' s  r hy t hm.  These 

i n t e r n a l  b e a t s  a r e  i nduced  by a rhythm c o n t a i n i n g  r e g u l a r l y  r e c u r r e n t  

a c c e n t s  and i s  una-f-fected by t he  a r r an g e m e n t  o f  m e l o d i c  a c c e n t s .  In 

c o n t r a s t ,  t h e  n e x t  h y p o t h e s i s  a s sumes  t h a t  m e l o d i c  a c c e n t s  do p l a y  an 

i m p o r t a n t  r o l e  in j u d g e d  d u r a t i o n .

The Ave rage  Accen t  H y p o t h e s i s

Li ke  t he  p r e v i o u s  h y u p o t h e s i s ,  t h i s  view assumes  t h a t  t he  

t empora l  s t r u c t u r e  o-f an e v e n t  g u i d e s  a t t e n d i n g  and i s  c o r r e s p o n d i n g l y  

m i r r o r e d  w i t h i n  a p e r c e i v i n g  o r g a n i s m .  In c o n t r a s t ,  however ,  i t  

a s sumes  t h a t  a p e r c e i v e r  u s e s  b o t h  m e l o d i c  and t empora l  a c c e n t s  in 

j u d g i n g  r e l a t i v e  d u r a t i o n .  T h a t  i s ,  a c c e n t s  p r es umab l y  c a p t u r e  our  

a t t e n t i o n  b e ca use  t h e y  mark the  b e g i n n i n g  o-f any change in the  

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

A c c o r d i n g  t o  t h i s  v i ew,  a p e r c e i v e r  w i l l  a v e r ag e  the  d u r a t i o n s  o-f t he  

v a r i o u s  a c c e n t  p e r i o d s  w i t h i n  an i n i t i a l  melody and use t h i s  a v e r a g e  

a s  an e x p e c t e d  r e f e r e n t  f o r  r e l a t i v e  d u r a t i o n  e s t i m a t e s .  I f  a s econd  

melody c o n t a i n s  a l a r g e r  mean v a l u e ,  i t  w i l l  seem r e l a t i v e l y  l o n g e r .

A melody w i t h  a s m a l l e r  mean v a l u e  w i l l  seem r e l a t i v e l y  s h o r t e r .  T h i s  

h y p o t h e s i s  t h e r e f o r e  p r e d i c t s  t h a t  a melody w i t h  an i n c o m p a t i b l e
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r hy t hm w i l l  be j u d g e d  s h o r t e r  t h a n  one w i t h  a c o m p a t i b l e  r hy thm 

y i e l d i n g  c o - o c c u r r i n g  a c c e n t s .  A melody c o n t a i n i n g  c o - o c c u r r i n g  

t e mp o r a l  and m e l o d i c  a c c e n t s  w i l l  have b o t h  -fewer and l o n g e r  t ime 

p e r i o d s  be t ween  a c c e n t s .  I t s  a v e r a g e  v a l u e  w i l l  t h u s  be l a r g e r  t ha n  

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

For  e x a m p l e ,  c o n s i d e r  t he  me lody  shown be low where  t h e  t empora l  

a c c e n t s  < t )  o-f t h e  Four  Bea t  rhy thm c o - o c c u r  w i t h  t h e  p a t t e r n  o f  

m e l o d i c  a c c e n t s  <m) . He r e ,  ( tm)  ma rks  t he  a c c e n t  p e r i o d s  of  1100 ms:

1100 ms 1100 ms 1100 ms
tm tm tm tm
300 300 500 300 300 500 300 300 500 300 300 300
C4 D4 E4 G4 A4 B4 C5 B4 A4 E4 D4 C4

To c a l c u l a t e  t he  mean d u r a t i o n  v a l u e  (TE) of  t h i s  m e l o d y ,  we sum t he

t i me  p e r i o d s  be t ween  a c c e n t s ,  T a ,  ( b o t h  m e l o d i c  and t empora l  a c c e n t s )

and the n  d i v i d e  by t h e  number o f  p e r i o d s :  TE = 3 ( 1 1 0 0 > / 3 .  In t h i s

c a s e ,  TE i s  s i m p l y  1100 ms.

Next  c o n s i d e r  t h i s  same me lody w i t h  t h e  t e mpor a l  a c c e n t s  of  t he  

i n c o m p a t i b l e  F i v e  Be a t  r h y th m.  Here more a c c e n t  p e r i o d s  o c c u r :

900 ms £00 ms 600 ms 900 ms 300 ms
tm m t  m t  m
300 300 300 600 300 300 300 600 300 300 300 300
C4 D4 E4 G4 A4 B4 C5 B4 A4 E4 D4 C4

The a v e r a g e  a c c e n t  p e r i o d ,  TE = 900+600+600+900+300/5  -  3 3 0 0 /5  = 660

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

In summary,  t h e  M i s s i n g  Bea t  and Average  A c c e n t  P e r i o d  H y p o t h e s es  

b o t h  assume t h a t  a p e r c e i v e r  u s e s  t he  t e mpor a l  s t r u c t u r e  o f  an 

u n f o l d i n g  m e l o dy .  The two m o d e l s  d i f f e r ,  howe ve r ,  in t e r ms  of  what  

p a r t i c u l a r  k i n d  of  i n f o r m a t i o n  i s  u sed  f o r  d u r a t i o n  j u d g m e n t s .  The
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M i s s i n g  Be a t  H y p o t h e s i s  a s s umes  t h a t  p e r c e i v e r s  use  t he  t o t a l  number 

o-f b e a t s  t h a t  i s  y i e l d e d  by a m e l o d y ' s  r h y t h m .  Whi le  i t  i s  i m p o r t a n t  

t h a t  t e mpor a l  a c c e n t s  r e c u r  in an i s o c h r o n o u s  ma nne r ,  t h e  c o m p a t i b l i t y  

o-f m e l o d i c  and t e mp o r a l  a c c e n t s  i s  i r r e l e v a n t .  The Ave rage  Accen t  

P e r i o d  H y p o t h e s i s ,  on t he  o t h e r  hand ,  a s s u me s  t h a t  p e r c e i v e r s  use  t he  

t i me  s p a n s  ma rke d  by b o t h  m e l o d i c  and t empora l  a c c e n t s  t o  d e r i v e  an 

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

me lody  c o n t a i n i n g  t h e  i n c o m p a t i b l e  F i ve  Bea t  r hy t hm w i l l  be j u d g e d  

s h o r t e r  t h a n  t h e  me l ody  c o n t a i n i n g  t h e  c o m p a t i b l e  Four  Be a t  r h y t h m .

A l t h o u g h  t h e s e  two h y p o t h e s e s  may seem m e d i a t i o n a l  in n a t u r e ,  

t h e y  do d i s t i n c t l y  di-f-fer -from t h e  i n f o r m a t i o n - p r o c e s s i n g  mo de l s  o-f 

j u d g e d  d u r a t i o n .  Both t he  M i s s i n g  Beat  and Average  A c c e n t  P e r i o d  

H y p o t h e s e s  assume t h a t  t h e  p i c k u p  o-f d u r a t i o n  and t empora l  s t r u c t u r e  

i s  i n t r i n s i c  t o  t h e  p e r c e p t u a l  p i c k u p  o-f any e v e n t .  D u r a t i o n  i s  n o t  

c o n s t r u c t e d  -from a s e r i e s  o-f d i s c r e t e  moments  b u t  r a t h e r  i s  m i r r o r e d  

w i t h i n  t h e  o r g a n i s m  a s  t h e  e v e n t  un- fo lds  w i t h i n  t h e  e n v i r o n m e n t .  

S i m i l a r l y ,  t h e  r e - f e r e n t  -for j u d g e d  d u r a t i o n  i s  n o t  a m e n t a l  code which  

r e - f l e c t s  t h e  amount  o f  p r o c e s s i n g  t ime -for an e v e n t .  I n s t e a d ,  t h e  two 

h y p o t h e s e s  t h a t  w e ' v e  j u s t  d i s c u s s e d  b o t h  assume t h a t  t h e  r e - f e r e n t  i s  

t h e  t e mpor a l  s t r u c t u r e  o-f t he  e n v i r o n m e n t a l  e v e n t  i t s e l - f .  They s im p l y  

di-f-fer in t e r m s  o-f what  p a r t i c u l a r  a s p e c t  o-f t h i s  t e mpor a l  s t r u c t u r e  

i s  u s e d  a s  t h e  r e - f e r e n t  -for d u r a t i o n  j u d g m e n t s .

To more - fu l l y  a p p r e c i a t e  t h e  d i s t i n c t i o n  be t ween  mo d e l s  

g e n e r a t i n g  -from t h e  Rhythmic A t t e n d i n g  and I n - f o r m a t i o n - P r o c e s s i n g  

A p p r o a c h e s ,  t h e  n e x t  s e c t i o n  w i l l  i l l u s t r a t e  how t h i s  l a t t e r  view
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c o n c e i v e s  t h e  e f f e c t  o-f rhy thm upon j u d g e d  d u r a t i o n .  As we s h a l l  s e e ,  

i t s  p r e d i c t i o n s  a r e  in d i r e c t  c o n t r a s t  t o  t h o s e  ad v a n c e d  by t he  

l i i s s i n g  Be a t  and Ave r age  Ac c e n t  P e r i o d  H y p o t h e s e s .  

I n f o r m a t i o n - P r o c e s s i n g  Model s  o-f J ud o e d  D u r a t i o n

I n - f o r m a t i o n - p r o c e s s i n g  mo d e l s  o-f j u d g e d  d u r a t i o n  have t e n d e d  t o

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

t h e y  have o v e r l o o k e d  t h e  r h y t h m i c a l  o r g a n i z a t i o n  o-f t empora l  

p e r i o d i c i t i e s  w i t h i n  an e v e n t  and the  p o t e n t i a l  impact  o-f rhy thm upon

j u d g e d  d u r a t i o n .  I n d e e d ,  much o-f t he  c u r r e n t  r e s e a r c h  h a s  n o t

s y s t e m a t i c a l l y  m a n i p u l a t e d  r hy thm and h a s  - f r e q u e n t l y  p r e s e n t e d  s t a t i c  

a r r a n g e m e n t  o-f l i n e s ,  w o r d s ,  o r  a b s t r a c t  d r a w i n g s  -for some i n t e r v a l  of  

t  i me .

A l t h o u g h  t h e  i n f o r m a t i o n - p r o c e s s i n g  mo d e l s  do n o t  e x p l i c i t l y  

a d d r e s s  t he  i s s u e  o f  r h y t h m ,  t he  m e l o d i c  and t empora l  a c c e n t s  w i t h i n  a

me l ody  can  be r e a s o n a b l y  c o n c e i v e d  a s  "chunk b o u n d a r i e s  or  p o i n t s  of

c o g n i t i v e  c h a n g e 11 (Bower & Winsenz 1969;  Deu t s ch  1980;  Handel  1973) .  

A c c e n t s  e f f e c t i v e l y  r e d u c e  a me lody  t o  a l i n e a r  s e q u e n c e  of  c hunks  or  

d i s c r e t e  moments  o f  t i me  t h a t  w i l l  be e v e n t u a l l y  c o n c a t e n a t e d  by

v a r i o u s  c o g n i t i v e  m e ch a n i s ms .  E v e n t s  c o n t a i n i n g  a g r e a t e r  number of

c h u n ks  w i l l  p r e s u m a b l y  i n c r e a s e  t h e  amount  o f  i n f o r m a t i o n  p r o c e s s i n g  

and code c o m p l e x i t y .  S i n c e  code c o m p l e x i t y  i s  as sumed t o  f u n c t i o n  a s  

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

c o n t a i n i n g  a g r e a t e r  number  o f  c hunks  w i l l  be j u d g e d  l o n g e r  t han  t h o s e  

c o n t a i n i n g  a f ew e r  number .

R e c a l l  t h a t  i n d i v i d u a l  mo d e l s  of  j u d g e d  d u r a t i o n  d i s a g r e e  on t he
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p a r t i c u l a r  c o g n i t i v e  p r o c e s s  t h a t  m e d i a t e s  code c o m p l e x i t y  and j u d ge d  

d u r a t i o n .  O r n s t e i n  (1949)  c l a i m s  t h a t  d u r a t i o n  d e p e n d s  on t he  amount  

o-f in - fo rmat ion  in memory s t o r a g e  and t h a t  v a r i a b l e s  o f  c o m p l e x i t y  and 

chunk number  i n c r e a s e  s t o r a g e  s i z e .  A t t e n t i o n a l  e f f o r t  mode l s  ( i e .  

Underwood & Swain 1973;  Thomas & Weaver 1975)  b e l i e v e  t h a t  i n c r e a s e d  

c o m p l e x i t y  and chunk number  i n c r e a s e  p r o c e s s i n g  e f f o r t  and t h u s  j u d g e d  

d u r a t i o n .  L a s t l y ,  Block (1978 )  p r o p o s e s  t h a t  l o n g e r  d u r a t i o n  

j u d g m e n t s  r e s u l t  f rom an i n c r e a s e  in c o g n i t i v e  change  -  c h a n g e s  in 

p a t t e r n  s t r u c t u r e  < i e .  a c c e n t s )  p r e s u m a b l y  c a u s i n g  c h a n g e s  in 

p r o c e s s i n g  mode.  R e g a r d l e s s  o f  t he  u n d e r l y i n g  m e d i a t i o n a l  d e v i c e ,  

t h i s  c l a s s  o f  m o d e l s  makes  an i d e n t i c a l  p r e d i c t i o n .  S p e c i f i c a l l y ,  t he  

me l ody  w i t h  t h e  c o m p a t i b l e  Four  Be a t  rhy thm c o n t a i n s  c o - o c c u r r i n g  

a c c e n t s  t h a t  s egment  t he  me l ody  i n t o  f o u r  c h u n k s .  C o n v e r s e l y ,  t he  

c o n f l i c t i n g  a c c e n t s  o f  t he  i n c o m p a t i b l e  F i v e  Bea t  r hy thm segment  t h i s  

same me lody  i n t o  s i x  c h u n k s .  T h i s  s e c o nd  melody s h o u l d  t h e r e f o r e  be 

j u d g e d  1 o n c e r  t h a n  the  f i r s t .

In  summary,  we have  c o n s i d e r e d  t h r e e  d i s t i n c t  ways  in which 

r hy t hm may a f f e c t  r e l a t i v e  d u r a t i o n  j u d g m e n t s .  The two mode l s  

g e n e r a t e d  f rom t h e  Rhythmic  A t t e n d i n g  T h e o r y ,  namely t h e  M i s s i n g  Beat  

and Average  A c c e n t  P e r i o d  H y p o t h e s e s ,  b o t h  assume t h a t  a p e r c e i v e r  

u s e s  t h e  r h y t h m i c  s t r u c t u r e  o f  a me lody  a s  t he  r e f e r e n t  f o r  j u d g e d  

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

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

a c c e n t s .  In c o n t r a s t ,  t he  i n f o r m a t i o n - p r o c e s s i n g  mo d e l s  make an 

o p p o s i t e  p r e d i c t i o n .  He r e ,  a p e r c e i v e r  d o e s  n o t  us e  r hy t hm a s  a
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r e - f e r e n t  -for d u r a t i o n  j u d g m e n t s  -  i n s t e a d  rhy thm - f un c t i on s  t o  segment  

an i n t e r v a l  i n t o  d i s c r e t e  c h u n k s  t h a t  mus t  be c o g n i t i v e l y  

c o n c a t e n a t e d .  A g r e a t e r  number  o f  c h u nk s  i n c r e a s e s  

i n f o r m a t i o n - p r o c e s s i n g  and code  c o m p l e x i t y ,  which  in t u r n  l e n g t h e n s  

e x p e r i e n c e d  d u r a t i o n .

In t he  f o l l o w i n g  s e c t i o n ,  w e ' l l  c o n s i d e r  how t h e s e  v a r i o u s  

h y p o t h e s e s  a r e  e v a l u a t e d  by t h e  d e s i g n  of  Expe r i me n t  One.  The g e n e r a l  

i n t e n t  i s  t o  d e t e r m i n e  w h e t h e r  r hy t hm does  e x e r t  a m a j o r  impact  upon 

j u d g e d  d u r a t i o n  and  i f  s o ,  what  t h e  u n d e r l y i n g  r e a s o n  may b e .  

E x p e r i m e n t a l  Des i gn  of  E x p e r i m e n t  One

In t h i s  f i r s t  e x p e r i m e n t ,  f o u r  t y p e s  of  m e l o d i e s  were  c o n s t r u c t e d  

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

As s een  in F i g u r e  1,  t h e s e  m e l o d i e s  v a r i e d  in t e r ms  of  t h e i r  p r e s e n c e  

or  a b s e n c e  of  m e l o d i c  a c c e n t s  < r u l e ,  n o - r u l e )  and t h e i r  p l a c e m e n t  of  

t e mpor a l  a c c e n t s  ( Fo u r  o r  F i ve  Bea t  r h y t h m ) .  The mos t  s i m p l e  m e l o d i e s  

were  as sumed t o  c o n t a i n  m e l o d i c  a c c e n t s  <m) t h a t  r e s u l t e d  f rom t he  

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

c o i n c i d e d  w i t h  t he  t e mp o r a l  a c c e n t s  of  a Four  Bea t  rhy thm ( R u l e - F o u r  

Bea t  r h y t h m ) .  A more complex s t r u c t u r e  was  a c h i e v e d  by impos i ng  a 

F i ve  Bea t  r hy t hm upon t h e s e  same r u l e - g e n e r a t e d  m e l o d i e s  ( R u l e - F i v e  

Bea t  r h y t h m ) .  As shown in F i g u r e  1,  t empora l  a c c e n t s  of  t h e s e  

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

m e l o d i c  a c c e n t s .  The mos t  complex m e l o d i e s  were  assumed t o  be t h o s e  

l a b e l l e d  a s  NoRule Four  Bea t  and NoRule F i v e  Bea t  r h y t h m .  A l t hough  

t h e s e  m e l o d i e s  c o n t a i n e d  t h e  same c o n t o u r  ( p a t t e r n  o f  ups  and downs in
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93

p i t c h )  and rhy thm a s  t h e i r  r u l e  c o u n t e r p a r t s ,  t he y  d i d  n o t  c o n t a i n  

m e l o d i c  a c c e n t s .  T h e i r  t o n e s  were  no t  r e l a t e d  by a m u s i c a l  r u l e  

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

s e q u e n c e  of  12 u n r e l a t e d  t o n e s .

To v a l i d a t e  t he  s t r u c t u r a l  c o m p l e x i t y  of  t h e s e  m e l o d i e s ,  an 

i n d e pe n d e n t  group of  s u b j e c t s  were  a s ke d  t o  r a t e  a l l  p a t t e r n s  on t h r e e  

p e r c e p t u a l  d i m e n s i o n s :  a )  s i m p l i c i t y  or  de g r e e  of  p r e d i c t a b i l i t y  b) 

m u s i c a l i t y  or  de g r ee  o f  harmony and c)  goodnes s  or  t he  de g r ee  of  

t y p i c a l i t y  t o  t he  g e n e r a l  c a t e g o r y  of  m u s i c .  I t  was p r e d i c t e d  t h a t  

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

be r a t e d  a s  more p r e d i c t a b l e ,  more m u s i c a l ,  and b e t t e r  r e p r e s e n t a t i v e s  

o f  m u s i c .

A f t e r  t h e s e  r a t i n g s  were  o b t a i n e d ,  p a t t e r n s  were t he n  p a i r e d  f o r  

p r e s e n t a t i o n  in a c o m p a r a t i v e  d u r a t i o n  t a s k .  P a t t e r n s  were p a i r e d  

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

a r u l e  melody f o l l o w e d  by a n o - r u l e  me l ody ;  o r  a n o - r u l e  melody 

f o l l o w e d  by a r u l e  me l ody .  In a d d i t i o n ,  t he  p a t t e r n s  of  a p a i r  e i t h e r  

c o n t a i n e d  t he  same rhythm < i e .  Fo u r -Fo u r  Beat  or  F i v e - F i v e  Bea t )  or  a 

d i f f e r e n t  r hythm ( F o u r - F i v e  Bea t  or  F i v e - F o u r  B e a t ) .  P a t t e r n s  w i t h i n  

a p a i r ,  t h e n ,  e i t h e r  d i d  or  d i d  no t  d i f f e r  in t h e i r  d e g r ee  of  a c c e n t  

complexi  t y .

Given t h i s  e x p e r i m e n t a l  d e s i g n ,  t he  t h r e e  h y p o t h e s e s  me n t i o n e d  

e a r l i e r  each p r e d i c t  a d i f f e r e n t  p a t t e r n  o f  r e s u l t s .  L e t ' s  f i r s t  

c o n s i d e r  t he  p r e d i c t i o n s  of  t he  M i s s i n g  Beat  H y p o t h e s i s .  A c c o r d i n g  to  

t h i s  h y p o t h e s i s ,  t he  r h y t h m i c  b e a t s  of  a m e l o d y ' s  a c t u a l  and m i s s i n g
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t o n e s  ( i m p l i e d  by p a u s e s )  e s t a b l i s h  c o r r e s p o n d i n g  b e a t s  w i t h i n  t he  

o r g a n i s m .  When j u d g i n g  r e l a t i v e  d u r a t i o n ,  an o r ga n i s m w i l l  use  the  

t o t a l  number  o-f b e a t s  w i t h i n  an i n i t i a l  me lody a s  an e x p e c t e d  

r e - f e r e n t .  A s e c o n d  me l ody  w i l l  seem l o n g e r  i-f i t  c o n t a i n s  a g r e a t e r  

number o-f b e a t s  and s h o r t e r  i-f i t  c o n t a i n s  a -fewer number  o-f b e a t s .

In t h i s  e x p e r i m e n t ,  t he  r u l e  and n o - r u l e  m e l o d i e s  w i t h  a Four  Beat  

r hy thm b o t h  c o n t a i n  15 b e a t s .  C o n v e r s e l y ,  m e l o d i e s  w i t h  a F i ve  Beat  

r hy thm c o n t a i n  14 b e a t s .  T h i s  h y p o t h e s i s  t h u s  p r e d i c t s  t h a t ,  

r e g a r d l e s s  o-f r u l e  s t r u c t u r e ,  Four  Bea t  m e l o d i e s  w i l l  be j u d g e d  l o n g e r  

t ha n  F i ve  Be a t  m e l o d i e s .

These  p r e d i c t i o n s  c o n t r a s t  w i t h  t h o s e  o-f t h e  Average  Accen t  

P e r i o d  H y p o t h e s i s .  T h i s  v i ew c l a i m s  t h a t  a p e r c e i v e r  u s e s  t h e  a v e r a g e  

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

me l ody  w i l l  seem s h o r t e r  o r  l o n g e r  d e p e n d i n g  on w h e t h e r  i t s  a v e r a g e  

v a l u e  i s  l e s s  t han  o r  g r e a t e r  t h a n  t he  e x p e c t e d  r e - f e r e n t .  T a b l e  1 h a s  

c a l c u l a t e d  t he  a v e r a g e  d u r a t i o n  v a l u e  -for e ac h  o-f t h e  -four m e l o d i e s  

w i t h i n  t h i s  e x p e r i m e n t .  N o t i c e  t h a t  r u l e  and n o - r u l e  m e l o d i e s  o-f t he  

Four  Bea t  r hy thm a r e  n o t  p r e d i c t e d  t o  di-f-fer b e c a u s e  b o t h  c o n t a i n  t he  

same a v e r a g e  d u r a t i o n  v a l u e  ( i e .  TE = 1100 m s ) .  In t h e  F i ve  Beat  

r hy th m,  howeve r ,  r u l e  m e l o d i e s  (TE -  660 ms) s h o u l d  be j u d g e d  s h o r t e r  

t ha n  n o - r u l e  m e l o d i e s  (TE = 1500 m s ) .  F u r t h e r ,  t h i s  i n t e r a c t i o n  

be t ween  r u l e  and r hy t hm s h o u l d  a l s o  r e v e a l  t h a t  R u l e - Fo u r  Beat  

m e l o d i e s  w i l l  be j u d g e d  l o n g e r  t h a n  R u l e - F i v e  Bea t  m e l o d i e s  (TE = 1100 

vs  660 m s . )  b u t  t h a t  t h e  r e v e r s e  s h o u l d  be -found -for n o - r u l e  m e l o d i e s  

(TE = 1100 v s  1500 m s ) .
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TABLE 1

"COMPLEXITY" VALUES FOR PATTERNS IN EXPERIMENT 1A AND IB AS 
CONTRASTED BY THE MISSING BEAT, AVERAGE ACCENT PERIOD, AND 

INFORMATION-PROCESSING HYPOTHESES.

NUMBER MEAN ACCENT NUMBER
CONDITION___________________ OF BEATS PERIOD DURATION OF CHUNKS

RULE -  FOUR BEAT 15 1100 ms.  4
(COMPATIBLE RHYTHM)

NORULE -  FOUR BEAT 15 1100 ms.  12

RULE -  FIVE BEAT 14 660 ms .  6
(INCOMPATIBLE RHYTHM)

NORULE -  FIVE BEAT 14 1500 ms.  12
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L a s t l y ,  t he  i n f o r m a t i o n - p r o c e s s i n g  mode l s  p r e d i c t  a v e r y  

d i f f e r e n t  s e t  o-f r e s u l t s .  A c c o r d i n g  t o  t h e s e  mo de l s ,  a p e r c e i v e r  does  

no t  use  t he  t e mpora l  i n f o r m a t i o n  t h a t  i s  g i ve n  by a m e l o d y ' s  rhy thm.  

I n s t e a d ,  rhy thm s e r v e s  t o  segment  a melody i n t o  t o n a l  g r ou p s  or  

c h u nk s .  S i nc e  c o g n i t i v e  c o n c a t e n a t i o n  i s  then  r e q u i r e d  t o  i n t e g r a t e  

t h e s e  c h u nk s ,  an i n c r e a s e d  number of  chunks  w i l l  i n c r e a s e  code 

c o m p l e x i t y  and j u d g e d  d u r a t i o n .  However ,  t he  t empora l  a c c e n t s  of  

r hy t hm w i l l  o n l y  f a c i l i t a t e  t he  p r o c e s s i n g  of  r u l e - b a s e d  m e l o d i e s  

whose t o n e s  a r e  l a w f u l l y  i n t e r r e l a t e d .  I f  i n d i v i d u a l  t o n e s  can be 

g rouped  by m u s i c a l  r u l e s ,  t h e s e  e f f e c t i v e l y  form m e l o d i c  chunks  which 

a r e  t he  u n i t s  o f  c o n c a t e n a t i o n  < R e s t l e  1972) .  The t empora l  a c c e n t s  of  

a rhy thm may the n  p a r s e  t h e s e  m e l o d i c  chunks  in a c o m p a t i b l e  or  

i n c o m p a t i b l e  f a s h i o n .  The R u l e - Fo u r  Bea t  and R u l e - F i v e  Bea t  m e l o d i e s  

of  F i g u r e  1 i l l u s t r a t e  t h e s e  two c o n d i t i o n s  r e s p e c t i v e l y  and show t h a t  

an i n c o m p a t i b l e  rhythm w i l l  i n c r e a s e  chunk number .  The t o n e s  of  

n o - r u l e  m e l o d i e s ,  on t he  o t h e r  hand ,  a r e  no t  chunked by mus i c a l  r u l e s  

and so  t he  u n i t  of  c o n c a t e n a t i o n  he r e  i s  t he  i n d i v i d u a l  t o n e .  S ince  

each  t one  mus t  be c o n c a t e n a t e d  t o  the  n e x t ,  rhy thm w i l l  no t  r e a l l y  

f a c i l i t a t e  t h i s  p r o c e s s .  As seen  in T a b l e  1,  the  n o - r u l e  m e l o d i e s  of  

b o t h  r hy t hms  t h u s  c o n t a i n  12 chunks  -  a number t h a t  i s  s i g n i f i c a n t l y  

l a r g e r  t han  t h a t  of  r u l e  m e l o d i e s .  When t h e s e  m e l o d i e s  a r e  now 

compared f o r  r e l a t i v e  d u r a t i o n ,  t he  f o l l o w i n g  r e s u l t s  a r e  p r e d i c t e d .  

The R u l e - Fo u r  Beat  melody c o n t a i n s  t he  f e w e s t  number o f  chunks  < i e .  4) 

and s h o u l d  be j u d g e d  s h o r t e r  t han  t he  R u l e - F i v e  Beat  melody and the 

two n o - r u l e  m e l o d i e s .  The two n o - r u l e  m e l o d i e s  s h o u l d  be j u d ge d  the
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l o n g e s t  o-f a l l  b u t  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom one a n o t h e r .  The 

p r e d i c t i o n s  f o r  a l l  h y p o t h e s e s  a r e  summar i zed  in T a b l e  1.

To e v a l u a t e  t h e s e  v a r i o u s  h y p o t h e s e s ,  t he  f o l l o w i n g  e x p e r i m e n t  

was  c o n d u c t e d .  The p e r c e p t u a l  r a t i n g  t a s k  w i l l  be p r e s e n t e d  f i r s t  

f o l l o w e d  by t h e  c o m p a r a t i v e  j udgment  t a s k .

E x p e r i me n t  l a

The p u r p o s e  o f  t h i s  f i r s t  e x p e r i m e n t  was  t o  d e t e r m i n e  how w e l l  a 

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

l e v e l s  o f  m e l o d i c  and r h y t h m i c  c o m p l e x i t y .  H e r e ,  an i n d e p e n d e n t  group 

o f  s u b j e c t s  were  a s k e d  t o  r a t e  m e l o d i e s  f o r  t h e i r  d e g r e e  of  

s i m p l i c i t y ,  g o o d n e s s ,  and m u s i c a l i t y .  Those  m e l o d i e s  c o n t a i n i n g  

m u s i c a l  r u l e s  and a c o m p a t i b l e  Four  Bea t  rhy thm a r e  p r e d i c t e d  t o  be 

r a t e d  a s  t h e  mos t  s i m p l e ,  t h e  mos t  m u s i c a l ,  and t he  b e s t  e x e m p l a r s  of  

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

a s s o c i a t e d  w i t h  R u l e - F i v e  Bea t  m e l o d i e s  and NoRule m e l o d i e s  of  t h e  two 

r h y t h m i c  c o n d i t i o n s .

Method

Des i gn  and S u b j e c t s

The d e s i g n  was  a 2 x 2 x 2 x 2 x 2  mi xed  f a c t o r i a l .  Two l e v e l s  

o f  p a t t e r n  t y p e  ( r u l e s ,  n o - r u l e s )  were  c r o s s e d  w i t h  two l e v e l s  of  

r hy t hm ( Fou r  B e a t ,  F i ve  B e a t )  and two l e v e l s  of  t o t a l  p a t t e r n  d u r a t i o n  

( Long ,  S h o r t ) .  The two b e t w e e n - s u b j e c t s  f a c t o r s  were  c o u n t e r b a l a n c e  

o r d e r  of  t r i a l  p r e s e n t a t i o n  ( I ,  I I )  and m e l o d i c  i n s t a n c e  g roup (A,  B ) .
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T h i r t y - s i x  u n d e r g r a d u a t e s  p a r t i c i p a t e d  in t h e  e x p e r i m e n t  in 

r e t u r n  -for c o u r s e  c r e d i t  in I n t r o d u c t o r y  P s y c h o l o g y .  Each had a t  

l e a s t  A y e a r s  o-f m u s i c a l  t r a i n i n g  w i t h i n  t h e  p a s t  6 y e a r s .  Nine 

s u b j e c t s  were  r andoml y  a s s i g n e d  t o  one o-f t h e  -four b e t w e e n - s u b j e c t s  

condi  t i o n s .

S t i m u l u s  M a t e r i a l s

A s e t  o-f m u s i c l i k e  p a t t e r n s  was c o n s t r u c t e d  such  t h a t  p a t t e r n s  

wou l d  v a r y  in t h e i r  d e g r e e  o-f m e l o d i c  and r h y t h m i c  c o m p l e x i t y .  T h i s  

was a c h i e v e d  by c r o s s i n g  two k i n d s  o-f m e l o d i e s  ( r u l e ,  n o - r u l e )  w i t h  

two t y p e s  o-f rhy thm ( Fou r  B e a t ;  F i ve  B e a t ) .  The d e t a i l s  o-f m e l o d i c  

and r h y t h m i c  c o n s t r u c t i o n s  a r e  a s  - fo l l ows:

M e l o d i c  C o n s t r u c t i o n

A t o t a l  o-f s i x t e e n  p i t c h  p a t t e r n s  were  c o n s t r u c t e d ,  each  

c o n t a i n i n g  12 s q u a r e  wave t o n e s  -from n o t e s  o-f t h e  C m a jo r  d i a t o n i c  

s c a l e .  P a t t e r n s  were  o-f two t y p e s :  r u l e  m e l o d i e s  or  n o - r u l e  c o n t o u r

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

The e i g h t  r u l e - b a s e d  m e l o d i e s ,  shown in F i g u r e  2 ,  were  g e n e r a t e d  

by a p p l y i n g  s u c c e s s i v e  m u s i c a l  r u l e s  ( s e e  J o n e s  1981b)  t o  a common 

t o n a l  a rgument  o-f (C D E ) . A m e l o d i c  r u l e  change  t h u s  o c c u r r e d  on 

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

N o - r u l e  c o n t o u r  c o n t r o l  m e l o d i e s ,  a l s o  shown in F i g u r e  2 ,  l a c k e d  

i n t e r v a l  r e g u l a r i t y  b u t  p r e s e r v e d  the  " ups  and downs" o-f p i t c h  c h a n g e s  

in t h e i r  r e s p e c t i v e  r u l e - b a s e d  c o u n t e r p a r t s .  N o t i c e  t h a t  p a t t e r n  NR1A 

w i t h i n  F i g u r e  2 ,  -for e x a m p l e ,  c o n t a i n s  an i d e n t i c a l  c o n t o u r  t o  p a t t e r n  

R1A. As w i t h  r u l e  m e l o d i e s ,  each  n o - r u l e  me lody  began on m i d d l e  C.
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GROUP A MELODIES 

RULE MELODIES

Blfi_____________________

C D E G A B C B A F E D  
re n re re

i2£u

C D E A G F C B A E F G  
i» re n m

_____________________________

C D E O A B C B A F G A  
re n n re

C D E A O F C B A E D C  
re m re m

NORULE MELODIES

NR1A_____________________________________________

C E F A B D C B G F  

NR2A_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C E F B F D C A E G B C  

NR3A _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

GROUP B MELODIES 

RULE MELODIES 

R IB

□K

C D E G F E F G A C B A  
re re n re

m ________________________________

C D E A B C D E F B C D  
re re m re

■  4  ■

C D E G F E F G A C D E  
li n n m

MR.

T *  ^
C D E A B C D E F B A G  
re re re re

NORULE MELODIES

piB

C D F A E D F G C B E C

NR2B

C D F A C D D F A B D E

NR3B

C E F A B D C B G E A D  C D F A E D F G C A D E

H EM . NR4B

C E F B F D C A E G F C
T «  *  .

C D F A C D D F A C G B

FIGURE 2 .  MELODIES USED IN  EXPERIMENTS IA  W D  I B .  THE MELODIC 
ACCENTS <re) WITHIN RULE MELODIES INDICATE PO IN T S  OF 
HU81CAL RULE TRANSFORMATIONS.
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Rhythmic C o n s t r u c t i o n

Al l  s i x t e e n  m e l o d i c  p a t t e r n s  were  c r o s s e d  w i t h  two d i f f e r e n t  

r h y t h m s  o-f two d i f f e r e n t  t o t a l  d u r a t i o n s ,  r e s u l t i n g  in a t o t a l  of  

s i x t y - f o u r  s t i m u l u s  s e q u e n c e s .  The two r h y t h ms  (Four  B e a t ;  F i v e  Bea t )  

w i t h i n  t h e  l o n g  d u r a t i o n  ( t o t a l  t i me  = 4100 ms) s h a r e d  a common t o n a l  

d u r a t i o n  (on t i m e )  f o r  a l l  t o n e s  of  200 ms .  Rhythms d i f f e r e d  w i t h  

r e s p e c t  t o  i n t e r t o n e  i n t e r v a l  ( I T 1 ) :  a)  Four  Bea t  r h y t h ms  had an ITI

of  100 ms.  e x c e p t  a f t e r  e v e r y  t h i r d  t one  where  ITI  was  300 ms.  b) 

F i v e  Be a t  r h y t h m s  had  an ITI  o f  100 ms.  e x c e p t  a f t e r  e v e r y  f o u r t h  tone  

where  ITI  was  400 ms.  For  t h e  s h o r t  d u r a t i o n  ( t o t a l  t ime = 3075 m s ) ,  

t h e  t o n a l  d u r a t i o n  was  a l w a y s  150 ms .  and  ITI  was 75 ms.  e x c e p t  in t he  

Four  Be a t  r hy t hm where  ITI  was 225 ms .  a f t e r  e v e r y  t h i r d  t one  and in 

t h e  F i ve  Be a t  rhy thm where  ITI was  300 ms.  a f t e r  e v e r y  f o u r t h  t o n e .  

T a b l e  2 d e p i c t s  t h e  Four  and F i v e  Bea t  r h y t h ms  a t  e ac h  d u r a t i o n .

In  t h i s  e x p e r i m e n t ,  t h e  Four  Bea t  r hy t hm i s  c o m p a t i b l e  w i t h  t he  

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

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

The F i ve  B e a t  r h y t h m ,  on t h e  o t h e r  h a n d ,  c o n t a i n s  p a u s e s  a f t e r  e v e r y  

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

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

The 64 s t i m u l u s  p a t t e r n s  were  d i v i d e d  i n t o  two g r o u p s  of  32 

p a t t e r n s  each  (Group A , B ) .  The m e l o d i c  i n s t a n c e s  o f  e ac h  g r o u p ,  shown 

in F i g u r e  2 ,  c o n s i s t e d  o f  f o u r  r u l e  and f o u r  n o - r u l e  m e l o d i e s  a t  each 

of  t h e  f o u r  rhy thm x d u r a t i o n  c o n d i t i o n s .  For  each  g r o u p ,  two 

d i f f e r e n t  random o r d e r s  o f  32 p a t t e r n  s e q u e n c e s  were  c o n s t r u c t e d .  In
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TABLE 2

THE TWO RHYTHMS OF EXPERIMENT IB AT THE SHORT DURATION 
(TOTAL TIME = 3075 MS) AND LONG DURATION (TOTAL TIME = 4100 MS).

SHORT DURATION

FOUR BEAT RHYTHM FIVE BEAT RHYTHM

Tonal  On O-f -f Tonal  On Off
Event  T i me T ime Event  T ime Time

1 150 75 1 150 75
2 150 75 2 150 75
3 150 225 3 150 75
4 150 75 4 150 300
5 150 75 5 150 75
6 150 225 6 150 75
7 150 75 7 150 75
8 150 75 8 150 300
9 150 225 9 150 75
10 150 75 10 150 75
11 150 75 11 150 75
12 150 75 12 150 75

LONG DURATION

FOUR BEAT RHYTHM FIVE BEAT RHYTHM

Tonal On Off Tonal On Off
Event T ime T ime Event Time T ime

1 200 100 1 200 100
2 200 100 2 200 100
3 200 300 3 200 100
4 200 100 4 200 300
5 200 100 5 200 100
6 200 300 6 200 100
7 200 100 7 200 100
8 200 100 8 200 300
9 200 300 9 200 100
10 200 100 10 200 100
11 200 100 11 200 100
12 200 100 12 200 100
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t h e  a c t u a l  r a t i n g  t a s k ,  each  g roup  o-f s u b j e c t s  r e c e i v e d  two b l o c k s  o-f 

32 s e q u e n c e s ,  y i e l d i n g  two p r e s e n t a t i o n s  o-f each  p a t t e r n .

A p p a r a t u s

Al l  p a t t e r n s  c o n s i s t e d  o-f s q u a r e  wave t o n e s  g e n e r a t e d  by a 

U a v e t e k  Model 159 waveform g e n e r a t o r  t h a t  was c o n t r o l l e d  by a Cromemco 

2 - 2  m i c r o c o m p u t e r , In g e n e r a t i o n ,  a cus tom b u i l t  e n v e l o p e  g e n e r a t o r  

imposed 10 ms.  r i s e  and f a l l  t i m e s  on a l l  t o n e s .  Tonal  f r e q u e n c i e s ,  

in H e r t z ,  were  t a k e n  f rom t he  e q u a l l y  t e mpe r e d  s c a l e  o f  I n t e r n a t i o n a l  

P i t c h  <A4 = 400 h z ) .  Tones  were  s u b j e c t i v e l y  e q u a t e d  f o r  l o u d n e s s  in 

t h e  a c t u a l  p a t t e r n  c o n t e x t  a c c o r d i n g  t o  r e p o r t s  of  two j u d g e s .  

S e q u e n c e s  o f  t o n e s ,  programmed by t he  m i c r o c o m p u t e r ,  were  r e c o r d e d  on 

a Nakami chi  LX-3 c a s s e t t e  r e c o r d e r .  D u r in g  an e x p e r i m e n t a l  s e s s i o n ,  

t h e  s e t s  o f  p r e r e c o r d e d  t o n a l  s e q u e n c e s  were  p r e s e n t e d  t h r o u g h  AKG 

h e a d ph on e s  a t  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 .

P r o c e d u r e

E i g h t e e n  s u b j e c t s  were  r an d o ml y  a s s i g n e d  t o  each  o f  t h e  two 

p a t t e r n  g roup c o n d i t i o n s .  Re c o r de d  i n s t r u c t i o n s  i n f o r med  s u b j e c t s  of  

p a t t e r n  p r e s e n t a t i o n  d e t a i l s  and t a s k  r e q u i r e m e n t s .  On each t r i a l ,  a 

one  s e c ,  w a r n i n g  tone  (5000 h z )  p r e c e d e d  a 12 t one  m e l o d i c  p a t t e r n  by 

two s e c s .  T h r e e  s e c o n d s  l a t e r ,  t h i s  same p a t t e r n  was  a g a i n  p r e s e n t e d  

f o r  t h e  b e n e f i t  o f  t h e  l i s t e n e r .  D ur i ng  a s even  s e c .  r e s p o n s e  

i n t e r v a l ,  s u b j e c t s  were  t h e n  a s k ed  t o  r a t e  t h i s  p a t t e r n  f o r  i t s  de g r ee  

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

g o o d n e s s ,  s u b j e c t s  we re  i n s t r u c t e d  t o  imagine a "good" r e p r e s e n t a t i v e  

example  of  a m u s i c a l  p a t t e r n .  I t  was s u g g e s t e d  t h a t  such a melody may
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p o s s e s s  a p a r t i c u l a r  p a t t e r n  o-f p i t c h  d i r e c t i o n s ,  a l a wf u l  r e l a t e d n e s s  

be t wee n  s u c c e s s i v e  t o n e s ,  and a p a r t i c u l a r  t ype  of  r h y t h m .  For  

r a t i n g s  o f  s i m p l i c i t y ,  s u b j e c t s  were  a s ke d  t o  c o n s i d e r  a p a t t e r n ' s  

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

a n t i c i p a t e d .  L a s t l y ,  in r a t i n g  m u s i c a l i t y , s u b j e c t s  we re  a s k e d  t o  

c o n s i d e r  a p a t t e r n ' s  d e g r e e  of  harmony and how w e l l  i s  c o u l d  be 

i n c o r p o r a t e d  i n t o  a  m u s i c a l  c o m p o s i t i o n .  S u b j e c t s  were  a l s o  i n fo rmed  

t h a t  a l l  p a t t e r n s  were  g e n e r a t e d  f rom a  c o m p u t e r ,  and in a d d i t i o n  t o  

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

much more b a s i c  t h a n  t h e  mus i c  t h e y  were  u s e d  t o  h e a r i n g .  They  were 

a s k e d  t o  keep  t h e s e  c o n s i d e r a t i o n s  in mind and t o  c o n c e n t r a t e  more 

upon t h e  s t r u c t u r a l  r e l a t i o n s h i p s  of  a p a t t e r n .  A 12 p o i n t  s c a l e  was 

p r o v i d e d  on each  t r i a l  f o r  eac h  of  t h e  t h r e e  r a t i n g s .  S u b j e c t s  were 

i n f o r m e d  t h a t  a v a l u e  of  1,  2 ,  or  3 on the  s c a l e  i n d i c a t e d  t h a t  t he  

p a t t e r n  was  a v e r y  good e xe mpl a r  ( o r  v e r y  s i m p l e  or  v e r y  m u s i c a l ) .  

C o n v e r s e l y ,  v a l u e s  of  10,  11,  and 12 would  i n d i c a t e  t h a t  t h e  p a t t e r n  

was  a v e r y  poor  e x e m p l a r  ( o r  v e r y  complex or  v e r y  u n m u s i c a l ) .  I t  was 

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

t h e i r  j u d g m e n t s .

Each e x p e r i m e n t a l  s e s s i o n  was a p p r o x i m a t e l y  45 m i n s .  in d u r a t i o n ,  

a b r i e f  3 mi n .  r e s t  p e r i o d  b e i n g  p r o v i d e d  a f t e r  32 t r i a l s .  P r i o r  t o  

t h e  e x p e r i m e n t a l  s e s s i o n ,  s u b j e c t s  were  p r e s e n t e d  w i t h  4 p r a c t i c e  

t r i a l s  t o  a c q u a i n t  them w i t h  t he  p r o c e d u r e .  Thes e  c o n s i s t e d  o f  an 

u n f a m i l a r  s e t  o f  p a t t e r n s  a t  each  of  t h e  f o u r  r hy t hm x d u r a t i o n  

c o n d i  t  i o n s .
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R e s u l t s

An a n a l y s i s  o-f v a r i a n c e  was per-formed on each  r a t i n g  me asur e  and 

in a l l  c a s e s ,  d a t a  was c o l l a p s e d  ove r  d u r a t i o n  ( s h o r t ,  l ong)  and 

c o u n t e r b a l a n c e  o r d e r  ( a l l  F ' s  < 1 ) .  The r e s u l t s  o-f each a n a l y s i s  w i l l  

be c o n s i d e r e d  in t u r n .  To summar ize  t he  p r e d i c t i o n s ,  i t  was e x p e c t e d  

t h a t  p a t t e r n s  c o n t a i n i n g  r u l e s  and a c o m p a t i b l e  Four  Beat  rhythm would 

be j u d g e d  t h e  most  s i m p l e ,  mos t  m u s i c a l ,  and t h e  b e s t  e x e m p l a r s  o-f 

m u s i c - l i k e  p a t t e r n s .  C o n v e r s e l y ,  Rule m e l o d i e s  c o n t a i n i n g  an 

i n c o m p a t i b l e  F i ve  Bea t  rhy thm s h o u l d  be r a t e d  lower  w h i l e  NoRule 

m e l o d i e s  s h o u l d  be j u d g e d  as  t he  most  complex ,  mos t  u n m u s i c a l ,  and 

w o r s t  e x e m p l a r s .

Goodness  R a t i n g s

Da t a  a n a l y s e s  on t he  g oodne s s  measure  con-f i rmed t h e se  

p r e d i c t i o n s .  A l t hough  t h e r e  was no main e-f-fect -for r hy t hm,  a p a t t e r n  

main e-f-fect (F 1 , 32  = 7 7 . 4 ,  p<.0001 , MSe = .557)  r e v e a l e d  t h a t  r u l e  

m e l o d i e s  we r e  r a t e d  a s  more r e p r e s e n t a t i v e  of  mus i c  than  n o - r u l e  

m e l o d i e s .  P a t t e r n  i n t e r a c t e d  w i t h  rhythm (F 1 , 32  = 1 0 . 2 9 ,  p ( . 0 0 3 ,  MSe 

= . 1 4 3 ) ,  and a s  T a b l e  3 i l l u s t r a t e s ,  Four  Beat  r u l e  m e l o d i e s  were 

r a t e d  h i g h e s t  f o r  g o o d ne s s  f o l l o w e d  by F i ve  Beat  r u l e  m e l o d i e s  

( B o n f e r r o n i  F = 3 . 4 8 ,  p < . 0 1 ) .  The l o w e s t  r a t i n g s  were o b t a i n e d  f o r  

t he  n o - r u l e  m e l o d i e s  o f  b o t h  r h y th m i c  c o n d i t i o n s  (which d i d  no t  

s i g n i f i c a n t l y  d i f f e r  f rom one a n o t h e r .

M u s i c a l i t y  R a t i n g s

S i n c e  r e s u l t s  o b t a i n e d  w i t h  t he  m u s i c a l i t y  d i me ns i on  conve r ge d  

w i t h  t h o s e  f o r  g oo d n e s s ,  t he  F s t a t i s t i c s  f o r  t h i s  measu re  a r e



105

TABLE 3

MEAN GOODNESS RATINGS IN EXPERIMENT 1A FOR RULE AND NORULE 
PATTERNS AS A FUNCTION OF RHYTHM. LARGER VALUES INDICATE 
THAT MELODIES WERE POOR EXEMPLARS OF MUSIC.

PATTERN TYPE 

RULES NORULES MEANS

R
H FOUR BEAT 4 . 8 6  6 . 1 6
Y
T
H
M FIVE BEAT 5 . 1 7  6 . 0 6

MEANS 5 . 0 2 6.11
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p r e s e n t e d  in Append i x  A.  Only t h e  r e s u l t s  t h a t  a r e  d i s c r e p a n t  w i t h  the  

g o o d n e s s  d im e n s i o n  w i l l  be d i s c u s s e d .

The r hy t hm x p a t t e r n  i n t e r a c t i o n ,  shown in T a b l e  4 ,  r e v e a l e d  t h a t  

Four  Bea t  r u l e  m e l o d i e s  were  r a t e d  a s  t h e  mos t  m u s i c a l  - fol lowed by the 

F i ve  Bea t  r u l e  m e l o d i e s .  Four  Bea t  n o - r u l e  m e l o d i e s  were  r a t e d  a s  

l e s s  m u s i c a l  and t h e  F i v e  Bea t  n o - r u l e  m e l o d i e s  were  r a t e d  l o w e s t  o-f 

a l l .  P o s t  hoc c o m p a r i s o n s  among t h e  -four means  were  a l l  s i  gn i-f i c a n t .

A s i g n i - f i c a n t  p a t t e r n  x group  i n t e r a c t i o n  was  a l s o  o b t a i n e d  and 

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

s i  gn i-f i c a n t l y  more m u s i c a l  t h a n  n o - r u l e  m e l o d i e s ,  t he  di - f - ference was 

much l a r g e r  -for Group B.

S i mo l i  c i t y  Ra t  i n o s

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

p a t t e r n  o-f s  i gn i-f i c a n c e  a s  -found w i t h  t he  g o o d n e s s  and m u s i c a l  i t y  

r a t i n g s .  Hence the  F s t a t i s t i c s  -for t h i s  d i m e n s i o n  a r e  p r e s e n t e d  in 

Appendix  A.

Rhythm d i d  p ro d u c e  a s i g n i - f i c a n t  main  e-f-fect and i n d i c a t e d  t h a t  a 

Four  Be a t  r hy t hm was r a t e d  a s  more s i m p l e  t h a n  a F i ve  Bea t  r hy th m .  

Rhythm a l s o  i n t e r a c t e d  w i t h  p a t t e r n  and a s  shown in T a b l e  5 ,  t he  

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

o t h e r  two d i m e n s i o n s .  He r e ,  Four  Bea t  r u l e  m e l o d i e s  were  j u d g e d  a s  

t h e  mos t  s i m p l e ,  f o l l o w e d  by Four  Be a t  n o - r u l e  m e l o d i e s .  I n c r e a s i n g  

c o m p l e x i t y  was  a s s o c i a t e d  w i t h  F i v e  Be a t  r u l e  m e l o d i e s  and F i ve  Beat  

n o - r u l e  m e l o d i e s .  P o s t  hoc c o m p a r i s o n s  among t h e s e  f o u r  c o n d i t i o n s  

were  a l l  s i g n i f i c a n t .  A s i g n i f i c a n t  rhy thm x group  i n t e r a c t i o n  was



107

TABLE 4

MEAN MUSI CALITY RATINGS IN EXPERIMENT 1A FOR RULE AND NORULE 
PATTERNS AS A FUNCTION OF RHYTHM. LARGER VALUES INDICATE 
THAT MELODIES WERE VERY UNMUSICAL.

R
H
Y
T
H
M

PATTERN TYPE 

RULES NORULES MEANS

FOUR BEAT

FIVE BEAT

5.21 6 . 2 5

6 . 5 65 . 4 5

5 . 7 3

6 . 01

MEANS 5 . 3 3 6 . 4 1
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TABLE 5

MEAN SIMPLICITY RATINGS IN EXPERIMENT 1A FOR RULE AND NORULE 
PATTERNS AS A FUNCTION OF RHYTHM. LARGER VALUES INDICATE 
GREATER COMPLEXITY

PATTERN TYPE 

RULES NORULES MEANS

FOUR BEAT

FIVE BEAT

5 . 8 2

7.21

5 . 0 9

6 . 70

MEANS 5 . 2 7 6 . 5 2
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a l s o  o b t a i n e d ,  i n d i c a t i n g  t h a t  a l t h o u g h  bo t h  g r o u p s  r a t e d  the  Four  

Be a t  r hy t hm s i g n i f  i c a n t l y  more s i m p l e  t h a n  t h e  F i v e  B e a t ,  t he  

d i f f e r e n c e  was much l a r g e r  f o r  Group B.

Pi s c u s s i  on

The p u r p o s e  of  t h i s  f i r s t  e x p e r i m e n t  was  t o  d e t e r m i n e  w h e t h e r  

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

c o m p l e x i t y .  Con v e r g e n c e  was  o b t a i n e d .  The Four  Bea t  r u l e  m e l o d i e s  

were  c o n s i s t e n t l y  j u d g e d  a s  t he  mos t  s i m p l e ,  mos t  m u s i c a l ,  and t he  

b e s t  e x e m p l a r s  o f  m u s i c .  F i v e  Bea t  r u l e  m e l o d i e s  and n o - r u l e  m e l o d i e s  

r e c e i v e d  s i g n i f i c a n t l y  l ower  r a t i n g s .  A l t h o u g h  r e s u l t s  s ome t i me s  

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

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

s u b s e q u e n t  e x p e r i m e n t s .

E x pe r i me n t  l b

The s e c o n d  e x p e r i m e n t  was  d e s i g n e d  t o  i n v e s t i g a t e  e f f e c t s  of  

m e l o d i c  and r h y t h m i c  c o m p l e x i t y  on r e l a t i v e  d u r a t i o n  j u d g m e n t s .  Th r ee  

s e t s  o f  h y p o t h e s e s  were  e v a l u a t e d .  Two,  t h e  M i s s i n g  Bea t  and Average  

Ac c e n t  P e r i o d  H y p o t h e s e s ,  we re  g e n e r a t e d  f rom t h e  Rhythmic A t t e n d i n g  

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

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

o f  p r e d i c t i o n s ,  shown in T a b l e  1,  s u b j e c t s  were  p r e s e n t e d  w i t h  t he  

m e l o d i c  p a t t e r n s  of  E x p e r i m e n t  l a  in a c o m p a r a t i v e  d u r a t i o n  t a s k .
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Method

Des ign  and S u b j e c t s

The d e s i g n  was  a 2 x 2 x 2 x 3 x 4  mixed - f a c t o r i a l .  Two l e v e l s  

o-f t o t a l  d u r a t i o n  ( l o n g ,  s h o r t )  were  c r o s s e d  w i t h  -four l e v e l s  o-f 

r h y t h m i c  p a i r s  ( F o u r - F o u r  B e a t j  F i v e - F i v e  B e a t ;  F o u r - F i v e  Be a t ;  

F i v e - F o u r  B e a t )  and t h r e e  l e v e l s  o-f p a t t e r n  p a i r s  ( R u l e - R u l e ;  

N o R u l e - Ru l e ;  R u l e - N o R u l e ) . The two b e t w e e n - s u b j e c t s  v a r i a b l e s  were 

c o u n t e r b a l a n c e  o r d e r  ( 1 ,  I I )  and m e l o d i c  i n s t a n c e  group (A,  B ) .

F o r t y —four  u n d e r g r a d u a t e s  p a r t i c i p a t e d  in t he  e x p e r i m e n t  in 

r e t u r n  -for c o u r s e  c r e d i t  in I n t r o d u c t o r y  P s y c h o l o g y .  Each had a t  

l e a s t  -four y e a r s  o-f m u s i c a l  t r a i n i n g  w i t h i n  t he  p a s t  s i x  y e a r s .

E l even  s u b j e c t s  were  a s s i g n e d  t o  one o-f t he  -four b e t w e e n - s u b j e c t s  

condi  t i o n s .

S t i m u l u s  M a t e r i a l s

The two g r o u p s  of  m e l o d i e s  (Group A, B) f rom Expe r i men t  l a  were 

a g a i n  u t l i z e d .  The 32 s t i m u l u s  p a t t e r n s  w i t h i n  each  group were  p a i r e d  

w i t h  one a n o t h e r  t o  r e s u l t  in a t o t a l  of  96 e x p e r i m e n t a l  t r i a l s .  On 

each t r i a l ,  t h e  t o t a l  d u r a t i o n  o f  each p a t t e r n  ( s h o r t  o r  l ong)  was 

a l wa y s  k e p t  c o n s t a n t .  P a i r i n g s ,  however ,  c o u l d  d i f f e r  w i t h  r e s p e c t  t o  

rhy thm ( Four  o r  F i ve  Be a t )  and p a t t e r n  t ype  ( R u l e ,  NoRu l e ) .  

S p e c i f i c a l l y ,  t h e  v a r i o u s  m e l o d i c  r u l e  i n s t a n c e s  w i t h i n  each  group 

were  p a i r e d  w i t h  one a n o t h e r  t o  a c h i e v e  t he  Ru l e - Ru l e  p a t t e r n  t y p e ;  

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

c o n t r o l  m e l o d i e s  t o  o b t a i n  Rule-NoRule  p a i r s  and NoRule-Rul e  p a i r s .

A l l  p a t t e r n  p a i r s  were  t he n  c r o s s e d  o r t h o g o n a l l y  w i t h  t he  two r hy t hms .
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Thus  t h e  s i x  p a t t e r n  p a i r  t y p e s  e i t h e r  had  t h e  same r hy thm ( F o u r - F o u r  

Bea t  o r  F i v e - F i v e  B e a t )  o r  a d i f f e r e n t  rhy thm ( F o u r - F i v e  Bea t  or  

F i v e - F o u r  B e a t ) .  Uhen t h e  48 p a t t e r n  x r hy thm p a i r s  w i t h i n  each  group 

were  c r o s s e d  w i t h  t h e  two d u r a t i o n s ,  96 e x p e r i m e n t a l  t r i a l s  r e s u l t e d .  

T r i a l s  we re  r a n d om i z e d  f o r  p r e s e n t a t i o n  and d i v i d e d  i n t o  two b l o c k s  of  

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

of  E x p e r i me n t  l a .

P r o c e d u r e

S u b j e c t s  were  t o l d  t h a t  t i me  j u d g m e n t s  would  be r e q u e s t e d  and t o  

t h e r e f o r e  remove t h e i r  w a t c h e s .  Rec o r d e d  i n s t r u c t i o n s  i n fo rmed  

s u b j e c t s  o f  t a s k  r e q u i r e m e n t s  and e x p e r i m e n t a l  d e t a i l s .  S u b j e c t s  were 

a l s o  t o l d  t h a t  t h e y  wou ld  be t e s t e d  f o r  t h e i r  memory o f  t h e s e  p a t t e r n s  

t h e  f o l l o w i n g  d a y .  On e ac h  t r i a l ,  a one s e c .  w a r n i n g  t one  (5000 hz)  

p r e c e d e d  an i n i t i a l  12 t o n e  p a t t e r n  by two s e c s .  Two s e c o n d s  l a t e r ,  a  

s e c o n d  12 t one  p a t t e r n  was  p r e s e n t e d .  Dur i ng  a 7 s e c s ,  r e s p o n s e  

i n t e r v a l ,  s u b j e c t s  we re  t h e n  a s k e d  t o  j u d g e  w h e t h e r  t h e  t i me  d u r a t i o n  

o f  t h i s  s e co nd  p a t t e r n  was  t h e  same,  l o n g e r ,  o r  s h o r t e r  t h a n  the  

f i r s t .  Judgment  we r e  i n d i c a t e d  by c i r c l i n g  one o f  t h e  s even  numbers  

on t h e  f o l l o w i n g  s c a l e :

v e r y  much q u i t e  somewhat  same somewhat  q u i t e  v e r y  much
l o n g e r  l o n g e r  l o n g e r  d u r a t i o n  s h o r t e r  s h o r t e r  s h o r t e r

^3 - 2  -1 S +1 +2 +3

S u b j e c t s  were  a l s o  a s k e d  t o  j u d g e  t h e  c e r t a i n i t y  o f  t h i s  j udgment  on a 

c o n f i d e n c e  s c a l e  r a n g i n g  f rom 1 t o  7 :  1 mean i ng  v e r y  c e r t a i n  and 7

me an i ng  v e r y  u n c e r t a i n .
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Each e x p e r i m e n t a l  c e s s i o n  was a p p r o x i m a t e l y  one hour  in d u r a t i o n  

w i t h  a b r i e f  3 mi n .  r e s t  p e r i o d  p r o v i d e d  a f t e r  48 t r i a l s .  P r i o r  to  

t he  e x p e r i m e n t a l  s e s s i o n ,  s u b j e c t s  were p r e s e n t e d  w i t h  4 p r a c t i c e  

t r i a l s  t o  a c q u a i n t  them w i t h  t he  p r o c e d u r e .  These  c o n s i s t e d  o-f a 

nove l  s e t  o-f p a t t e r n s  a t  each  o-f t he  -four rhythm x d u r a t i o n  

cond i t  i o n s .

R e s u l t s

T a b l e  6 p r e s e n t s  t h e  mean j u dg e d  d u r a t i o n  a s  a - funct ion o-f 

p a t t e r n  p a i r s  ( R u l e s - N o R u l e s ;  N o Ru l e s - R u l e s ;  R u l e s - R u l e s )  and r h y t hmi c  

p a i r s  ( F o u r - F o u r  B e a t ;  F i v e - F i v e  B e a t ;  F ou r - F i v e  B e a t ;  F i v e - F o u r  

B e a t ) .  S i n c e  s c o r e s  -from t he  d u r a t i o n  r e s p o n s e  s c a l e  were  c o n v e r t e d  

i n t o  v a l u e s  o-f 1 t o  7 ,  a mean o-f 4 d e n o t e s  t h a t  t he  two e v e n t s  were 

j u d g e d  t o  have t he  same d u r a t i o n ;  v a l u e s  g r e a t e r  t han  4 d e n o t e s  t h a t  

t h e  s e c o n d  s t i m u l u s  was j u d g e d  s h o r t e r ;  and v a l u e s  l e s s  t han  4 d e n o t e s  

t h a t  t h e  s e c o n d  s t i m u l u s  was j u d g e d  l o n g e r .  Means in T a b l e  6 a r e  

c o l l a p s e d  ove r  c o u n t e r b a l a n c e  o r d e r  and t o t a l  d u r a t i o n  s i n c e  t h e s e  

- f a c t o r s  - f a i l e d  t o  a t t a i n  s ign i - f  i c a n c e .  Means a r e  a l s o  c o l l a p s e d  over  

m e l o d i c  i n s t a n c e  group (A,  B ) .

The t h r e e  h y p o t h e s e s  t h a t  a r e  e v a l u a t e d  h e r e ,  t he  M i s s i n g  B e a t ,  

Average  A c c e n t  P e r i o d  and I n f o r m a t i o n - P r o c e s s i n g  h y p o t h e s e s ,  g e n e r a t e  

a d i f f e r e n t  s e t  of  p r e d i c t i o n s  f o r  m e l o d i c  p a i r i n g s .  A key i s s u e  on 

which  t h e s e  mo d e l s  v a r y  c o n c e r n s  t he  main e f f e c t  of  rhy thm.  The 

M i s s i n g  Beat  H y p o t h e s i s  p r e d i c t s  t h a t  t he  Four  Bea t  rhythm w i l l  be 

j u d g e d  l o n g e r  t ha n  t he  F ive  Bea t  b e c a u s e  t he  f o r mer  c o n t a i n s  t h r e e  

m i s s i n g  t o n e s  ( i m p l i e d  by p a u s i n g )  in a d d i t i o n  t o  t he  12 a c t u a l  t o n e s
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TABLE 6

MEAN JUDGED DURATION FOR PATTERN PAIRS IN EXPERIMENT IB AS A 
FUNCTION OF RHYTHM PAIRS. A VALUE OF 4 INDICATES EQUIVALENT 
JUDGED DURATION; VALUES <4 INDICATE THE SECOND PATTERN WAS 
JUDGED LONGER AND; VALUES >4 INDICATE THE SECOND PATTERN WAS 
JUDGED SHORTER.

RHYTHM PAIRS

FOUR-FOUR FIVE-FIVE FOUR-FIVE FIVE-FOUR 
BEAT BEAT BEAT BEAT MEANS

P RULE -  
A NORULE 
T 
T 
E
R NORULE 
N -  RULE

P
A
I RULE -  
R RULE
S

3.713 . 9 2

3 , 803 . 9 2 3 . 9 6

3 . 9 6 4 . 2 6 3 . 7 53 . 9 8

3 . 8 6

3 . 9 2

3 . 9 9

MEANS 3 . 9 4 3 . 8 5 4 . 1 5 3 . 7 5
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o-f a me lody -  in c o n t r a s t ,  The F i ve  Bea t  c o n t a i n s  o n l y  two m i s s i n g  

t o n e s  t o  y i e l d  a t o t a l  o-f 14 b e a t s .  The Aver age  Ac c e n t  P e r i o d  

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

p e r i o d s  w i t h i n  t h e  Four  Be a t  r hy t hm i s  s l i g h t l y  h i g h e r  ( i e .  1100 ms) 

t h a n  t h a t  of  t he  F i v e  Be a t  r hy thm ( i e .  1050 ms) and s o  a g a i n ,  i t  

s h o u l d  j u d g e d  l o n g e r .  The i n f o r m a t i o n - p r o c e s s i n g  m o d e l s ,  howeve r ,  

make an o p p o s i t e  p r e d i c t i o n .  The Four  Bea t  r hythm h a s  s egment ed  a 

me l ody  i n t o  f e w e r  c h u nk s  and s o  i t  s h o u l d  be j u d g e d  s h o r t e r  t han  the  

F i v e  Bea t  r h y t h m .  To c o n t r a s t  t h e s e  p r e d i c t i o n s ,  t h e  c r i t i c a l  

c o m p a r i s o n  i s  be t wee n  t h e  r h y t h m i c  p a i r s  of  t h e  F o u r - F i v e  Be a t  and 

F i v e - F o u r  Bea t  c o n d i t i o n s .

R e s u l t s  s u p p o r t e d  t h e  p r e d i c t i o n s  of  t h e  Rhythmic A t t e n d i n g  

h y p o t h e s e s .  A s i g n i f i c a n t  main  e f f e c t  f o r  r hy t hm p a i r s  <F 3 , 1 2 0  =

8 . 2 1 ,  p < . 0 0 0 1 ,  MSe -  . 445)  i s  i l l u s t r a t e d  in t h e  column means  of  T a b l e  

6 .  He r e ,  t h e  F o u r - F i v e  and F i v e - F o u r  Be a t  c o n d i t i o n s  do s i g n i f i c a n t l y  

d i f f e r  ( B o n f e r r o n i  F = 2 . 8 6 ,  p < . 0 1 )  and i n d i c a t e  t h a t  t h e  Four  Beat  

rhy thm i s  j u d g e d  l o n o e r  t h a n  t he  F i v e  Be a t  r h y t h m .  By d e t e r m i n i n g  the  

a v e r a g e  d e v i a t i o n  f rom t h e  "same d u r a t i o n "  v a l u e  ( i e .  4 . 0 0 ) ,  i t  was 

a l s o  d e t e r m i n e d  t h a t  t h e  Four  Bea t  rhy thm was  j u d g e d  s i g n i f i c a n t l y  

l o n g e r  t h a n  a same j udgment  <F = 3 . 3 3 ,  p < . 0 1 ) .  The two c o n t r o l  

c o n d i t i o n s ,  namely F o u r - F o u r  and F i v e - F i v e  Bea t  p a i r s ,  a r e  q u i t e  

o r d e r l y  in t h a t  p a t t e r n s  c o n t a i n i n g  t h e  same rhy thm do no t  

s i g n i f i c a n t l y  d i f f e r  f rom one a n o t h e r  nor  f rom a  j udgment  o f  "same 

d u r a t  i o n * .
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A s e co n d  i s s u e  in which  t h e s e  t h r e e  mo de l s  al  1 d i f f e r  -from one 

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

d i f f e r e n t  l e v e l s  o f  r hy t hm p a i r s .  By l o o k i n g  a t  T a b l e  1,  n o t i c e  t h a t  

t he  M i s s i n g  Bea t  h y p o t h e s i s  d o e s n ' t  p r e d i c t  any e f f e c t  of  r u l e s  -  Four  

Bea t  m e l o d i e s  s h o u l d  a l w a y s  be j u d g e d  l o n g e r  t h a n  F i v e  Beat  m e l o d i e s ,  

r e g a r d l e s s  of  r u l e  s t r u c t u r e .  The Average  Ac c e n t  h y p o t h e s i s ,  on t he  

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

r hy t hm p a i r s .  A l t h ou gh  r u l e  and n o - r u l e  m e l o d i e s  of  t h e  Four  Beat  

r hy t hm s h o u l d  n o t  d i f f e r ,  Rule  F i ve  Bea t  m e l o d i e s  s h o u l d  be j u d g e d  

s h o r t e r  t h a n  NoRule F i v e  Bea t  m e l o d i e s ,  F u r t h e r ,  Rule Four  Beat  

m e l o d i e s  s h o u l d  be j u d g e d  l o n g e r  t h a n  Rule  F i v e  Be a t  m e l o d i e s  w h i l e  

t h e  r e v e r s e  s h o u l d  be t r u e  f o r  NoRule m e l o d i e s .  The 

i n f o r m a t i o n - p r o c e s s i n g  m o de l s  a l s o  p r e d i c t  an i n t e r a c t i o n  bu t  i t s  

n a t u r e  i s  q u i t e  d i f f e r e n t .  The Rule  Four  Bea t  m e l o d i e s  c o n t a i n  t he  

f e w e s t  number  o f  c h un ks  and s h o u l d  be j u d g e d  s h o r t e r  when p a i r e d  w i t h  

any o t h e r  me lody  ( i e .  Rule  F i ve  Be a t  m e l o d i e s  and t he  NoRule m e l o d i e s  

of  b o t h  r h y t h m s ) .  The NoRule m e l o d i e s  o f  b o t h  r h y t h m s  c o n t a i n  t he  

mos t  c h u n k s  and s h o u l d  be j u d g e d  l o n g e r  t ha n  o t h e r  m e l o d i e s ,  b u t  no t  

d i f f e r e n t  f rom one a n o t h e r .

As T a b l e  <5 i l l u s t r a t e s ,  a r u l e  x rhy thm i n t e r a c t i o n  was  o b t a i n e d  

in t h i s  e x p e r i m e n t  <F 6 , 2 40  = 5 . 6 3 ,  p < . 0 0 0 1 ,  NSt = . 1 0 3 ) .  The n a t u r e  

of  t h i s  i n t e r a c t i o n ,  howeve r ,  d i d  no t  u n i f o r m l y  s u p p o r t  any one 

h y p o t h e s i s .  By c o m p a r i n g  t h e  r hy t hm p a i r s  o f  F o u r - F i v e  v e r s u s  

F i v e - F o u r  B e a t ,  n o t i c e  t h a t  Four  Bea t  m e l o d i e s  a r e  a l w a y s  j u d g e d  

l o n g e r  t h a n  F i ve  Bea t  m e l o d i e s  r e g a r d l e s s  of  r u l e  s t r u c t u r e  ( a l l
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B o n f e r r o n i  p o s t  h oe s  s i g n i f i c a n t  a t  . 0 1 ) .  T h i s  i s  c o n t r a r y  t o  

p r e d i c t i o n s  of  b o t h  t he  Average  Accen t  P e r i o d  and 

I n f o r m a t i o n - P r o c e s s i n g  h y p o t h e s e s .  I n s t e a d ,  i t  s u p p o r t s  t he  M i s s i n g  

Bea t  h y p o t h e s i s .  Now c o n s i d e r  t he  m e l o d i e s  w i t h i n  t he  F o u r -F o u r  Beat  

v e r s u s  t he  F i v e - F i v e  Beat  rhythm c o n d i t i o n s .  C o n s i s t e n t  a g a i n  w i t h  t he  

M i s s i n g  Beat  h y p o t h e s i s ,  p a t t e r n s  c o n t a i n i n g  the  same rhy thm a r e  

j u d g e d  a s  e q u i v a l e n t  in d u r a t i o n .  The one anomaly o c c u r s  in t he  F i ve  

Beat  c o n d i t i o n  where  the  n o - r u l e  p a t t e r n  i s  j u d g e d  l o n g e r  t han  the  

r u l e  melody <F = 4 . 6 7 ,  p < . 0 1 ) .  A s i g n i f i c a n t  group x r u l e  i n t e r a c t i o n  

<F 2 , 80  = 6 . 0 1 ,  p < . 0 0 04 ,  MSe = .126)  s u g g e s t s  t h a t  t h i s  anomaly a r i s e s  

f rom m e l o d i c  i n s t a n c e  e f f e c t s .  As shown in T a b l e  7 ,  Group B j udge d  

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

Group A j u d g e d  t h e  two a s  e q u i v a l e n t  in d u r a t i o n .  These  m e l o d i c  

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

e f f e c t  <F 2 , 80  -  5 . 5 2 ,  p < , 0 0 6 ,  MSe = . 1 2 6 ) .  As t h e  row means of  Tab l e  

6 show,  t he  n o - r u l e  p a t t e r n  i s  j u d g e d  l o n g e r  when p r e c e d e d  by a r u l e  

p a t t e r n .  The o t h e r  two l e v e l s  o f  p a t t e r n  p a i r s ,  however ,  a r e  j u dg e d  

a s  e q u i v a l e n t  in d u r a t i o n .

In an a t t e m p t  t o  i s o l a t e  t he  anomaly w i t h i n  t he  5 - 5  Beat  

c o n d i t i o n  o f  Group B, t he  mean j u d g e d  d u r a t i o n  f o r  each  i n d i v i d u a l  

p a t t e r n  p a i r i n g  was d e t e r m i n e d .  T h i s  a n a l y s i s  r e v e a l e d  t h a t  t he  

e f f e c t  a r i s e s  f rom two s o u r c e s :  a)  t he  p a i r i n g  of  t he  r u l e - b a s e d  

melody <R1B) w i t h  i t s  c o n t o u r  c o n t r o l  <NR1B) and b)  t he  p a i r i n g  of  the 

r u l e  melody <R4B) w i t h  i t s  c o n t o u r  c o n t r o l  <NR4B). In bo t h  c a s e s ,  t he  

n o - r u l e  c o n t o u r  c o n t r o l  melody i s  j u d g e d  s i g n i f i c a n t l y  l o n g e r  t ha n  i t s
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TABLE 7

MEAN JUDGED DURATION FOR PATTERN PAIRS IN EXPERIMENT IB 
AS A FUNCTION OF MELODIC INSTANCE GROUP.

RHYTHM PAIRS

RULE -  NORULE -  RULE
NORULE RULE RULE MEANS

P
A
T
T
E
R
N

P
A
I
R
S

GROUP A

GROUP B

MEANS

3 . 9 7 3 . 9 0 4 . 0 5

3 . 9 5 3 . 9 3

3 . 8  <6 3 . 9 2 3 . 9 9

3 . 9 7

3 . 8 8
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p r e c e d i n g  r u l e  me l o d y .  I t  i s  n o t  known a t  t h i s  t ime why t h i s  r e s u l t  i s  

o b t a i n e d .  By e xa m i n i n g  the  means  -for t h e  r e m a i n i n g  p a t t e r n  p a i r i n g s ,  

however ,  t he  d a t a  a p p e a r s  q u i t e  o r d e r l y .

Pi s c u s s i  on

The o v e r a l l  p a t t e r n  o-f r e s u l t s  o b t a i n e d  in t h i s  e x p e r i m e n t  seem 

t o  most  s t r o n g l y  s u p p o r t  t he  M i s s i n g  Beat  H y p o t h e s i s .  M e l o d i e s  

c o n t a i n i n g  a Four  Bea t  rhythm were  c o n s i s t e n t l y  j u dg e d  l o n g e r  than  

t h o s e  c o n t a i n i n g  a F i ve  Beat  r hy t hm.  A l t hough  the  Average  Accen t  

P e r i o d  H y p o t h e s i s  p r e d i c t e d  t h i s  same f i n d i n g ,  i t s  p r e d i c t e d  e f f e c t s  

of  m e l o d i c  r u l e s  upon r h y t h mi c  s t r u c t u r e  d i d  no t  emerge .  The p r e s e n c e  

or  a b s e n ce  o f  m e l o d i c  r u l e s ,  in f a c t ,  had l i t t l e  e f f e c t  upon j u d ge d  

d u r a t i o n .  The one e x c e p t i o n  o c c u r r e d  in the  F i v e - F i v e  Beat  c o n d i t i o n  

where  a n o - r u l e  me lody  was j u dg e d  l o n g e r  t han  a r u l e  me l ody .  T h i s  

r e s u l t ,  though c o n s i s t e n t  w i t h  bo t h  the  Average  Accen t  and 

i n f o r m a t i o n - p r o c e s s i n g  mo d e l s ,  does  n o t  a ppe a r  t o  be a r e l i a b l e  one in 

t h a t  i t  o n l y  o c c u r r e d  w i t h  two i n s t a n c e s  of  Group B m e l o d i e s .

Thes e  r e s u l t s  t h e n  do s u g g e s t  t h a t  rhythm h a s  a more c r i t i c a l  

impact  upon j u d g e d  d u r a t i o n  t han  m e l o d i c  r u l e  s t r u c t u r e .  C o n t r a r y  t o  

t he  Average  A c c e n t  H y p o t h e s i s ,  p e r c e i v e r s  do no t  seem t o  use  m e l o d i c  

a c c e n t s  ( a t  l e a s t  a s  t h e y  have been d e f i n e d  h e r e )  a s  m a r k e r s  f o r  

t empora l  i n t e r v a l s .  I n s t e a d ,  t he  r h y t h m i c  b e a t s  of  a melody a r e  

a p p a r e n t l y  m i r r o r e d  w i t h i n  an o r g an i s m and a r e  used  a s  an e x p e c t e d  

r e f e r e n t  t o  e s t i m a t e  r e l a t i v e  d u r a t i o n .  These  b e a t s  a r i s e  b o t h  f rom 

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

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



11?

T h i s  v i ew o f  rhy thm and i t s  e f f e c t  upon j u d g e d  d u r a t i o n  i s  q u i t e  

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

A c c o r d i n g  t o  t h e s e  m o d e l s ,  r hy t hm s e r v e s  t o  s egment  a me lody i n t o  

d i s c r e t e  c h un ks  t h a t  mus t  be c o g n i t i v e l y  c o n c a t e n a t e d .  I f  t empora l  

a c c e n t s  c o i n c i d e  w i t h  t h e  m e l o d i c  a c c e n t s  o f  a r u l e  me l o dy ,  t h e n  a 

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

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

l a c k  a m e l o d i c  r u l e  s t r u c t u r e ,  code c o m p l e x i t y  w i l l  p r e s um a b l y  

i n c r e a s e  a s  w e l l  a s  j u d g e d  d u r a t i o n .  T h i s  v i e w ,  howeve r ,  was  n o t  

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

m e l o d i e s  w i t h  a c o m p a t i b l e  Four  Be a t  rhy thm were  j u d g e d  more s i m p l e  in 

E x p e r i me n t  l a ,  t h e s e  m e l o d i e s  were  j u d g e d  1o noe r  , n o t  s h o r t e r ,  t h a n  

t h o s e  w i t h  an i n c o m p a t i b l e  F i ve  Bea t  r h y th m.  F u r t h e r ,  n o - r u l e  m e l o d i e s  

were  n o t  a l w a y s  j u d g e d  l o n g e r  t h a n  r u l e  m e l o d i e s  -  i n s t e a d ,  d u r a t i o n  

j u d g m e n t s  depe n d e d  upon t h e  number  of  r h y t h mi c  b e a t s  a s s o c i a t e d  w i t h  a 

g i v e n  me l ody .

A l t h o u g h  r e s u l t s  of  t h i s  f i r s t  e x p e r i m e n t  were  g e n e r a l l y  

c o n s i s t e n t  w i t h  t h e  M i s s i n g  Bea t  H y p o t h e s i s ,  t h e  one e f f e c t  o f  m e l o d i c  

r u l e  s t r u c t u r e  w i t h i n  t he  F i v e - F i v e  Bea t  c o n d i t i o n  c o u l d  be c i t e d  a s  

p a r t i a l  e v i d e n c e  f o r  t h e  o t h e r  two h y p o t h e s e s .  In a d d i t i o n ,  t he  

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

p r o b l e m s .  F i r s t ,  n o t i c e  t h a t  t h e  m i s s i n g  t o n e s  w i t h i n  t he  p a u s e s  of  

t he  Four  Bea t  r hy th m,  shown in T a b l e  2 ,  o c c u r  w i t h  a t empora l  

p e r i o d i c i t y  o f  250 ms.  In c o n t r a s t ,  t he  m e l o d y ' s  a c t u a l  t o n e s  o c c u r  

w i t h  a p e r i o d i c i t y  o f  300 ms .  I d e a l l y ,  t he  t empora l  p e r i o d i c i t y  of
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m i s s i n g  t o n e s  s h o u l d  match t h a t  o-f a c t u a l  t o n e s  -  a s  i s  t r u e  w i t h i n  

t h e  F i ve  Beat  r h y t h m .  Al t h o u g h  i t  i s  n o t  c l e a r  how t h i s  con-founding 

may have a-f-fected t he  p r e s e n t  s e t  o-f r e s u l t s ,  t he  t empora l  p e r i o d i c i t y  

o-f b e a t s  s h o u l d  be k e p t  c o n s t a n t  b o t h  w i t h i n  and between r hy t h m s .  

Second ,  one c o u l d  a r gue  t h a t  n o - r u l e  m e l o d i e s ,  though l a c k i n g  i n t e r v a l  

p r e d i c t a b i l i t y ,  d i d  c o n t a i n  a p r e d i c t a b l e  c o n t o u r  ( p a t t e r n  o-f ups  and 

downs in p i t c h ) .  The c o n t o u r  o-f t h e s e  m e l o d i e s  was in -fact  i d e n t i c a l  

t o  a c o r r e s p o n d i n g  r u l e  me lody and as  s een  in F i g u r e  2 ,  was o f t e n  

sy mme t r i c a l  in s h a p e .  A l i s t e n e r  may have g rouped  t o n e s  on t he  b a s i s  

o-f c o n t o u r  d i r e c t i o n  and ,  i f  s o ,  t h e s e  n o - r u l e  m e l o d i e s  d i d  not  

c o n t a i n  12 p s y c h o l o g i c a l  chunks  a s  c l a i m e d  e a r l i e r .  In s h o r t ,  t he  

chunk s i z e  o f  n o - r u l e  m e l o d i e s  c a n n o t  be p r e c i s e l y  s p e c i f i e d  and so 

t he  i n f o r m a t i o n - p r o c e s s i n g  mode l s  may have been u n f a i r l y  e v a l u a t e d  by 

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

Expe r i men t  Two

A s econd  e x p e r i m e n t  was t h e r e f o r e  d e s i g n e d  t o  t e s t  t h e  same s e t

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

p a r t i c u l a r ,  a l 1 m e l o d i e s  were  g e n e r a t e d  f rom m u s i c a l  r u l e s  and so 

c o m p l e x i t y  was  o n l y  d e f i n e d  in t e rms  o f  t he  c o m p a t i b i l i t y  or  

i n c o m p a t i b i l i t y  o f  m e l o d i c  and t empora l  a c c e n t s .  S i nce  n o - r u l e  

m e l o d i e s  have been e l i m i n a t e d ,  t h i s  s h o u l d  p r o v i d e  a more f a i r

e v a l u a t i o n  o f  t he  i n f o r m a t i o n - p r o c e s s i n g  mo de l s .  As b e f o r e ,  a l l

m e l o d i e s  c o n t a i n e d  12 t o n e s  b u t  h e r e ,  p a t t e r n s  were g e n e r a t e d  from a 

t h r e e  tone argument  or  a f o u r  t one  a r g u me n t .  By o r t h o g o n a l l y  c r o s s i n g  

t h e s e  two t y p e s  o f  m e l o d i e s  w i t h  a c o m p a t i b l e  and i n c o m p a t i b l e  rhy thm,
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■four p a t t e r n s  o f  m e l o d i c  <m> and t e mpor a l  <t> a c c e n t  s t r u c t u r e s  

r e s u l t .  They  a r e  d e p i c t e d  in F i g u r e  3 .  Assuming t h a t  t h e  t empora l  

p e r i o d i c i t y  o r  SOA of  a t o n e  i s  a l wa y s  180 ms.  t h r o u g h o u t  a l l  

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

o f  a c t u a l  <12) and  i m p l i e d  <6) t o n e s  ( a c t u a l  t o n e s  a r e  i n d i c a t e d  by 

d i g i t s  1 - 1 2 ) .  When t empora l  a c c e n t s  a r e  c o n s i d e r e d  in c o n j u n c t i o n  

w i t h  m e l o d i c  a c c e n t s ,  n o t i c e  a l s o  t h a t  t he  f i r s t  two c o n d i t i o n s  

c o n t a i n  c o m p a t i b l e  a c c e n t  s t r u c t u r e s  in t h a t  ( t )  and (m) c o i n c i d e .

The l a t t e r  two p a t t e r n s ,  howeve r ,  c o n t a i n  c o n f l i c t i n g  a c c e n t  

s t r u c t u r e s .  I f  one now o r t h o g o n a l l y  combines  t h e s e  f o u r  p a t t e r n  t y p e s  

i n t o  a l l  p o s s i b l e  s t a n d a r d - c o m p a r i s o n  p a i r s ,  16 c o n d i t i o n s  r e s u l t  a s  

shown in T a b l e  8 .  T h e s e  16 c o n d i t i o n s  d i s p l a y  a d i f f e r e n t  s e t  o f  

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

c o n s i d e r  t h e  h y p o t h e s e s  t h a t  g e n e r a t e  f rom t he  Rhythmic A t t e n d i n g  

T h e o r y .

M i s s i n g  Bea t  H y p o t h e s i s

T h i s  v iew as sumed t h a t  p e o p l e  use  t h e  t o t a l  number of  r h y t h m i c  

b e a t s  w i t h i n  a  s t a n d a r d  p a t t e r n  a s  an e x p e c t e d  r e f e r e n t .  A compar i son  

p a t t e r n  c o n t a i n i n g  a f ewe r  number o f  b e a t s  w i l l  a p p e a r  t o  end 

r e l a t i v e l y  e a r l y  and w i l l  t h e r e f o r e  seem s h o r t e r .  A p a t t e r n  w i t h  a 

g r e a t e r  number o f  b e a t s  w i l l  seem l o n g e r  w h i l e  one w i t h  t h e  same 

number  o f  b e a t s  a s  t h e  r e f e r e n t  w i l l  a p p e a r  t o  have  t h e  same d u r a t i o n .

In c o n t r a s t  t o  t h e  f i r s t  e x p e r i m e n t ,  t h e  F i v e  and Seven Beat  

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

t h e  same number  of  a c t u a l  and i m p l i e d  t o n e s .  T h u s ,  t h i s  h y p o t h e s i s
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I . THREE TONE ARGUMENT - FIVE BEAT RHYTHM

tm
900 ms

tm
900 ms

tm
900 ms

tm
X X X X X X X X X X X X X X X X X X
1 2 3 4 5 6 7 8 9 10 11 12

11 . FOUR TONE ARGUMENT -  SEVEN TONE ARGUMENT

tm
1260 ms

tm
1260 ms

tm
X X X X X X X X X X X X X X X X X X
1 2 3 4 5 6 7 8 9 10 11 12

I I I . FOUR TONE ARGUMENT - FIVE BEAT RHYTHM

900 ms 180 ms 720 ms 360 ms 540 ms
tm t  m t m t
X X X X X X X X X X X X X X X X X X
1 2 3 4 5 6 7 8 9 10 11 12

IV. THREE TONE ARGUMENT - SEVEN BEAT RHYTHM

tm
540 ms

m
720 ms 360 ms 

t  m
900 ms 180 ms 

t m
X X X X X X X X X X X X X X X X X X
1 2  3 4 5 6 7 8 9 10 11 12

FIGURE 3 .  THE FOUR CONDITIONS OF EXPERIMENT TWO WHERE PATTERNS CONTAIN 
A MELODIC ARGUMENT OF THREE OR FOUR TONES AND A FIVE OR 
SEVEN BEAT RHYTHM. THE FIVE BEAT RHYTHM IS COMPATIBLE 
WITH A THREE TONE ARGUMENT AND THE SEVEN BEAT RHYTHM IS 
COMPATIBLE WITH A FOUR TONE ARGUMENT. ASSUME THAT THE 
SOA BETWEEN EACH TONAL EVENT IN ALL PATTERNS IS 180 MS.
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TABLE 8

EXPERIMENTAL DESIGN OF EXPERIMENT 2.

SECOND PATTERN

FOUR-TONE THREE-TONE THREE-TONE FOUR-TONE 
SEVEN-BEAT FIVE-BEAT SEVEN-BEAT FIVE-BEAT

FOUR 
TONE -  
SEVEN 
BEAT

F
I THREE 
R TONE -  
S FIVE 
T BEAT

P THREE 
A TONE -  
T SEVEN 
T BEAT 
E
R FOUR 
N TONE -  

FIVE 
BEAT
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p r e d i c t s  t h a t  a l l  p a t t e r n s  s h o u l d  be j u d g e d  a s  e q u i v a l e n t  in d u r a t i o n ,  

r e g a r d l e s s  o-f t h e i r  m e l o d i c  and t empora l  a c c e n t  in<compat  ibi  1 i t y ) . 

The r e  s h o u l d  be no s i g n i f i c a n t  main e f f e c t s  or  i n t e r a c t i o n .

Average  Accen t  P e r i o d  H y p o t h e s i s

In c o n t r a s t  t o  t he  p r e v i o u s  h y p o t h e s i s ,  t h i s  model assumes  t h a t  

p e o p l e  use  a m e l o d y ' s  t empora l  and m e l o d i c  a c c e n t  s t r u c t u r e  in 

d u r a t i o n  j u d g m e n t s .  S p e c i f i c a l l y ,  a p e r c e i v e r  p r es umab l y  a t t e n d s  t o  

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

a v e r a g e  d u r a t i o n  a s  t h e  r e f e r e n t  f o r  b e h a v i o r .  As seen  in Ta b l e  9 ,  

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

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

i n c o m p a t i b l e  m e l o d i e s  whose a c c e n t  p e r i o d s  a r e  b o t h  s h o r t e r  and more 

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

m e l o d i e s  of  t h i s  e x p e r i m e n t  w i l l  be j u d g e d  as  e q u i v a l e n t  in d u r a t i o n  

b u t  t h a t  t he  Th r ee  T o ne - F i v e  Beat  melody w i l l  be j u d g e d  s h o r t e r  than  

t he  Four  Tone-Seven  Bea t  me l ody .

I n f o r m a t i o n - P r o c e s s i n o  Models

T h i s  c l a s s  of  mode l s  assumes  t h a t  t he  t empora l  a c c e n t s  of  a 

rhy thm s e r v e  t o  p a r s e  a melody i n t o  chunks  of  i n f o r m a t i o n .  As seen  in 

T a b l e  9 ,  m e l o d i e s  w i t h  c o n f l i c t i n g  t empora l  and m e l o d i c  a c c e n t s  

c o n t a i n  a g r e a t e r  number of  chu n k s .  They s h o u l d  t h e r e f o r e  be j u d g e d  

1onoer  t ha n  more s imp l e  m e l o d i e s  w i t h  c o m p a t i b l e  a c c e n t s .  In 

a d d i t i o n ,  Th r ee  T o n e - F i v e  Beat  m e l o d i e s  s h o u l d  be j u d g e d  l o n g e r  than  

Four  Tone-Seven  Beat  m e l o d i e s  w h i l e  no d i f f e r e n c e  s h o u l d  be o b t a i n e d  

w i t h  t h e  two i n c o m p a t i b l e  m e l o d i e s .
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TABLE 9

"COMPLEXITY“ VALUES FOR PATTERNS IN EXPERIMENT 2 AS 
CONTRASTED BY THE MISSING BEAT, AVERAGE ACCENT PERIOD, 
AND INFORMATION-PROCESSING HYPOTHESES.

NUMBER MEAN ACCENT NUMBER
CONDITION___________________ OF BEATS PERIOD DURATION OF CHUNKS

THREE TONE- FIVE BEAT 18 900 ms.  4
(COMPATIBLE RHYTHM)

THREE TONE-SEVEN BEAT 18 540 ms.  6
(INCOMPATIBLE RHYTHM)

FOUR TONE-SEVEN BEAT 18 1260 ms.  3
(COMPATIBLE RHYTHM)

FOUR TONE-FIVE BEAT 18 540 ms.  6
(INCOMPATIBLE RHYTHM)
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To a s s e s s  t h e s e  v a r i o u s  h y p o t h e s e s ,  t h e  - fo l l owi ng  e x p e r i m e n t  was 

c o n d u c t e d .

Method

Des ion  and S u b j e c t s

The d e s i g n  was  a 2 x 2 x 4 x 4 x 4  mi xed  - f a c t o r i a l .  Four  l e v e l s  

o-f r hy t hm p a i r s  < F i v e - F i v e  B e a t ;  Se ve n - Se ve n  B e a t ;  F i v e - S e v e n  B e a t ;  

S e v e n - F i v e  B e a t )  we re  c r o s s e d  w i t h  -four l e v e l s  o-f m e l o d i c  argument  

p a i r s  < T h r e e - T h r e e ; F o u r - F o u r ;  T h r e e - F o u r ;  F o u r - T h r e e ) ,  two l e v e l s  o f  

t o t a l  d u r a t i o n  ( S h o r t ,  Lo n g ) ,  and f o u r  l e v e l s  o f  m e l o d i c  i n s t a n c e .

Two l e v e l s  o f  c o u n t e r b a l a n c e  o r d e r  ( I ,  I I )  was t h e  s i n g l e  

b e t w e e n - s u b j e c t s  f a c t o r .

T we n t y - t wo  u n d e r g r a d u a t e s  were  r e c r u i t e d  f rom t h e  e n r o l l m e n t s  of  

I n t r o d u c t o r y  P s y c h o l o g y ,  each  h a v i n g  f o u r  y e a r s  o f  m u s i c a l  e x p e r i e n c e  

w i t h i n  t h e  p a s t  s i x  y e a r s .  E l ev e n  s u b j e c t s  were  r andoml y  a s s i g n e d  t o  

each  c o u n t e r b a l a n c e  o r d e r .

St  i mulus  M a t e r  i a l s

A t o t a l  of  e i g h t  m e l o d i c  p a t t e r n s  were  c o n s t r u c t e d  f rom the  s e t  

of  m u s i c a l  r u l e s  d e s c r i b e d  by J o n e s  ( 1 9 8 1 b ) .  Each c o n t a i n e d  12 s q u a r e  

wave t o n e s  f rom n o t e s  of  t h e  C m a j o r  d i a t o n i c  s c a l e ,  b u t  h a l f  were  

g e n e r a t e d  f rom a t h r e e  t one  a rgument  (C4 D4 E4 o r  C5 34 A4) w h i l e  t he  

r e m a i n d e r  we re  b a s e d  on a f o u r  t one  a rgumen t  (C4 D4 E4 F4 o r  C5 B4 A4 

G 4 ) . Al l  p a t t e r n s  a r e  d e p i c t e d  in F i g u r e  4 .

Al l  e i g h t  m e l o d i c  i n s t a n c e s  were  c r o s s e d  w i t h  two t y p e s  of  

r h y t h m .  A F i v e  Bea t  r h y t h m ,  c o m p a t i b l e  w i t h  m e l o d i e s  b a s e d  on a t h r e e  

t o n e  a r g u m e n t ,  c o n t a i n s  a pause  a f t e r  e v e r y  t h i r d  t o n e .  T h i s  in
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THREE TONE ARGUMENT MELODIES FOUR TONE ARQUMENT MELODIES

T 2

t T e a o f c b a e d T "
n ft fi n

F2

T ’ d e f a g f e c b a o
n i» n

T3

C B A D E F B A G E D C  
ii n n n

F3

C B A O D E F O B A O F  
n m n

T4

 *  -------------C B A E F G C D E A B C  
n  n  I* n

£1.

C B 
ra

A O E F O A C D E F

FIGURE 4 .  MELODIES USED IN EXPERIMENT 2 .  THE MELODIC ACCENTS <n> 
INDICATE PO INTS OF HU 8ICA L RULE TRANSFORMATIONS.
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e f f e c t  r e s u l t s  in 2 i mp l i e d  b e a t s  be tween s e r i a l  p o s i t i o n s  3 - 4 ;  6 - 7 ;  

and 9-10  o f  a l l  p a t t e r n s .  A Seven Beat  rhythm i s  c o m p a t i b l e  w i t h  

m e l o d i e s  b a s ed  on a f o u r  t one  a rgument  s i n c e  i t  c r e a t e s  a pause  a f t e r  

e v e r y  f o u r t h  t o n e .  The d u r a t i o n  of  t h e s e  p a u s e s  i s  such t h a t  t h r e e  

i m p l i e d  b e a t s  occur  between s e r i a l  p o s i t i o n s  4 - 5  and 8 - 9 .  For both  

r h y t h m s ,  t h e n ,  t he  number of  i m p l i e d  ( and  a c t u a l )  b e a t s  i s  e q u a t e d .

L a s t l y ,  a l l  r h y t h m i c - m e l o d i c  p a t t e r n s  were  c r o s s e d  w i t h  two 

d i f f e r e n t  t o t a l  d u r a t i o n s  t o  y i e l d  32 e x p e r i m e n t a l  p a t t e r n s .  T a b l e  10 

d e p i c t s  t h e  F i ve  Bea t  and Seven Beat  r hy t hms  a t  b o t h  t he  s h o r t  ( t o t a l  

t ime = 3240 m s . )  and l ong  d u r a t i o n s  (4860 m s . ) .  The r a t i o n a l e  f o r  

u s i n g  two d i f f e r e n t  t o t a l  d u r a t i o n s  was t h r e e - f o l d :  F i r s t ,  i t  e x t e n d s

the  g e n e r a l i z a b i 1 i t y  of  o b t a i n e d  r e s u l t s  ( i f  no d i f f e r e n c e  in d u r a t i o n  

i s  o b s e r v e d ) ;  Second ,  s i n c e  p a t t e r n s  w i t h i n  a p a i r  a r e  e q u i v a l e n t  in 

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

d u r a t i o n s  a r e  u s e d ;  T h i r d ,  t he  usage  of  two d u r a t i o n s  a l l o w s  a 

p a r t i c u l a r  p a t t e r n  t o  be p r e s e n t e d  a s e c o n d  t i me  f o r  p u r p o s e s  of  

s t a t i s t i c a l  r e l i a b i l i t y .

These  32 p a t t e r n s  were  t he n  p a i r e d  w i t h  one a n o t h e r  such t h a t  128 

e x p e r i m e n t a l  t r i a l s  r e s u l t e d .  Me l od i c  i n s t a n c e  (1 o r  2 ) ,  i n i t i a l  tone  

(C4 or  C5) ,  and t o t a l  d u r a t i o n  of  a p a t t e r n  ( l o n g  or  s h o r t )  was a l ways  

t he  same a c r o s s  s t a n d a r d  and compar i s on  members of  a p a i r .  P a t t e r n s  

w i t h i n  a p a i r ,  however ,  may or  may n o t  v a r y  in a c c e n t  c o m p a t i b i l i t y .

By combi n i ng  the  16 c o n d i t i o n s  o f  T a b l e  8 w i t h  t h e  two t o t a l  d u r a t i o n s  

and f o u r  m e l o d i c  i n s t a n c e s ,  128 e x p e r i m e n t a l  t r i a l s  a r e  y i e l d e d .  Two 

r an d o mi ze d  b l o c k s  of  64 t r i a l s  were  g e n e r a t e d  and t h u s  r e s u l t e d  in one
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TABLE 10

THE TWO RHYTHMS OF EXPERIMENT 2 AT THE SHORT DURATION 
<TOTAL TIME = 3240 MS) AND LONG DURATION <T0TAL TIME = 4860 MS).

SHORT DURATION

FIVE BEAT RHYTHM SEVEN BEAT RHYTHM

Tonal On Off Tonal On 0-f-f
Even t T ime Time Event T ime T ime

1 120 60 1 120 60
2 120 60 2 120 60
3 120 420 3 120 60
4 120 60 4 120 600
5 120 60 5 120 60
6 120 420 6 120 60
7 120 60 7 120 60
B 120 60 8 120 600
9 120 420 9 120 60
10 120 60 10 120 60
11 120 60 11 120 60
12 120 60 12 120 60

FIVE BEAT RHYTHM

LONG DURATION

SEVEN BEAT RHYTHM

Tonal On Off Tonal On Off
Even t T ime T ime Event T ime Time

1 180 90 1 180 90
2 180 90 2 180 90
3 180 630 3 180 90
4 180 90 4 180 900
5 180 90 5 180 90
6 180 630 6 180 90
7 180 90 7 180 90
8 180 90 B 180 900
9 180 630 9 180 90
10 180 90 10 180 90
11 180 90 11 180 90
12 180 90 12 180 90
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p r e s e n t a t i o n  o-f each  s t i m u l u s  p a i r  -for a g i ve n  s u b j e c t .

A p p a r a t u s  and  P r o c e d u r e

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

R e s u l t s

T a b l e  11 d e p i c t s  t he  mean j udge d  d u r a t i o n  a s  a - funct ion o-f the  

- f i r s t  and s e c o nd  p a t t e r n  p r e s e n t e d  w i t h i n  a p a i r .  By combin ing  

m e l o d i c  a rgument  s i z e  ( Th r e e  v s .  Four  Tones )  w i t h  rhythm ( F i v e  v s .  

Seven B e a t ) ,  t he  -four p a t t e r n  t y p e s  r e - f l e c t  d i f f e r e n c e s  in me l o d i c  and 

t empora l  a c c e n t  c o m p a t i b i l i t y .  As in t h e  l a s t  e x p e r i m e n t ,  s c o r e s  f rom 

the  d u r a t i o n  r e s p o n s e  s c a l e  were  c o n v e r t e d  i n t o  v a l u e s  r a n g i n g  f rom 1 

t o  7 where  4 d e n o t e s  t h a t  bo t h  p a t t e r n s  were  j u d g e d  a s  t he  "same* 

d u r a t i o n ;  v a l u e s  l e s s  t ha n  4 i n d i c a t e  t h a t  t he  s econd  p a t t e r n  was 

j u d g e d  l o n g e r ;  and v a l u e s  g r e a t e r  t han  4 i n d i c a t e  t h a t  t he  s econd  

p a t t e r n  was  j u d g e d  s h o r t e r .  S i nc e  c o u n t e r b a l a n c e  o r d e r ,  t o t a l  

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

s i g n i f i c a n c e ,  t h e  means  of  T a b l e  11 a r e  c o l l a p s e d  over  t h e s e  

v a r  i a b l e s .

The e a s i e s t  way t o  summar ize  t h e s e  r e s u l t s  i s  t o  s a y  t h a t  n o t h i n g  

hap p e n e d .  T h e r e  were no main e f f e c t s  f o r  t he  v a r i a b l e s  of  rhythm p a i r  

and m e l o d i c  a rgument  p a i r  no r  any i n t e r a c t i o n  between t h e s e  two 

v a r i a b l e s .  T h i s  n u l l  p a t t e r n  o f  r e s u l t s  s u p p o r t s  one model g e n e r a t e d  

f rom Rhythmic A t t e n d i n g  T h e o r y ,  t he  M i s s i n g  Beat  H y p o t h e s i s .  S i nce  

a l l  p a t t e r n s  had an i d e n t i c a l  number of  b e a t s ,  t h e y  were  j u dg e d  as  

e q u i v a l e n t  in d u r a t i o n .  The i m p l i c a t i o n s  of  t h i s  model f o r  t he  s t u d y  

o f  j u d g e d  d u r a t i o n  w i l l  be c o n s i d e r e d  n e x t .
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TABLE 11

MEAN JUDGED DURATION FOR PATTERN PAIRS IN EXPERIMENT 2 AS A 
FUNCTION OF RHYTHM AND MELODIC ARGUMENT COMBINATIONS. A VALUE 
OF 4 INDICATES EQUIVALENT JUDGED DURATION; VALUES <4 INDICATE 
THE SECOND PATTERN WAS JUDGED LONGER AND; VALUES >4 INDICATE 
THE SECOND PATTERN WAS JUDGED SHORTER.

SECOND PATTERN

FOUR-TONE THREE-TONE THREE-TONE FOUR-TONE 
SEVEN-BEAT FIVE-BEAT SEVEN-BEAT FIVE-BEAT MEANS

FOUR 
TONE - 
SEVEN 
BEAT

F
I THREE 
R TONE - 
S FIVE 
T BEAT

P THREE 
A TONE - 
T SEVEN 
T BEAT 
E
R FOUR 
N TONE - 

FIVE 
BEAT

3 . 7 03 . 8 53 . 9 0

4 . 3 6 4 . 0 5

3 . 7 94 . 0 0 3 . 7 9 3 . 8 8

4 . 3 44 . 2 7

3 . 7 8

4 . 1 7

3 . 8 7

4 . 2 0

MEANS 4 . 1 3 3 . 9 4 4 . 0 2 3 . 9 4
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Genera l  D i s c u s s i o n

The p u r p o s e  o-f t h i s  c h a p t e r  was  t o  d e t e r m i n e  the  r e l a t i v e  u t i l i t y  

o-f Rhythmic A t t e n d i n g  T h e o r y  a s  an a l t e r n a t i v e  a p p r oa c h  -for s t u d y i n g  

j u d g e d  d u r a t i o n .  S i n c e  t e mp o r a l  in - fo rmat ion  i s  p r e s u m a b l y  u s e d  in 

s y n c h r o n i z a t i o n  and p e r c e i v i n g ,  i t  was  n e c e s s a r y  t o  d e t e r m i n e  w h e t h e r  

r hy t hm d o e s  in -fact  i n f l u e n c e  j u d g e d  d u r a t i o n .  Second ,  i t  was 

n e c e s s a r y  t o  examine  r h y t h m i c  e f f e c t s  f rom t h e  c o n t r a s t i n g  

p e r s p e c t i v e s  o f  Rhythmic A t t e n d i n g  and I n f o r m a t i o n - P r o c e s s i n g  Model s .  

T h r e e  mo d e l s  were  e v a l u a t e d  in a s e t  o f  two e x p e r i m e n t s .

One,  t h e  M i s s i n g  Bea t  H y p o t h e s i s ,  p r o p o s e d  t h a t  p e r c e i v e r s  use  

t h e  number of  r h y t h m i c  b e a t s  w i t h i n  an i n i t i a l  me lody a s  t h e  r e f e r e n t  

f o r  d u r a t i o n  e s t i m a t e s .  A l t h o u g h  two m e l o d i e s  may have t h e  same 

d u r a t i o n ,  one may be j u d g e d  s h o r t e r  t h a n  a n o t h e r  b e c a u s e  i t  c o n t a i n s  a 

r e l a t i v e l y  f ewer  number  o f  b e a t s .  A s econd  view s u g g e s t e d  t h a t  p e o p l e  

u s e  t h e  t i me  p e r i o d s  t h a t  a r e  marked  by b o t h  t e mpora l  and m e l o d i c  

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

w i t h i n  an e v e n t  and t o  use  t h i s  v a l u e  a s  an e x p e c t e d  r e f e r e n t  f o r  

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

i n f o r m a t i o n  w i t h i n  an e v e n t  a s  t h e  r e f e r e n t  f o r  j u d g e d  d u r a t i o n .  In 

c o n t r a s t ,  c u r r e n t  i n f o r m a t i o n - p r o c e s s i n g  m o d e l s  assume t h a t  r hy thm h a s  

a  l e s s  c r i t i a l  and a c t i v e  r o l e  in t i me  e s t i m a t e s .  A p e r c e i v e r  does  

n o t  use  r h y t h m i c  i n f o r m a t i o n  a s  a r e f e r e n t  f o r  b e h a v i o r  -  i n s t e a d ,  

t e mpor a l  and m e l o d i c  a c c e n t s  can p r o v i d e  "chunk b o u n d a r i e s  or  p o i n t s  

o f  c o g n i t i v e  c h a n g e " .  S i n c e  c h u n k s  mus t  be c o n c a t e n a t e d  and r e q u i r e  

p r o c e s s i n g  t i m e ,  e v e n t s  c o n t a i n i n g  more c hunks  w i l l  have a  more
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complex menta l  c o d e .  They w i l l  t h e r e f o r e  seem l o n g e r  t ha n  e v e n t s  w i t h  

l e s s  c h u n k s .

The two e x p e r i m e n t s  t h a t  were  c o n d uc t e d  h e r e  d i s c o u n t e d  t h i s  

l a t t e r  view and s u p p o r t e d  p r e d i c t i o n s  o-f t he  M i s s i n g  Bea t  H y p o t h e s i s .  

In Expe r i men t  One,  s u b j e c t s  j u d g e d  t he  r e l a t i v e  d u r a t i o n  o-f m e l o d i e s  

t h a t  v a r i e d  in t he  p r e s e n c e  or  abs ence  o-f m e l o d i c  a c c e n t s  ( i e .  Ru l e s  

v s .  NoRule m e l o d i e s )  and in the  < i n ) compa t  ib i  1 i t y  o-f m e l o d i c  and 

t empora l  a c c e n t s  ( F i v e  v s .  Four  Bea t  r h y t h m ) .  I n f o r m a t i o n - p r o c e s s i n g

mode l s  p r e d i c t e d  t h a t  NoRule m e l o d i e s  would  be t he  most  complex

b e c a u s e  t h e y  c o n t a i n e d  t he  mos t  c h un ks .  Rule m e l o d i e s  c o n t a i n e d  the  

■fewest number o-f c hunks  and so  t h e y  would  be t he  mos t  s i m p l e .

A l t hough  a p r e l i m i n a r y  r a t i n g  t a s k  c o n f i r m e d  t h e s e  p r e d i c t i o n s  of  

p e r c e p t u a l  c o m p l e x i t y ,  a c o m p a r a t i v e  d u r a t i o n  t a s k  found  t h a t  j u d g e d  

d u r a t i o n  was n o t  d e t e r m i n e d  by chunk number .  S i m i l a r l y ,  e s t i m a t e s  

were  u n r e l a t e d  t o  t he  a v e r ag e  d u r a t i o n  o f  a c c e n t  p e r i o d s .  C o n t r a r y  to  

bo t h  h y p o t h e s e s ,  m e l o d i c  s t r u c t u r e  had l i t t l e  e f f e c t  upon j u d g e d  

d u r a t i o n .  I n s t e a d ,  m e l o d i e s  c o n t a i n i n g  a g r e a t e r  number of  r h y t h mi c  

b e a t s  ( i e ,  Four  Beat  m e l o d i e s )  were  j u dg e d  l o n g e r  t h a n  t h o s e  w i t h  

f ewer  b e a t s  ( i e .  F i ve  Bea t  m e l o d i e s ) .  T h i s  f i n d i n g  was c o n s i s t e n t

w i t h  t h e  M i s s i n g  Bea t  H y p o t h e s i s .

A s econd  e x p e r i m e n t  r e e v a l u a t e d  the  v a r i o u s  h y p o t h e s e s  w i t h  a 

more c a r e f u l l y  c o n s t r u c t e d  s e t  of  m e l o d i e s .  He r e ,  r u l e  m e l o d i e s  were 

e i t h e r  g e n e r a t e d  f rom a t h r e e  or  f o u r  t one  argument  such  t h a t  m e l o d i c  

a c c e n t s  were e i t h e r  c o m p a t i b l e  or  i n c o m p a t i b l e  w i t h  t h e  t empora l  

a c c e n t s  of  a F i ve  or  Seven Beat  r hy t hm.  Unl i ke  the  p r e v i o u s  s t u d y ,
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t h e  two r h y t h m s  o f  t h i s  e x p e r i m e n t  were  a l s o  e q u a t e d  f o r  t h e  t o t a l  

number  o f  r h y t h m i c  b e a t s .  When t h e s e  m e l o d i e s  were  p r e s e n t e d  in a 

c o m p a r a t i v e  j udgme n t  t a s k ,  a c c e n t  i n ( c o m p a t i b i 1 i t y )  a g a i n  had  no 

e f f e c t  on j u d g e d  d u r a t i o n .  As p r e d i c t e d  by t he  M i s s i n g  Bea t  

H y p o t h e s i s ,  a l l  m e l o d i e s  were  j u d g e d  a s  e q u i v a l e n t  in d u r a t i o n .

T h e s e  two e x p e r i m e n t s  s u g g e s t  t h a t  r hy thm does  p l a y  an a c t i v e  

r o l e  in j u d g e d  d u r a t i o n .  Assuming t h a t  an e v e n t  c o n t a i n s  a 

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

a c t u a l  and  m i s s i n g  t o n e s  w i l l  be c o r r e s p o n d i n g l y  m i r r o r e d  w i t h i n  an 

o r g a n i s m  t h r o u g h  s y n c h r o n i z a t i o n .  In r e l a t i v e  d u r a t i o n  t a s k s ,  a 

p e r c e i v e r  may the n  u s e  t h e  number o f  r h y t h m i c  b e a t s  f o r  each  melody as  

t h e  r e f e r e n t  f o r  b e h a v i o r .

The r e s u l t s  r e v e a l e d  h e r e  a l s o  s u g g e s t  t h a t  t he  p i c k u p  of  

r h y t h m i c  b e a t s  i s  u n a f f e c t e d  by t h e  i n t c o m p a t i b i 1 i t y )  o f  m e l o d i c  and 

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

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

On t h e  o t h e r  h a n d ,  t h e  p o t e n t i a l  impact  o f  m e l o d i c  a c c e n t s  upon j u d g e d  

d u r a t i o n  s h o u l d  n o t  be p r e m a t u r e l y  d i s c o u n t e d .  A l t h ou gh  m e l o d i c  

a c c e n t s  may n o t  a f f e c t  t h e  f i r s t  r o l e  of  r h y t h m ,  t h a t  of  

s y n c h r o n i z a t i o n ,  t h e y  a r e  c o n s i d e r e d  e s s e n t i a l  in t h e  s ec o n d  r o l e  of  

r hy t hm -  t h a t  o f  g e n e r a t i n g  e x p e c t a n c i e s .  As we d i s c u s s e d  in p r e v i o u s  

c h a p t e r s ,  a  l a w f u l  r e l a t i o n s h i p  be t ween  m e l o d i c  and t empora l  a c c e n t s  

p r e s u m a b l y  a l l o w s  a p e r c e i v e r  t o  a n t i c i p a t e  what  p a r t i c u l a r  n o t e s  w i l l  

o c c u r  in t h e  f u t u r e  and  when in t i me  t h e y  w i l l  do s o .  I t  may a l s o  be 

t h e  c a s e  t h a t  t h e s e  a c c e n t  s t r u c t u r e s ,  t o g e t h e r ,  a l l o w  a p e r c e i v e r  t o
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a n t i c i p a t e  e x a c t l y  when a me l ody  w i l l  e n d .  I f  s o ,  j u d g e d  d u r a t i o n  may 

be a f f e c t e d  by w h e t h e r  t h e  l a s t  n o t e  of  a me lody e n d s  a s  e x p e c t e d  or  

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

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

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

a f f e c t  when and how t h e s e  b e a t s  a r e  e x p e c t e d  t o  end -  which  in t u r n  

may a f f e c t  j u d g e d  d u r a t i o n .  The n e x t  c h a p t e r  w i l l  in f a c t  i n c o r p o r a t e  

t h i s  i d e a  i n t o  an a l t e r n a t i v e  model  o f  j u d g e d  d u r a t i o n  and b e g i n  t o  

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

R e g a r d l e s s ,  t h e  p r e s e n t  s e t  of  e x p e r i m e n t s  a r e  i m p o r t a n t  in t h a t  

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

d u r a t i o n .  Rhythm d o e s  n o t  a p p e a r  t o  p r o v i d e  d i s c r e t e  c hunks  of  t ime 

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

r e f e r e n t  f o r  d u r a t i o n  d o e s  n o t  a p p e a r  t o  be t h e  amount  of  memory 

s t o r a g e  ( Q r n s t e i n  1 9 4 9 ) ,  expende d  a t t e n t i o n  (Underwood & Swain 1973;  

Thomas & Weaver  1 9 7 5 ) ,  o r  c o g n i t i v e  change  (Block  1978)  t h a t  t h e s e  

c h u n k s  have  c r e a t e d .  I n s t e a d ,  t h e  p r e s e n t  r e s u l t s  s u g g e s t  t h a t  rhy thm 

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

j u d g e  d u r a t i o n .  T h i s  v i e w,  g e n e r a t e d  f rom Rhythmic  A t t e n d i n g  T h e o r y ,  

i s  t h u s  more p a r s i m o n i o u s  t h a n  t r a d i t i o n a l  m o d e l s .  T h e r e  i s  no need  

t o  assume t h a t  d i s c r e t e  moments  o f  t i me  a r e  c o n c a t e n a t e d  i n t o  a me n t a l  

c o d e .  Nor  d o e s  j u d g e d  d u r a t i o n  need  t o  be i n f e r r e d  f rom p r o p e r t i e s  of  

t h i s  me n t a l  c o d e .  The view t h a t  i s  o f f e r e d  h e r e  a s sumes  t h a t  t he  

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

r e c i p r o c a l l y  m i r r o r e d  w i t h i n  a p e r c e i v i n g  o r g a n i s m .  The t e mpor a l
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s t r u c t u r e  o f  t he  e v e n t  i t s e l f  i s  t hen  u s ed  in d u r a t i o n  e s t i m a t e s .

The p r e s e n t  s e t  of  e x p e r i m e n t s  a l s o  i l l u s t r a t e  t h a t  the  Rhythmic 

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

m a n i p u l a t i o n s .  S i n c e  e n v i r o n m e n t a l  e v e n t s  a c t  a s  t he  r e f e r e n t s  f o r  

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

s t r u c t u r e  of  n a t u r a l  e v e n t s .  T h i s  approac h  i s  more p r e c i s e  than  

d e f i n i n g  c o m p l e x i t y  in t e rm s  of  an uns een  menta l  c o d e .  Code 

c o m p l e x i t y ,  or  the  amount  o f  i n f o r m a t i o n - p r o c e s s i n g ,  i s  p r es umab l y  

i n c r e a s e d  by t h e  number of  chunks  w i t h i n  an e v e n t .  A mere e n u m e r a t i on  

of  c h u n k s ,  however ,  f a i l s  t o  c a p t u r e  t he  i n h e r e n t  o r g a n i z a t i o n  of  

s t r u c t u r a l  l e v e l s  and how t he  s t r u c t u r e  i t s e l f  may gu i de  p e r c e i v i n g .

In t h e s e  s t u d i e s ,  f o r  e xampl e ,  p a u s e s  were n o t  c o n s i d e r e d  t o  o f f e r  

m i s s i n g  b e a t s  -  i n s t e a d ,  t h e y  o f f e r e d  chunk b o u n d a r i e s .  However,  i t  

was t h e s e  r h y t h m i c  b e a t s ,  n o t  chunk number ,  t h a t  d e t e r m i n e d  d u r a t i o n  

e s t i m a t e s .  In s h o r t ,  t he  p r e s e n t  e x p e r i m e n t s  s u g g e s t  t h a t  t he  s t u d y  

of  j u d g e d  d u a t i o n  may b e n e f i t  by u s i n g  n a t u r a l  e v e n t s  a s  e x p e r i m e n t a l  

s t i m u l i .  The dynamic r o l e  of  rhythm t h a t  was r e v e a l e d  h e r e  ha s  no t  

p r e v i o u s l y  emerged f rom t he  usage  of  s t a t i c  and a r t i f i c i a l  s t i m u l i .  

Ch a p t e r  Summary

Two e x p e r i m e n t s  i n v e s t i g a t e d  the  r o l e  o f  rhythm a s  c o n t r a s t e d  by 

mode l s  g e n e r a t e d  f rom t h e  Rhythmic A t t e n d i n g  and 

I n f o r m a t i o n - P r o c e s s i n g  Appr oa c h .  C o n t r a r y  t o  p r e d i c t i o n s  of  

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

the  number of  r h y th m i c  b e a t s  w i t h i n  an e v e n t  a s  t he  d i r e c t  r e f e r e n t  

f o r  d u r a t i o n  e s t i m a t e s .  A l t hough  two e v e n t s  may have the  same t o t a l
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d u r a t i o n ,  one e v e n t  Mi l l  be j u d g e d  s h o r t e r  t han  a n o t h e r  b e ca us e  i t  

c o n t a i n s  a -fewer number o-f b e a t s .  E x p e r i me n t a l  - f i nd i ngs  more 

g e n e r a l l y  i l l u s t r a t e d  t h a t  J o n e s '  Rhythmic A t t e n d i n g  Theor y  can 

p r o v i d e  g r e a t e r  pa r s i mo n y  and p r e c i s i o n  -for t he  s t u d y  o-f t i me .

In t he  n e x t  c h a p t e r  we w i l l  b u i l d  upon t h i s  p r e l i m i n a r y  -framework 

t o  d e v e l o p  an a l t e r n a t i v e  model of  j u d g e d  d u r a t i o n .  In p a r t i c u l a r ,  

w e ' l l  c o n s i d e r  t h e  r o l e  of  rhythm in g e n e r a t i n g  l i s t e n e r  e x p e c t a n c i e s  

and how e x p e c t a n c i e s  may c r e a t e  l a wf u l  under  o r  o v e r e s t i m a t i o n s  of  

d u r a t  i o n .



CHAPTER SEVEN 

EXPECTANCY MODEL OF JUDGED DURATION

The model  o-f j u d g e d  d u r a t i o n  t h a t  w i l l  be p r o p o s e d  h e r e  r e s t s  on 

t h e  p r e l i m i n a r y  -framework p r o v i d e d  by t h e  p r e v i o u s  c h a p t e r .  The r e  we 

as sumed t h a t  t h e  t e mpor a l  s t r u c t u r e  o-f n a t u r a l  e v e n t s  i s  p i c k e d  up 

t h r o u g h  s y n c h r o n i z a t i o n .  As i n d i c a t e d  by t he  r e s u l t s  o-f E x p e r i m e n t s  

One and  Two, p e r c e i v e r s  a p p a r e n t l y  us e  t h e  r h y t h m i c  r e l a t i o n s h i p s  o-f 

e v e n t s  -for r e l a t i v e  d u r a t i o n  j u d g m e n t s .

A l t h o u g h  t h i s  p r e l i m i n a r y  view can  be a r g u e d  t o  o f f e r  g r e a t e r  

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

d e v e l o p m e n t  i s  i n c o m p l e t e .  In p a r t i c u l a r ,  we have  n o t  y e t  

i n c o r p o r a t e d  t h e  c o n c e p t  o-f - fu tu re  t i me  t o  e x p l a i n  how w e ' r e  a b l e  t o  

p r e d i c t  when an e v e n t  w i l l  e n d .  Uhen l i s t e n i n g  t o  a s p e a k e r ,  -for 

e x a m p l e ,  we can u s u a l l y  guage  q u i t e  a c c u r a t e l y  when he or  she  w i l l  

- f i n i s h  s p e a k i n g .  S i m i l a r l y ,  we can o-ften a n t i c i p a t e  t h e  e n d i n g  o-f a 

symphony o r  m u s i c a l  c o m p o s i t i o n .  In t h e  p r e s e n t  c h a p t e r ,  w e ' l l  

c o n s i d e r  how t h i s  i s s u e  o-f - fu tu re  t i me  may be a d d r e s s e d  t h r o u g h  t he  

c o n c e p t  o-f " e x p e c t a n c y " .  Spec i-f i c a l  1 y , i t ' s  s u g g e s t e d  t h a t  a  l i s t e n e r  

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

m e l o d y ' s  upcoming c o m p l e t i o n .  T h i s  a s s u m p t i o n  w i l l  t he n  be e l a b o r a t e d  

i n t o  an " E x p e c t a n c y  Model"  o f  j u d g e d  d u r a t i o n .  The b a s i c  i d e a  i s  t h a t  

d u r a t i o n  e s t i m a t e s  a r e  d e t e r m i n e d  by t h e  e x p e c t e d  e n d i n g  of  an e v e n t .

138
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I f  an e v e n t  e n d s  a s  e x p e c t e d ,  t he n  d u r a t i o n  e s t i m a t e s  a r e  p r e d i c t e d  t o  

be q u i t e  a c c u r a t e .  However ,  under  or  o v e r e s t i m a t i o n s  of  d u r a t i o n  w i l l  

o c c u r  whe ne ve r  an e v e n t  e n d s  b e f o r e  or  a f t e r  i t  i s  e x p e c t e d .  The 

f o l l o w i n g  s e c t i o n  c o n s i d e r s  how the  r h y t h m i c  s t r u c t u r e  of  mus i c  may 

c r e a t e  e x p e c t a n c i e s  w i t h i n  l i s t e n e r s .

Role  of  Rhythm in C r e a t i n g  E x p e c t a n c i e s

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

i n v e s t i g a t e  w h e t h e r  r h y t h m i c  s t r u c t u r e  a f f e c t s  j u d g e d  d u r a t i o n .  To 

c o n t r a s t  t h e  Rhythmic  A t t e n d i n g  Approach w i t h  i n f o r m a t i o n - p r o c e s s i n g  

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

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

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

b e a t s  w i t h i n  an i n i t i a l  e v e n t  a s  an e x p e c t e d  r e f e r e n t .  The p e r c e p t u a l  

p i c k u p  o f  t h e s e  b e a t s  was  shown t o  be u n a f f e c t e d  by m e l o d i c  s t r u c t u r e  

and s i m p l y  r e q u i r e d  a p r e d i c t a b l e  p a t t e r n  o f  t e mpor a l  a c c e n t s .

T h i s  M i s s i n g  Bea t  i n t e p r e t a t i o n  c o u l d  imply t h a t  m e l o d i c  

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

w i t h  t h e  same number of  r h y t h m i c  b e a t s  w i l l  a l wa y s  be j u d g e d  as  

e q u i v a l e n t .  The s e  b r o a d  g e n e r a l i z a t i o n s ,  h ow e v e r ,  a r e  n o t  i n t e n d e d  

b e c a u s e  i t ' s  a cknowl e dged  t h a t  r e s u l t s  a r e  b a s e d  on a r e s t r i c t e d  

s u b s e t  o f  m e l o d i e s .  In c o n t r a s t  t o  t he  i n c o m p a t i b l e  a c c e n t  s t r u c t u r e  

o f  m e l o d i e s  u s e d  in E x p e r i m e n t s  1 and 2 ,  mos t  W e s t e r n  mus ic  d i s p l a y s  

p r e d i c t a b l e  r e l a t i o n s h i p s  be t ween m e l o d i c  and t e mpor a l  a c c e n t s .  T h i s  

"more n a t u r a l "  mus i c  a l l o w s  a  s e c o n d  r o l e  o f  r hy thm t o  emerge t h a t  h a s
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n o t  y e t  been i n v e s t i g a t e d  -  namely  i t s  r o l e  in g e n e r a t i n g  

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

s y n c h r o n i z a t i o n  b u t ,  in a d d i t i o n ,  a r e  assumed t o  c r e a t e  e x p e c t a n c i e s  

a b o u t  t h e  wha t  and when o-f - fu ture  n o t e s  ( J o n e s  1 9 7 6 ) .  I-f t h e s e  

a c c e n t s  a l s o  a l l o w  one t o  a c c u r a t e l y  a n t i c i p a t e  a m e l o d y ' s  e n d i n g ,  

t he n  j u d g e d  d u r a t i o n  may be i n - f l uenced  by w h e t h e r  t h i s  e x p e c t a n c y  i s  

con-f i rmed or  v i o l a t e d .  T h i s  would  e x t e n d  e a r l i e r  f i n d i n g s  by showing 

t h a t  r e l a t e d  a c c e n t s  g e n e r a t e  an e x p e c t e d  end f o r  a m e l o d y ' s  s e q u e n c e  

of  r h y t h m i c  b e a t s .  To b e t t e r  r e l a t e  t he  r a t i o n a l e  f o r  t h e s e  c l a i m s ,  

l e t ' s  b r i e f l y  r e v i e w  t h e  n a t u r e  o f  a c c e n t  s t r u c t u r e s  and the  c o n c e p t  

of  e x p e c t a n c y .

E x p e c t a n c i e s  G e n e r a t e d  From Accen t  S t r u c t u r e s

A m a j o r  a s s u m p t i o n  w i t h i n  J o n e s '  Rhythmic  A t t e n d i n g  Th e o r y  i s  

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

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

by a  m e l o d y ' s  m e t e r  which  d e t e r m i n e s  what  k i n d  o f  n o t e  w i l l  a c t  a s  t he  

b e a t  u n i t  and how many b e a t s  w i l l  o c c u r  in a m e a s u r e .  The f o l l o w i n g  

me l o d y ,  f o r  e x a m p l e ,  h a s  a m e t e r  o f  4 / 4  t i m i n g  which  i n d i c a t e s  t h a t  a 

q u a r t e r  n o t e  i s  t h e  b e a t  u n i t  and t h a t  f o u r  b e a t s  w i l l  o c c u r  in a 

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

t e mp o r a l  b e a t s  i n t o  a common h i e r a r c h i c a l  f r ame work :
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Al l  m e l o d i e s ,  h o we v e r ,  a l s o  p o s s e s s  a r hy t hm where  some n o t e s  a r e  

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

p o i n t s  whe r e  n o t e s  wou ld  n o r m a l l y  o c c u r .  Rhythm w i l l  a l wa y s  p r e s e r v e  

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

The s t r u c t u r a l  c o n s e q u e n c e  of  r hy thm i s  t h a t  t e mpor a l  a c c e n t s  <t )  a r e

c r e a t e d  a t  p o i n t s  o f  p r o l o n g e d  n o t e s  <and p a u s e s ) .  Thes e  a c c e n t s

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

l e v e l  in t h e  m e t r i c a l  h i e r a r c h y  ( h e r e  a f t e r  8 b e a t s ) .

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

t h o s e  n o t e s  t h a t  c o - o c c u r  w i t h  t emp o r a l  a c c e n t s .  For  e x a m p l e ,  n o t e s  

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

m e l o d y ' s  m a j o r  c h o r d .  In  a d d i t i o n ,  t h e s e  n o t e s  a r e  t y p i c a l l y  p r e c e d e d  

by a p a u s e  t o  y i e l d  a c o - o c c u r r i n g  a c c e n t  s t r u c t u r e .  Some of  t he  

m e l o d i e s  f rom E x p e r i m e n t s  One and Two were  in f a c t  o f  t h i s  s o r t .  

However ,  w h i l e  t h e s e  p a r t i c u l a r  m e l o d i e s  d i s p l a y e d  a r u l e  span  of  3 or

4 n o t e s ,  i t  i s  o f t e n  t h e  c a s e  t h a t  a m e l o d i c  r u l e  w i l l  s pan  ove r
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s e v e r a l  n o t e s  t o  c r e a t e  a r a t h e r  l e n g t h y  p a s s a g e .  Hence ,  a s e c o n d  

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

Spec i-f i c a l  1 y , a composer  w i l l  o f t e n  c o n c l u d e  a me a su r e  w i t h  a member 

o-f t h e  m e l o d y ' s  m a j o r  c h o r d  and the n  t e m p o r a l l y  p r o l o n g  t h i s  n o t e .  In 

t h e  me l ody  shown a b o ve ,  -for e x a m p l e ,  t h o s e  n o t e s  marked  ( tm)  a r e  

i l l u s t r a t i v e  o-f t h i s  t e c h n i q u e .  S i n c e  m a j o r  c h o r d  members  a r e  

h a r m o n i c a l l y  r e l a t e d  t o  t h e  t o n i c ,  t h i s  c o n v e n t i o n  s e r v e s  t o  " a n c h o r 11 

t h e  me l ody  t o  i t s  u n d e r l y i n g  s c a l e  <Bharucha  1984;  L e r da h l  tt 

J a c k e n d o f f  1983;  B e r r y  1976;  Benjamin  1 9 84 ) .  In  sum,  t e mpor a l  a c c e n t s  

o f t e n  c o - o c c u r  wi th  m a j o r  c h o r d  members  e n d i n g  a me a s u re  and t h o s e  

n o t e s  i n i t i a t i n g  a m u s i c a l  r u l e  t r a n s f o r m a t i o n .  T o g e t h e r ,  t h e s e  two 

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

e n t i r e  me l o d y .

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

i m p o r t a n t  b e c a u s e  i t  a l l o w s  a l i s t e n e r  t o  g e n e r a t e  " e x p e c t a n c i e s *  

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

p r e s u m a b l y  i n d u c e s  s y n c h r o n i z a t i o n  such  t h a t  a  m e l o d y ' s  r h y t h m i c  b e a t s  

a r e  c o r r e s p o n d i n g l y  m i r r o r e d  w i t h i n  t h e  orgar j - sm.  When t e mpor a l  

a c c e n t s  c o - o c c u r  w i t h  m e l o d i c  o n e s ,  howeve r ,  a t t e n t i o n  w i l l  be 

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

h a r m o n i c a l l y  r e l a t e d  t o  t h e  t o n i c .  In t h e  melody shown e a r l i e r ,  f o r  

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

a f t e r  8 b e a t s  and  t h a t  m a j o r  c h o r d  members  c o i n c i d e  w i t h  t h e s e  

a c c e n t s .  A f t e r  h e a r i n g  a g i v e n  a c c e n t ,  a p e r c e i v e r  can t h e n  

a n t i c i p a t e  t h a t  t h e  n e x t  p r o l o n g e d  n o t e  w i l l  a l s o  o c c u r  a f t e r  8 b e a t s
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and w i l l  be one o-f t he  ma j o r  c h o r d  members .  In s h o r t ,  t h e  a c c e n t  

s t r u c t u r e  of  t h i s  me lody  h a s  g e n e r a t e d  e x p e c t a n c i e s  a b o u t  t he  what  and 

when o f  n o t e s  in f u t u r e  t ime -  which  in t h i s  c a s e  w i l l  be c o n f i r m e d .  

E x p e c t e d  E n d i n o s

A l l  n a t u r a l  e v e n t s  end  a t  some p o i n t  and in many s i t u a t i o n s ,  we 

a s  p e r c e i v e r s  a l s o  seem a b l e  t o  a n t i c i p a t e  when an e v e n t  w i l l  end .

For  e x a m p l e ,  t he  smooth excha nge  of  s p e a k i n g  r o l e s  i m p l i e s  t h a t  a 

l i s t e n e r  can  a n t i c i p a t e  a s p e a k e r ' s  f i n a l  u t t e r a n c e  (Wiemann & Knapp 

1 9 7 5 ) .  S i m i l a r l y ,  d a n c e r s ,  s i n g e r s ,  and m u s i c i a n s  a r e  a l l  a b l e  t o  

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

t r a n s i t i o n  i n t o  a n o t h e r .  How a r e  p e o p l e  a b l e  t o  do t h i s ,  and more 

s p e c i f i c a l l y ,  a r e  t h e r e  c e r t a i n  s t r u c t u r e s  t h a t  p r e p a r e  us  in advance  

f o r  an e v e n t ' s  end?

Th e s e  s o r t s  o f  s t r u c t u r e s  can in f a c t  be found  in mus i c  and 

i n v o l v e  p r o p e r t i e s  of  p h r a s e  e n d i n g s .  For  ex a mp l e ,  a composer  

i n v a r i a b l y  e n d s  a me l ody  on t h e  t o n i c  ( t h e  m e l o d y ' s  u n d e r l y i n g  key or  

s c a l e )  a n d ,  in a d d i t i o n ,  p r o l o n g s  t h e  d u r a t i o n  o f  t h i s  t o n i c  such t h a t  

i t ' s  l o n g e r  t ha n  any p r e c e d i n g  n o t e .  The t o n i c  e n d i n g  r e t u r n s  a 

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

w h i l e  t h e  e n d - l e n g t h e n i n g  e f f e c t  e n h a n c e s  t h e  f e e l i n g  of  f i n a l i t y .  I t  

i s  i n t e r e s t i n g  t o  n o t e  t h a t  a s i m i l a r  phenomenom e x i s t s  in s p e e c h .  A 

s p e a k e r  f r e q u e n t l y  b e g i n s  and e n d s  an u t t e r a n c e  w i t h  t h e  same p i t c h  

f r e q u e n c y  ( P i k e  1944)  and e n d - 1 e n g t h e n s  t h e  f i n a l  word  ( L e h i s t e  19 7 5 ) .

Through  e x p os u r e  t o  We s t e r n  M u s i c ,  i t  i s  as sumed h e r e  t h a t  we 

have  come t o  e x p e c t  t h i s  c o n v e n t i o n  o f  r e s o l u t i o n  whe ne ve r  we l i s t e n
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t o  m u s i c .  C o n v e n t i o n s  a r e  i n c o r p o r a t e d  i n t o  an ' e x p e c t a n c y  scheme" 

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

me l o d y .  T h i s  scheme g u i d e s  a t t e n d i n g  and g e n e r a t e s  t h e  e x p e c t a n c y  

t h a t  m u s i c a l  c o n v e n t i o n s  wh i ch  have  o c c u r r e d  in t h e  p a s t  w i l l  a l s o  

a p p e a r  in new m e l o d i e s .  In t h e  p r e s e n t  s i t u a t i o n ,  -for e x a m p l e ,  a 

l i s t e n e r  w i l l  e x p e c t  a me lody  t o  be r e s o l v e d  b e c a u s e  p a s t  m e l o d i e s  

have  d i s p l a y e d  t h i s  p r o p e r t y .

In t h e  model  t h a t  w i l l  be p r o p o s e d  h e r e  i t  i s  s u g g e s t e d  t h a t  a 

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

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

members  a r e  t e m p o r a l l y  a c c e n t e d  and r e c u r  a f t e r  a  f i x e d  b e a t  p e r i o d ,  a 

l i s t e n e r  can  a n t i c i p a t e  t h a t  an upcoming a c c e n t  may be t h e  f i n a l  

t o n i c .  When one f i n a l l y  r e a c h e s  t h e  t o n i c  n o t e  t h a t  i s  

e n d - l e n g t h e n e d ,  t h e  me l ody  w i l l  t h e n  seem c o m p l e t e d .  In o t h e r  w o r d s ,  

we a r e  a b l e  t o  p r e d i c t  wha t  n o t e  w i l l  end the  me l o d y ,  namely  t he  

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

r e l a t e d  t o  t h e  t o n i c .  In  a d d i t i o n ,  t h e  i n v a r i a n t  b e a t  p e r i o d  be tween 

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

In t h e  model  o f  j u d g e d  d u r a t i o n  t h a t  i s  p r e s e n t e d  n e x t ,  i t  i s  

assumed t h a t  t h e  e x p e c t e d  e n d i n g  f o r  an e v e n t  w i l l  d e t e r m i n e  the  

a c c u r a c y  o r  i n a c c u r a c y  of t i me  j u d g m e n t s .  S i n c e  e x p e c t a n c i e s  a r e  

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

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

d u r a t i o n  e s t i m a t e s .  L e t ' s  now examine  t h i s  E x p e c t a n c y  Model of  j u d g e d  

d u r a t i o n  in more d e t a i l .
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An Ex p e c t a n c y  Model o f  Judged  D u r a t i o n

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

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

of  j u d g e d  d u r a t i o n .  A p r i m a r y  e mpha s i s  c o n c e r n s  t h e  usage  of  n a t u r a l  

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

l e v e l s  o f  dynamic s t r u c t u r e  and o f f e r  some s o r t  of  s u r v i v a l  or  

c u l t u r a l  s i g n i f i c a n c e  t o  a p e r c e i v i n g  o r g a n i s m .  In a c c o r da n ce  w i t h  

Rhythmic A t t e n d i n g  T h e o r y ,  t he  p r e s e n t  app r oac h  a l s o  e n v i s i o n s  t he  a c t  

o f  p e r c e i v i n g  a s  one o f  s y n c h r o n i z a t i o n .  P e r c e i v i n g  i s  f u t u r e - o r i e n t e d  

be c a u s e  a p r e d i c t a b l e  and c o - o c c u r r i n g  p a t t e r n  of  a c c e n t s  w i l l  

g e n e r a t e  e x p e c t a n c i e s  a bou t  t he  what  and when of  f u t u r e  e v e n t s .  These  

e x p e c t a n c i e s  a r e  e x t r a p o l a t i o n s  of  p r e v i o u s  p a t t e r n  s t r u c t u r e  and a r e  

d i r e c t e d  t owar d  t h e  e v e n t ' s  e nd .

We now a d d r e s s  t h e  f o c a l  q u e s t i o n  of  c o n t e mp o r a r y  r e s e a r c h ,  

namely ,  "Why i s  one e v e n t  j u d g e d  l o n g e r  or  s h o r t e r  than  a n o t h e r  when 

bo t h  a r e  t he  same p h y s i c a l  d u r a t i o n " ?  As we saw in t he  p r e v i o u s  

c h a p t e r ,  one e v e n t  may be j u d g e d  s h o r t e r  t ha n  a n o t h e r  b e c a u s e  i t  

c o n t a i n s  a r e l a t i v e l y  f ewer  number of  r h y th m i c  b e a t s .  On t he  o t h e r  

h a nd ,  we a l s o  n o t e d  t h a t  t h o s e  m e l o d i e s  d i d  n o t  a l ways  c o n t a i n  

c o - o c c u r r i n g  a c c e n t s  a s  do many e v e n t s  w i t h i n  t he  n a t u r a l  e n v i r o n m e n t .  

I t  t h e r e f o r e  seems q u i t e  p o s s i b l e  t h a t  two e v e n t s  w i t h  t he  same number 

of  r h y t h m i c  b e a t s  may no t  a l wa y s  be j u d ge d  a s  e q u i v a l e n t .  I n s t e a d ,  

one may seem l o n g e r  o r  s h o r t e r  t h a n  a n o t h e r  b ec a u se  each  h a s  g e n e r a t e d  

a d i f f e r e n t  e x p e c t a n c y  a bou t  when i t s  s e q u e n c e  of  r h y t h m i c  b e a t s  w i l l  

e n d .  T h i s  p o s s i b i l i t y  h a s  in f a c t  been e l a b o r a t e d  i n t o  an Expe c t a nc y
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Model o f  j u d g e d  d u r a t i o n .

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

d e t e r m i n e d  by t h e  e x t e n t  t o  which  an e v e n t ' s  end c o n f i r m s  o r  v i o l a t e s  

t he  p e r c e i v e r ' s  e x p e c t a n c i e s  a bou t  when t h e  e v e n t  s h o u l d  e n d .  In 

g e n e r a l ,  an e v e n t  wh i ch  c o n f i r m s  our  e x p e c t a n c i e s  s h o u l d  p ro d u c e  

a c c u r a t e  d u r a t i o n  e s t i m a t e s  r e l a t i v e  t o  a s t a n d a r d  r e f e r e n t  ( i e .  c l o c k  

t ime or  t h e  d u r a t i o n  o f  a n o t h e r  e v e n t ) .  E v e n t s  which  v i o l a t e  our  

e x p e c t a n c i e s ,  howeve r ,  s h o u l d  p ro d u c e  o v e r  o r  u n d e r e s t i m a t i o n s  of  

d u r a t i o n .  These  k i n d s  o f  e r r o r s  can be p r e d i c t e d  f rom a p a t t e r n ' s  

s t r u c t u r e  and w i l l  depend  on w h e t h e r  t he  e n d i n g  o f  an e v e n t  o c c u r s  

b e f o r e  o r  a f t e r  i t  i s  e x p e c t e d .

L e t ' s  f i r s t  c o n s i d e r  t h e  c a s e  where  a me lody  c o n f i r m s  our  

e x p e c t a n c i e s .  As s e e n  in F i g u r e  5 ,  su p p o se  t h a t  t e mpor a l  a c c e n t s  

i s o c h r o n o u s l y  r e c u r  a f t e r  a f i x e d  number of  b e a t s  <8 b e a t s  h e r e )  and 

c o i n c i d e  w i t h  n o t e s  t h a t  a r e  m a j o r  c h o r d  members .  In  a d d i t i o n ,  t he  

me l ody  e n d s  on t h e  p r o l o n g e d  t o n i c  a s  e x p e c t e d  by m u s i c a l  c o n v e n t i o n .  

S i n c e  t h i s  me lody  s a t i s f i e s  t h o s e  e x p e c t a n c i e s  e s t a b l i s h e d  by bo t h  

p r i o r  c o n t e x t  and m u s i c a l  c o n v e n t i o n ,  i t s  d u r a t i o n  e s t i m a t e  s h o u l d  be 

q u i t e  a c c u r a t e .

In  c o n t r a s t ,  a me lody  which  d o e s  n o t  end a s  e x p e c t e d  w i l l  be o ve r  

o r  u n d e r e s t i m a t e d  in d u r a t i o n .  U n d e r e s t i m a t i o n s  w i l l  a r i s e  wheneve r  a 

me lody e n d s  b e f o r e  i t  i s  e x p e c t e d .  R e l a t i v e  t o  i t s  e x p e c t e d  d u r a t i o n ,  

i t s  a c t u a l  d u r a t i o n  i s  s h o r t e r .  C o n v e r s e l y ,  o v e r e s t i m a t i o n s  w i 11 be 

o b s e r v e d  wheneve r  a me lody  e n d s  a f t e r  i t  i s  e x p e c t e d .  H e r e ,  t he  

a c t u a l  d u r a t i o n  i s  l o n g e r  t ha n  wha t  was e x p e c t e d .  As we m e n t i o n e d
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b e f o r e ,  t he  o c c u r r e n c e  of  under  or  o v e r e s t i m a t i o n s  can be p r e c i s e l y  

p r e d i c t e d  f rom t h e  m e l o d y ' s  s t r u c t u r e .  In p a r t i c u l a r ,  e r r o r s  w i l l  

a r i s e  f rom two s o r t s  of  s t r u c t u r a l  m a n i p u l a t i o n s !

1) Under or  o v e r e s t i m a t i o n s  w i l l  o c c u r  whenever  t he  e n d i n g  of  a melody 

d e v i a t e s  f rom p r i o r  c o n t e x t .  The melody c o n t a i n s  a p e r c e p t i b l e  end i ng  

but  s t r u c t u r a l  d e v i a t i o n s  have g e n e r a t e d  an e x p e c t e d  e n d i ng  t h a t  i s  

e i t h e r  t oo  e a r l y  or  t oo  l a t e .

2) O v e r e s t i m a t i o n s  a l o n e  w i l l  a r i s e  when p r o p e r t i e s  of  t he  f i n a l  no t e  

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

r e s o l u t i o n  h as  been  v i o l a t e d  such  t h a t  t he  melody l a c k s  a p e r c e p t i b l e  

e n d .  Thus  t he  l i s t e n e r  w i l l  e x t r a p o l a t e  the  p r e c e d i n g  c o n t e x t  i n t o  an 

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

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

m a n i p u l a t i o n s  w i l l  c r e a t e  t h e s e  two c l a s s e s  of  e r r o r s .

E r r o r s  A r i s i n g  From S t r u c t u r a l  D e v i a t i o n s

Wi th i n  t h i s  c l a s s  of  e r r o r s ,  bo t h  under  and o v e r e s t i m a t i o n s  of 

d u r a t i o n  a r e  p r e d i c t e d  t o  o c c u r .  M e l o d i e s  w i l l  have a p e r c e p t i b l e  

e n d i n g  b u t  t he  c l o s i n g  s t r u c t u r e  of  a p a t t e r n  w i l l  d e v i a t e  f rom 

p r e v i o u s  c o n t e x t .  C o n s e q u e n t l y ,  t he  melody w i l l  v i o l a t e  the  

p e r c e i v e r ' s  e x p e c t a n c i e s  and end b e f o r e  or  a f t e r  i t  i s  e x p e c t e d .

There  a r e  p r o b a b l y  m u l t i p l e  ways in which an e v e n t ' s  s t r u c t u r e  can 

v i o l a t e  i t s  e x p e c t e d  end b u t  t h e  s t r u c t u r e s  c o n s i d e r e d  h e r e  i nvo l ve  

t he  n a t u r e  of  m e l o d i c  and t empora l  a c c e n t  s t r u c t u r e  and p r o p e r t i e s  of  

t h e  f i n a l  n o t e .  Each i s  d i s c u s s e d  in t u r n .
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V i o l a t i o n s  o-f Accen t  S t r u c t u r e

In a p r e c e d i n g  s e c t i o n ,  we d i s c u s s e d  how m u s i c i a n s  w i l l  

- f r e q u e n t l y  c o n c l u d e  a me asu r e  w i t h  a ma j o r  c ho r d  member and then  

p r o l o n g  t h i s  n o t e ' s  d u r a t i o n .  I-f t h e s e  a c c e n t s  i s o c h r o n o u s l y  r e c u r ,  

i t  i s  assumed t h a t  a l i s t e n e r  can a n t i c i p a t e  - future n o t e s ,  i n c l u d i n g  

the  -f inal  n o t e  o-f t h e  me l ody .  As shown in F i g u r e  5 ,  -for example ,  t he  

l i s t e n e r  can a n t i c i p a t e  t he  e n d - l e n g t h e n e d  t o n i c  be c a us e  m e l o d i c  

a c c e n t s  (m) a r e  a l w a y s  h a r m o n i c a l l y  r e l a t e d  t o  t he  t o n i c  and r e c u r  

a - f t e r  8 b e a t s .

Suppose t h a t  we now v a r y  t h i s  m e l o d i c / r h y t h m i c  s t r u c t u r e  a s  shown 

in t he  me lody  l a b e l l e d  a s  Beat  E a r l y  in F i g u r e  5 .  Major  chord  members 

a r e  s t i l l  a c c e n t e d  and t h e  melody c o n t a i n s  t he  same number o-f r hy t hmi c  

b e a t s  a s  be- fore .  The - four th and l a s t  a c c e n t s ,  however ,  d e v i a t e  -from 

t h e  p r e c e d i n g  c o n t e x t  by o c c u r r i n g  a - f t e r  6 and 10 b e a t s  r e s p e c t i v e l y .  

How w i l l  j u d g e d  d u r a t i o n  be a f f e c t e d ?  A c c o r d i n g  t o  t he  Expec t ancy  

Model ,  t h i s  me lody w i l l  be o v e r e s t i m a t e d  b e c a u s e  i t  e n d s  l a t e r  than 

e x p e c t e d .  S p e c i f i c a l l y ,  t he  p r e c e d i n g  c o n t e x t  ha s  e s t a b l i s h e d  t h a t  

a c c e n t s  r e c u r  a f t e r  8 b e a t s  or  6 b e a t s .  As a l i s t e n e r  a p p r o a c h e s  t he  

e nd ,  t h e y  s h o u l d  t h e r e f o r e  e x p e c t  t he  n e x t  a c c e n t  t o  a l s o  o c c u r  a f t e r  

8 or  6 b e a t s .  S i n c e  t he  l a s t  n o t e  a c t u a l l y  o c c u r s  a f t e r  10 b e a t s  , 

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

Thus  the  p a t t e r n ' s  d u r a t i o n  s h o u l d  be o v e r e s t i m a t e d .  The o p p o s i t e  

e f f e c t  i s  p r e d i c t e d  t o  occur  w i t h  t he  melody l a b e l l e d  a s  Bea t  L a t e .  

Here t h e  t h i r d  a c c e n t  p e r i o d  c o n t a i n s  10 b e a t s ,  l e a d i n g  t he  l i s t e n e r  

t o  e x p e c t  t he  f i n a l  n o t e  a f t e r  8 o r  10 b e a t s .  S i nc e  i t  a c t u a l l y
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o c c u r s  a - f t e r  o n l y  6 b e a t s ,  t he  p a t t e r n  s h o u l d  seem t o  end t o o  e a r l y  

and  t h u s  s h o r t e r  in d u r a t i o n .  In sum,  t h e s e  s o r t s  o-f e r r o r s  a r e  

p r e d i c t e d  t o  a r i s e  -from v i o l a t i n g  t he  i n v a r i a n t  b e a t  p e r i o d  be tween 

a c c e n t s .  A l t h o ug h  a l l  m e l o d i e s  c o n t a i n  t h e  same number  o-f r h y t h m i c  

b e a t s ,  e r r o r s  a r e  p r e d i c t e d  a s  a - func t i on  o-f when t h e s e  b e a t s  a r e  

e x p e c t e d  t o  end .

A s i m i l a r  s o r t  o-f - f i nd i ng  s h o u l d  emerge by v i o l a t i n g  t he  

r e l a t i o n s h i p  be t ween  t e mpor a l  a c c e n t s  < c) ) and m a j o r  c h o r d  members 

<m>. Suppose  t h a t  t e mp o r a l  a c c e n t s  do r e c u r  a - f t e r  an i n v a r i a n t  b e a t  

p e r i o d ,  and a l t h o u g h  t h e y  do n o t  c o i n c i d e  w i t h  m a j o r  c h o r d  members ,  

t h e y  m a i n t a i n  a law-ful r e l a t i o n s h i p  w i t h  t h e s e  n o t e s .  For  e xampl e ,  

c o n s i d e r  t h e  me lody l a b e l l e d  a s  Harmonic E a r l y  in F i g u r e  5 .  Here the  

composer  h a s  m a i n t a i n e d  an i n v a r i a n t  b e a t  p e r i o d  be t ween  a l l  t empora l  

a c c e n t s  b u t  h a s  p r o l o n g e d  t h e  d u r a t i o n  o-f t h e  n o t e  be-fore t h e  ma j o r  

c h o r d  member .  U n l i k e  t e mpor a l  a c c e n t s ,  t h e  b e a t  p e r i o d  be t ween ma j o r  

c h o r d  members  (m) i s  n o t  a l wa y s  an i n v a r i a n t  8 b e a t s  -  t h e  s e c o n d  

member o c c u r s  a - f t e r  7 b e a t s  w h i l e  t he  - f inal  t o n i c  o c c u r s  a - f t e r  9 

b e a t s .

C o n s i d e r  how a p e r c e i v e r ' s  e x p e c t a n c i e s  may be a-f-fected by t h i s  

m a n i p u l a t i o n .  S i nc e  m e l o d i c  and t empora l  a c c e n t s  a r e  law-ful ly  

r e l a t e d ,  a p e r c e i v e r  can a n t i c i p a t e  t h e  o c c u r r e n c e  o-f - fu ture  ma j o r  

c h o r d  members .  In  t h i s  s o r t  o-f p a t t e r n ,  howeve r ,  t h e  -f inal  t o n i c  w i l l

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

o c c u r  a f t e r  t he  e x p e c t e d  7 o r  8 b e a t s  a s  i s  t r u e  f o r  p r e c e d i n g  ma j o r

c h o r d  members  -  i n s t e a d  i t  o c c u r s  a f t e r  9 b e a t s .  The me lody ends  l a t e r
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t h a n  e x p e c t e d  and so  i t s  d u r a t i o n  i s  p r e d i c t e d  t o  be o v e r e s t i m a t e d .

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

me l o d y  l a b e l l e d  a s  Harmonic La t e  in F i g u r e  5 where  t e mpor a l  a c c e n t s  

o c c u r  on t h e  n o t e s  a - f t e r  t h e  m a j o r  c h o r d  members .  The -f inal  t o n i c  i s  

e x p e c t e d  t o  o c c u r  a - f t e r  8 or  10 b e a t s  b e c a u s e  t h i s  was  t r u e  -for 

p r e c e d i n g  m a j o r  c h o r d  members .  However ,  t he  e n d i n g  a c t u a l l y  o c c u r s  

a f t e r  6 b e a t s  which  i s  e a r l i e r  t h a n  e x p e c t e d .

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

e x p e c t a n c i e s  upon j u d g e d  d u r a t i o n  and a r e  i n v e s t i g a t e d  in E x p e r i me n t  5 

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

t h a t  a r e  p r e d i c t e d  t o  v i o l a t e  a m e l o d y ' s  e x p e c t e d  e n d .  The mos t  

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

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

n o r m a l l y  end on t h e  m e l o d y ' s  t o n i c  and ,  in a d d i t i o n ,  l e n g t h e n  t h i s  

n o t e  such  t h a t  i t ' s  r e l a t i v e l y  l o n g e r  t ha n  any p r e c e d i n g  n o t e .  How 

w i l l  j u d g e d  d u r a t i o n  be i n f l u e n c e d  by s y s t e m a t i c  v i o l a t i o n s  of  t h e s e  

two s t r u c t u r e s ?

V i o l a t i o n s  o f  R e s o l u t i o n

L e t ' s  f i r s t  c o n s i d e r  a me lody whose f i n a l  n o t e  i s  e n d - l e n g t h e n e d  

b u t  wh i ch  i s  n o t  t h e  t o n i c .  Here t h e  p r o l o n g e d  e n d i n g  s i g n a l s  t h a t  

t h e  me l ody  i s  meant  t o  be c o m p l e t e d .  Yet  t he  n o n t o n i c  e n d i n g  s h o u l d  

" l e a v e  u s  hang i ng*  b e c a u s e  we e x p e c t  a n o t h e r  n o t e  t o  o c c u r  -  namely 

t h e  t o n i c .  S i n ce  t h i s  me lody  h a s  ended  e a r l i e r  t ha n  e x p e c t e d ,  i t  i s  

p r e d i c t e d  t o  r e s u l t  in an u n d e r e s t i m a t i o n  o f  d u r a t i o n .
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L e t ' s  n e x t  c o n s i d e r  a me lody  whose -f inal  n o t e  i s  s h o r t e r  t h a n  any 

p r e c e d i n g  n o t e .  S i n c e  t h e  t e mpor a l  d u r a t i o n  of  t h i s  l a s t  n o t e  

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

p e r c e p t i b l e  < a b r u p t )  e n d i n g .  A g a i n ,  a me lody e n d i n g  on a n o n t o n i c  n o t e  

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

m i s s i n g .  Hence ,  t h i s  me lody  s h o u l d  be u n d e r e s t i m a t e d  in r e l a t i v e  

d u r a t i o n .  Th e s e  v a r i o u s  s e t s  of  p r e d i c t i o n s  a r e  i n v e s t i g a t e d  in 

E x pe r i m e n t  4 .

To s u mm a r i ze ,  w e ' v e  c o n s i d e r e d  how e r r o r s  in j u d g e d  d u r a t i o n  may 

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

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

t h a t  i s  l a t e r  v i o l a t e d  by a  m e l o d y ' s  a c c e n t  s t r u c t u r e  or  p r o p e r t i e s  of  

i t s  f i n a l  n o t e .  A c c o r d i n g  t o  p r e d i c t i o n s  o f  t he  E x p e c t a n c y  Mode l ,  a

me lody e n d i n g  b e f o r e  or  a f t e r  i t  i s  e x p e c t e d  w i l l  p r od u c e

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

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

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

e n d .

E r r o r s  A r i s i n g  From "A M i s s i n g  End"

T h r o u g h o u t  t h i s  d i s s e r t a t i o n ,  I ' v e  assumed t h a t  n a t u r a l  e v e n t s  

c o n t a i n  some s o r t  of  p e r c e p t i b l e  b e g i n n i n g  and e n d .  The e n d i n g  of  a 

s p e e c h  u t t e r a n c e  o r  m e l o d y ,  f o r  e x am p l e ,  i s  marked  by a p r o l o n g e d  

* t o n i c * .  A l t h ou gh  i n f r e q u e n t ,  t h e r e  may be o c c a s i o n s  when a s p e a k e r  

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

t o n i c  -  i n s t e a d ,  i t s  d u r a t i o n  i s  i s o c h r o n o u s  t o  p r e c e d i n g  a c c e n t s .
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Si n c e  t h e  t o n i c  i t s e l - f  can  o c c u r  on any g i v e n  a c c e n t ,  t h e  e v e n t  s h o u l d  

l a c k  a p e r c e p t i b l e  e n d .  How w i l l  j u d g e d  d u r a t i o n  be a f f e c t e d  by t h i s  

s o r t  o f  s t r u c t u r a l  p r o p e r t y ?

A c c o r d i n g  t o  t h e  E x p e c t a n c y  Model ,  an e v e n t  which  1a c k s  a 

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

e v e n t  t o  i t s  e x p e c t e d  e n d i n g .  By d o i n g  s o ,  t h e y  have p r o v i d e d  t h e i r  

own s e n s e  o f  f i n a l i t y  and  c o m p l e t e n e s s .  T h i s  me n t a l  e x t r a p o l a t i o n  of  

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

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

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

T h i s  me lody s h o u l d  t h e r e f o r e  seem l o n g r  t h a n  a me lody  whi ch  d o e s  ends  

on t h e  t o n i c .  T h i s  p r e d i c t i o n  w i l l  be i n v e s t i g a t e d  in E x p e r i m e n t s  3 

and 4 .

I t  s h o u l d  be m e n t i o n e d  t h a t  t h i s  me n t a l  e x t r a p o l a t i o n  i s  n o t  

c o n s i d e r e d  t o  be a c o n s t r u c t i o n  f rom m e d i a t i o n a l  d e v i c e s .  I n s t e a d ,  

i t ' s  s i m p l y  a c o n t i n u a t i o n  o f  a m e l o d y ' s  p r e c e d i n g  s t r u c t u r e .  A g a i n ,  

me n t a l  e x t r a p o l a t i o n s  p r o v i d e  a s e n s e  o f  c o m p l e t e n e s s  and s h o u l d  on!y  

o c c u r  when an e v e n t  l a c k s  a p e r c e p t i b l e  e n d .

Summary

The E x p e c t a n c y  Model a s s umes  t h a t  j u d g e d  d u r a t i o n  i s  d e t e r m i n e d  

by t he  e x p e c t e d  e n d i n g  o f  a n a t u r a l  e v e n t .  Depend i ng  on t he  

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

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

wheneve r  an e v e n t  e n d s  a s  e x p e c t e d .  Second ,  u nde r  and o v e r e s t i m a t i o n s  

w i l l  be o b t a i n e d  whe ne ve r  an e v e n t  e n d s  b e f o r e  o r  a f t e r  i t  i s
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e x p e c t e d .  L a s t l y ,  e v e n t s  l a c k i n g  a p e r c e p t i b l e  end w i l l  g e n e r a t e  a 

m e n t a l  e x t r a p o l a t i o n  t o  some e x p e c t e d  e n d .  T h i s  me n t a l  e x t r a p o l a t i o n  

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

of  e v e n t  d u r a t i o n .

The E x p e c t a n c y  Model t h a t  h a s  been p r e s e n t e d  h e r e  d o e s  o f f e r  a 

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

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

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

C o n t r a s t s  Between t h e  E x p e c t a n c y  and I n f o r m a t i o n - P r o c e s s i n o  Model s  of  

J u d g e d  D u r a t i o n .

P e r h a p s  t he  mos t  i m p o r t a n t  a d v a n t a g e  of  t h e  E x p e c t a n c y  Model i s  

t h a t  i t  p r o v i d e s  a more p a r s i m o n i o u s  view o f  j u d g e d  d u r a t i o n .  The 

c o n c e p t  o f  s y n c h r o n i z a t i o n  a s s umes  t h a t  an o r g a n i s m  u s e s  t he  i n h e r e n t  

t e mpor a l  s t r u c t u r e  o f  an e v e n t  f o r  a t t e n d i n g  and p e r c e i v i n g  b e h a v i o r s .  

Thus  t h e r e  i s  no n e e d  f o r  me n t a l  c o n c a t e n a t i o n  p r o c e s s e s  t o  a c h i e v e  

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

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

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

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

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

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

e x p e c t a n c i e s :  t h e  j u d g e d  d u r a t i o n  o f  a g i v e n  e v e n t  can be compared

r e l a t i v e  t o  b o t h  c l o c k  t i me  and t h e  j u d g e d  d u r a t i o n  o f  o t h e r  e v e n t s .  

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

in a n a t u r a l  e v e n t ,  t h e n  i t ' s  r e a s o n a b l e  t o  c l a i m  t h a t  any j u dg e d
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d e v i a t i o n s  -from a c t u a l  c l o c k  t ime were c a u s e d  by t h e s e  e x p e r i m e n t a l l y  

v i o l a t e d  e x p e c t a n c i e s .  The i n f o r m a t i o n - p r o c e s s i n g  approac h  ( e g .  

O r n s t e i n  1969 ) ,  on t h e  o t h e r  h a nd ,  h a s  c l a i m e d  t h a t  i s  i s  both  

i n a p p r o p r i a t e  and i m p o s s i b l e  t o  d e r i v e  such c o n c l u s i o n s  beca use  

d u r a t i o n  i s  n o t  p a r t  of  t he  a c t u a l  e nv i ronme n t  -  i t ' s  a p s y c h o l o g i c a l  

phenomenon) t h a t  i s  o n l y  a c h i e v e d  th r ough  m e d i a t i o n a l  p r o c e s s e s .  Thus ,  

t h i s  app r o a c h  m a i n t a i n s  t h a t  i t ' s  o n l y  a p p r o p r i a t e  t o  s t u d y  t he  j udged  

d u r a t i o n  o-f one p r o c e s s e d  e v e n t  r e l a t i v e  t o  a n o t h e r .  I f  we t h i n k  

a bou t  i t ,  however ,  t h e r e  a r e  many o c c a s i o n s  when we judge  an e v e n t  or  

a c t i v i t y  r e l a t i v e  t o  c l o c k  t i m e :  “ How l ong  w i l l  i t  t a k e  me t o  walk

f rom home t o  t he  o f f i c e ? ,  Can I f i n i s h  t h i s  p r o j e c t  w i t h i n  t he  n e x t  

f i f t e e n  m i n u t e s ? " ,  and so  on.  These  s o r t s  of  e s t i m a t e s  a r e  f r e q u e n t l y  

made t h r o u g h o u t  t he  day and y e t  t he  i n f o r m a t i o n - p r o c e s s i n g  approach  

can o f f e r  no e x p l a n a t i o n  a s  t o  how the y  o c c u r .  From the  p r e s e n t  

p e r s p e c t i v e ,  however ,  t he  a c c u r a c y  of  t h e s e  e s t i m a t e s  w i 11 be 

d e t e r m i n e d  by the  e x t e n t  t o  which t he  e v e n t ' s  s t r u c t u r a l  i n v a r i a n t s  

c o n f i r m  or  v i o l a t e  our  e x p e c t a n c i e s .

A t h i r d  c o n t r a s t  i n v o l v e s  t he  i s s u e  of  c o m p l e x i t y .  The 

i n f o r m a t i o n - p r o c e s s i n g  mode l s  have d e f i n e d  c o m p l e x i t y  in t e rm s  o f  t he  

c o n t e n t s  o f  memory,  p r o c e s s i n g  e f f o r t ,  or  t he  d e g r ee  of  c o g n i t i v e  

c h an g e .  The prob l em i s  t h a t  c o m p l e x i t y  i s  d e f i n e d  r e l a t i v e  t o  

h y p o t h e t i c a l  c o n s t r u c t s  and does  no t  c l e a r l y  a p p l y  t o  the  s t r u c t u r e  of 

n a t u r a l  e v e n t s .  The Expe c t a nc y  Model ,  however ,  h a s  r e d e f i n e d  the  

c o n c e p t  o f  c o m p l e x i t y  in t e rms  o f  v i o l a t e d  e x p e c t a n c i e s  where  

e x p e c t a n c i e s  a r e  d e t e r m i n e d  by p r e c e d i n g  e v e n t  s t r u c t u r e .
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M a n i p u l a t i o n s  o f  " c o m p l e x i t y *  i n v o l v e  v a r i a t i o n s  o f  t h o s e  s t r u c t u r a l  

i n v a r i a n t s  wh i ch  a p e r c e i v e r  h a s  e x p e c t e d  t o  o c c u r .  T h i s  t h e n  r e s u l t s  

in a more p r e c i s e  d e f i n i t i o n  of  c o m p l e x i t y  and an e x p e r i m e n t a l  

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

and l a b o r a t o r i e s .

In  summary,  t h e  i n f o r m a t i o n - p r o c e s s i n g  and e x p e c t a n c y  mode l s  of  

j u d g e d  d u r a t i o n  o f f e r  two d i f f e r e n t  p e r s p e c t i v e s  on t h e  " f i l l e d  

i n t e r v a l  e f f e c t " ,  A c c o r d i n g  t o  t he  p r e s e n t  v i e w ,  t h e  r e l a t i v e  j udgment  

o f  two f i l l e d  i n t e r v a l s  w i l l  depend  on t he  e v e n t ' s  s t r u c t u r e .  I f  t h e  

e v e n t ' s  r h y t h m i c  s t r u c t u r e  d o e s  n o t  g e n e r a t e  l i s t e n e r  e x p e c t a n c i e s ,  

t h e n  j u d g e d  d u r a t i o n  w i l l  be d e t e r m i n e d  by t h e  t o t a l  number of  

r h y t h m i c  b e a t s .  O t h e r w i s e ,  d u r a t i o n  e s t i m a t e s  w i l l  be d e t e r m i n e d  by 

t h e  e x t e n t  t o  wh i ch  an e v e n t ' s  end  c o n f i r m s  or  v i o l a t e s  a p e r c e i v e r ' s  

e x p e c t a n c  i e s .

In t h e  n e x t  two c h a p t e r s ,  s u p p o r t  f o r  t h i s  e x p e c t a n c y  model  w i l l  

be s o u g h t  in t e r m s  of  t h e  v a r i o u s  e x p e r i m e n t s  t h a t  1 o u t l i n e d  e a r l i e r .  

C h a p t e r  8 e x a m i n e s  e f f e c t s  o f  p a t t e r n  r e s o l u t i o n  w h i l e  C h a p t e r  9 w i l l  

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

C h a n t e r  Summary

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

h a s  been  o f f e r e d .  Based upon t h e  a s s u m p t i o n s  o f  Rhythmic  A t t e n d i n g  

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

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

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

e x p e c t a n c i e s  a b ou t  when an e v e n t  w i l l  e n d .  D u r a t i o n  e s t i m a t e s  a r e  t he n
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d e t e r m i n e d  r e l a t i v e  t o  t h e  con-f i rmat  i on o r  v i o l a t i o n  o-f t h e s e  

e x p e c t a n c i e s .  I-f an e v e n t  ends  a s  e x p e c t e d ,  t he n  no t i me  e r r o r s  w i l l  

o c c u r .  However ,  o v e r e s t i m a t i o n s  o-f d u r a t i o n  w i l l  a r i s e  whenever  an 

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

o c c u r  w he ne ve r  an e v e n t  e n d s  e a r l i e r  t ha n  e x p e c t e d .  In a d d i t i o n ,  

e v e n t s  t h a t  l a c k  a  p e r c e p t i b l e  end w i l l  e n c o u r a g e  a me n t a l  

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

d u r a t  i o n .

C o n t r a s t e d  w i t h  t h e  i n f o r m a t i o n - p r o c e s s i n g  a p p r o a c h ,  t h i s  Ex p ec t a n cy  

Model was  a r g u e d  t o  o f f e r  g r e a t e r  p a r s i m o n y  and e c o l o g i c a l  v a l i d i t y .



CHAPTER EIGHT 

EFFECTS OF PATTERN RESOLUTION UPON JUDGED DURATION 

EXPERIMENTS THREE AND FOUR

In the  c o u r s e  o-f a  d a y ' s  a c t i v i t i e s ,  t h e r e  a r e  many s i t u a t i o n s  

whe re  we a r e  r e q u i r e d  t o  a n t i c i p a t e  an e v e n t ' s  e nd .  The smooth 

e xcha nge  o-f s p e a k i n g  r o l e s ,  -for e x a m p l e ,  i m p l i e s  t h a t  a l i s t e n e r  can 

a n t i c i p a t e  when a  s p e a k e r  w i l l  - f i n i sh  h e r  u t t e r a n c e  (Wiemann & Knapp 

19 7 5 ) .  S i m i l a r l y ,  we mus t  a n t i c i p a t e  t he  - fu tu re  t ime c o u r s e  o-f our  c a r  

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

A l t h ou gh  t h e r e  a r e  many s i t u a t i o n s  l i k e  t h e s e ,  t h e  e x i s t i n g  

l i t e r a t u r e  d o e s  n o t  t e l l  u s  how a p e r c e i v e r  i s  a b l e  t o  a n t i c i p a t e  t he

f u t u r e  e n d i n g  of  an e v e n t .  The i n f o r m a t i o n - p r o c e s s i n g  pa r ad i gm ha s

i g n o r e d  t h e  i s s u e  w h i l e  D i r e c t  P e r c e p t i o n  t h e o r i s t s  have  o n l y  examined  

s i t u a t i o n s  i n v o l v i n g  * t i m e - t o - c o l 1 i s i o n "  -  t h a t  i s ,  j u d g i n g  when one 

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

v e l o c i t y  c o u r s e .  T h i s  l i t e r a t u r e  may d e s c r i b e  how a p e r c e i v e r  

r e s p o n d s  t o  an i n t e r r u o t e d  e n d i n g  b u t  i t  f a i l s  t o  a d d r e s s  how we a r e  

a b l e  t o  p e r c e i v e  and a n t i c i p a t e  a more n a t u r a l  e n d i n g .

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

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

-  in p a r t i c u l a r ,  t he  n a t u r a l  e n d i n g  o f  a m u s i c a l  c o m p o s i t i o n .  I f  s o ,  

t h e n  l i s t e n e r s  may be a t t u n e d  t o  t h e s e  i n v a r i a n t s  and e x p e c t  t h e i r
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p r e s e n c e  wheneve r  a me lody  i s  h e a r d .  T h i s  in t u r n  may e x p l a i n  how a 

l i s t e n e r  can  o-f ten a n t i c i p a t e  t h e  - fu ture  e n d i n g  o-f a me l o d y .  A s econd  

and more i m p o r t a n t  goa l  i s  t o  d e t e r m i n e  w h e t h e r  v i o l a t i o n s  o-f a 

m e l o d y ' s  e n d i n g  c r e a t e s  u n d e r  and o v e r e s t i m a t i o n s  o f  j u d g e d  d u r a t i o n .  

E x p e r i m e n t  3 i n v e s t i g a t e s  how j u d g e d  d u r a t i o n  i s  a-f-fected by m e l o d i e s  

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

E x p e c t a n c y  Mode l ,  p e r c e i v e r s  may m e n t a l l y  e x t r a p o l a t e  t h e  t ime c o u r s e  

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

E x pe r i me n t  4 ,  on t he  o t h e r  h a nd ,  e x ami nes  t h e  d u r a t i o n  e s t i m a t e s  o-f 

m e l o d i e s  c o n t a i n i n g  a p e r c e p t i b l e  end b u t  one which v i o l a t e s  a 

p e r c e i v e r ' s  e x p e c t a n c i e s .  H e r e ,  u n d e r e s t i m a t i o n s  a r e  p r e d i c t e d  t o  

o c c u r  whenever  m e l o d i e s  end b e f o r e  e x p e c t e d .  Thes e  v a r i o u s  e x p e r i m e n t s  

t h e n  a r e  d e s i g n e d  t o  t e s t  some a s s u m p t i o n s  of  t he  E x p e c t a n c y  Model .

As b e f o r e ,  p r e d i c t i o n s  w i l l  be c o n t r a s t e d  w i t h  t h o s e  g e n e r a t i n g  f rom 

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

some s t r u c t u r a l  i n v a r i a n t s  t h a t  may s p e c i f y  a m e l o d y ' s  end and how 

b e h a v i o r  may be a f f e c t e d  by t h e  p r e s e n c e  o r  a b s en c e  of  such 

i n v a r  i a n t s .

Mu s i ca l  R e s o l u t i o n

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

c o n v e n t i o n s  u s e d  t o  s i g n i f y  a m e l o d y ' s  e nd .  Many o f  t h e s e  t e c h n i q u e s  

a r e  r e l a t i v e l y  complex and i n v o l v e  v a r i a t i o n s  of  m e l o d i c  p a s s a g e s ,  A 

v e r y  s i m p l e  o n e ,  howeve r ,  i n v o l v e s  p r o p e r t i e s  of  t h e  f i n a l  n o t e .  As 

Meye r s  ( 1956)  h a s  s t a t e d  in h i s  book Emot ion and Meaning  in Mus i c ;
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"A ■feel ing o-f ha rmoni c  c o m p l e t e n e s s  a r i s e s  when 
t h e  mus i c  r e t u r n s  t o  t h e  ha rmoni c  b as e  -from which 
i t  began or  moves t o  one whi ch  was in some wax 
i m p l i c i t  in t he  o p e n i n g  m a t e r i a l s . “ ( p .  150)

In  o t h e r  w o r d s ,  m u s i c i a n s  w i l l  t y p i c a l l y  end a c o m p o s i t i o n  on t he  

t o n i c  o r  t h e  key wh i ch  i s  i n t r o d u c e d  a t  t h e  c o m p o s i t i o n ' s  b e g i n n i n g .

By r e t u r n i n g  u s  t o  t h e  p o i n t  where  we - f i r s t  b e g a n ,  t he  composer  h a s  

c r e a t e d  a s u b j e c t i v e  s e n s e  of  s t a b i l i t y  and c l o s u r e .  The t o n i c  n o t e  

by i t s e l f ,  h owe v e r ,  w i l l  n o t  n e c e s s a r i l y  i mp a r t  a s e n s e  of  f i n a l i t y  

b e c a u s e  i t  can o c c u r  t h r o u g h o u t  a me l ody .  T h u s ,  a m u s i c i a n  w i l l  

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

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

a c c o r d i n g  t o  Meye r s  <1956) ,  communi ca t e s  t h a t  t h e  t o n i c  w i l l  n o t  

i n i t i a t e  a new m e l o d i c  p a s s a g e  bu t  c o n c l u d e s  t h e  p a s s a g e  t h a t  h a s  

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

a m e l o d y ' s  end i s  t e rmed  r e s o l u t i o n  . M u s i c i a n s  assume t h a t  l i s t e n e r s  

w i l l  e v e n t u a l l y  l e a r n  t h i s  c o n v e n t i o n  and Know t h a t  i t ' s  i n t e n d e d  t o  

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

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

compos i t  i o n .

R e s o l u t i o n  i s  n o t  e x c l u s i v e  t o  mus i c  b u t  a l s o  o c c u r s  in s p e e c h .  A 

s p e a k e r ' s  p i t c h  i n t o n a t i o n  w i l l  o f t e n  f a l l  a t  t h e  end  of  an u t t e r a n c e  

t o  s i g n a l  t h a t  she  h a s  f i n i s h e d  s p e a k i n g  ( P i k e  1946 ) .  In a d d i t i o n ,  

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

w o r ds  ( L e h i s t e  1 9 7 5 ) .  James  M a r t i n  ( 1 9 7 2 ) ,  in f a c t ,  h a s  i n c o r p o r a t e d  

t h i s  e n d - l e n g t h e n i n g  e f f e c t  i n t o  h i s  t h e o r y  of  l a n g u a g e  b e h a v i o r .  In
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t h i s  t h e o r y ,  he d e m o n s t r a t e s  how t he  r h y t h m i c  s t r u c t u r e  of  s p e e c h  can 

be h i e r a r c h i c a l l y  r e p r e s e n t e d  in t e r ms  of  a c c e n t  r u l e s .  One o f  t h e s e  

i s  t e rmed  t h e  " t e r m i n a l  r u l e "  and s p e c i f i e s  t h a t  t h e  f i n a l  word of  an 

u t t e r a n c e  w i l l  a l w a y s  be p r o l o n g e d .  L e h i s t e  <1975)  h a s  f u r t h e r  

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

a w a r e n e s s  of  t h i s  c o n v e n t i o n .  Us i ng  a s pe e c h  s y n t h e s i z e r ,  she 

p r o d u c e d  a s e r i e s  o f  f o u r - w o r d  s e n t e n c e s  where  t h e  d u r a t i o n  o f  each 

word  c o u l d  be e x p e r i m e n t a l l y  m a n i p u l a t e d .  When s u b j e c t s  were  a s ke d  t o  

j u d g e  t he  d u r a t i o n  o f  v a r i o u s  w o r d s ,  she  f o u nd  t h a t  t h e  l a s t  word was 

u n d e r e s t i m a t e d  when i t  was of  t h e  same d u r a t i o n  ( i s o c h r o n o u s )  a s  

p r e c e d i n g  w o r d s .  T h a t  i s ,  s u b j e c t s  e x p e c t e d  the  l a s t  word t o  be 

p r o l o n g e d  and when i t  w a s n ' t ,  i t  was  p e r c e i v e d  a s  b e i n g  r e l a t i v e l y  

s h o r t e r .

Assumi ng t h a t  l i s t e n e r s  a r e  a t t u n e d  t o  m u s i c a l  r e s o l u t i o n ,  how 

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

A c c o r d i n g  t o  Me y e r s ,  m u s i c a l  l i s t e n e r s  e x p e c t  a me l ody  t o  u n f o l d  to  

i t s  p r o p e r  c o m p l e t i o n  and  when i t  d o e s n ' t ,  f e e l i n g s  o f  f r u s t r a t i o n  and 

a n x i e t y  a r e  c r e a t e d .  T h i s  i s  an u n r e s o l v e d  e x p e r i e n c e .  Of g r e a t e r  

i n t e r e s t  h e r e ,  c o n s i d e r  how j u d g e d  d u r a t i o n  may be a f f e c t e d  by an 

u n r e s o l v e d  me l o d y .  T h i s  l a c k  of  r e s o l u t i o n  may be c r e a t e d  t h r o u g h  

m a n i p u l a t i o n s  o f  t h e  t e mpor a l  o r  ha r moni c  r e l a t i o n s h i p  o f  t he  f i n a l  

n o t e .  For  e x a m p l e ,  l e t ' s  f i r s t  su p p o s e  t h a t  t h e  m e l o d y ' s  f i n a l  n o t e  

i s  e n d - l e n g t h e n e d  b u t  i s  a n o n t o n i c  n o t e .  A l t h ou gh  t h e  p r o l o n g e d  

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

us  t o  t h e  m e l o d y ' s  b e g i n n i n g  -  i t  l e a v e s  u s  “h a n g i n g " .  S i n c e  t he
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melody s h o u l d  a p p e a r  t o  end t oo  e a r l y ,  i t s  d u r a t i o n  i s  p r e d i c t e d  t o  be

u n d e r e s t i m a t e d .  T h i s  p o s s i b i 1 i t y  w i 11 be e x p l o r e d  in Exper i ment  4 .

L e t ' s  n e x t  s uppose  t h a t  t he  d u r a t i o n  o f  t he  f i n a l  n o t e  i s  

i d e n t i c a l  < i e .  i s o c h r o n o u s )  t o  t h a t  of  p r e c e d i n g  n o t e s .  Even though 

the  melody may end on t h e  t o n i c ,  a s en s e  o f  c o m p l e t e n e s s  s h o u l d  be 

l a c k i n g .  The t o n i c  n o t e  i t s e l f  can occu r  t h r o u g h o u t  t he  melody and i t  

i s  r e a l l y  t he  e n d - l e n g t h e n i n g  e f f e c t  which u n i q u e l y  s p e c i f i e s  a s ense  

of  f i n a l i t y .  S i n c e  t he  melody l a c k s  a p e r c e p t i b l e  e nd ,  t he  Expec t ancy  

Model p r e d i c t s  t h a t  1 i s t e n e r s  w i 11 m e n t a l l y  e x t r a p o l a t e  t he  d u r a t i o n  

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

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

d u r a t i o n .  D u r a t i o n  e s t i m a t e s  s h o u l d  be even l o n g e r  i f  t he  melody ends

on a n o n t o n i c  n o t e .  Here t he  l i s t e n e r  i s  assumed t o  m e n t a l l y  

e x t r a p o l a t e  bo t h  t he  m i s s i n g  t o n i c  and the  e n d - l e n g t h e n i n g  e f f e c t .  

R e l a t i v e  t o  a melody e n d i n g  on t he  t o n i c ,  a melody w i t h  a n o n t o n i c  

e n d i ng  s h o u l d  t h e r e f o r e  seem l o n g e r  in d u r a t i o n .  The p u r po s e  of  

Expe r i men t  Th r ee  i s  t o  examine t h i s  h y p o t h e s i s .

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

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

t he  c o n v e n t i o n a l  p r o p e r t i e s  of  t he  f i n a l  n o t e .  Do l i s t e n e r s  r e a l l y  

e x pe c t  a melody t o  end on a p r o l o n g e d  t o n i c ?  I f  s o ,  what  s o r t s  of  

m e l o d i e s  seem t o  be t h e  mos t  u n r e s o l v e d ?  To a d d r e s s  t h e s e  q u e s t i o n s ,  

an i n i t i a l  r a t i n g  s t u d y  was c o n d u c t e d .  S e v e r a l  s h o r t  s o n g s  were 

m o d i f i e d  such t h a t  t he  f i r s t  and f i n a l  n o t e s  were  a l ways  t h e  t o n i c .  

These  m e l o d i e s  were  t h e n  v a r i e d  such t h a t  t h e  f i n a l  n o t e  d i s p l a y e d
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d i f f e r e n t  ha rmoni c  r e l a t i o n s h i p s  w i t h  t he  t o n i c .  In some,  the  f i n a l  

n o t e  m a i n t a i n e d  an i n t i m a t e  r e l a t i o n s h i p  w i t h  t he  t o n i c  ( i e .  ma j o r  

c h o r d  members)  w h i l e  in o t h e r s ,  t he  r e l a t i o n s h i p  was more d i s t a n t  ( i e .  

n on - ma j o r  c h o r d  member s ) .  S u b j e c t s  were  t hen  p r e s e n t e d  w i t h  t h e s e  

m e l o d i e s  and a s k e d  t o  r a t e  each  f o r  i t s  de g r e e  of  r e s o l u t i o n .  The 

d e t a i l s  of  t h i s  r a t i n g  s t u d y  a r e  p r e s e n t e d  n e x t .

Expe r i men t  3a -  R a t i n g s

The p u r po s e  o f  t h i s  i n i t i a l  s t u d y  i s  t w o - f o l d .  F i r s t ,  we must  

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

f i n a l  n o t e  -  o t h e r w i s e ,  i t  becomes p o i n t l e s s  t o  s t u d y  j u dg e d  d u r a t i o n  

a s  a f u n c t i o n  of  p a t t e r n  r e s o l u t i o n .  Second ,  we must  d e t e r m i n e  what

s o r t  of  f i n a l  n o t e  i s  mos t  a p t  t o  make a melody seem u n r e s o l v e d  -  a s

i t  t he  melody h as  been i n t e r r u p t e d  b e f o r e  i t s  e x p e c t e d  e n d i n g .

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

f o r  a d d r e s s i n g  t h i s  l a t t e r  q u e s t i o n .  T h i s  work ha s  been c o nd u c t ed  by 

Carol  Krumhansl  (1979)  who h as  a t t e m p t e d  t o  i d e n t i f y  how the  a b s t r a c t  

t o n a l  s ys t e m of  Wes t e rn  mus ic  i s  m e n t a l l y  r e p r e s e n t e d .  She p r o p o s e s  

t h a t  each  d i a t o n i c  s c a l e ,  which  p r o v i d e s  t he  f o u n d a t i o n  f o r  any g i ve n  

me l ody ,  i s  r e p r e s e n t e d  in t e rm s  of  a t o n a l  h i e r a r c h y .  Those n o t e s  

a c t i n g  a s  o r g a n i z a t i o n a l  f o c i ,  or  c o g n i t i v e  r e f e r e n c e  p o i n t s ,  a r e  

t h o s e  t h a t  a r e  h a r m o n i c a l l y  r e l a t e d  t o  t he  t o n i c ,  These  n o t e s  can be 

e a s i l y  i d e n t i f i e d  f o r  any g i v e n  s c a l e  b e c a u s e  t he y  compr i s e  the  n o t e s  

o f  t he  ma j o r  c h o r d .  In the  C ma j o r  s c a l e ,  f o r  exampl e ,  t h e s e  n o t e s  

a r e  C ( t o n i c ) ,  E ( ma j o r  t h i r d ) ,  and 6 ( d o m i n a n t ) .  At t he  n e x t  lower  

l e v e l  of  t he  t o n a l  h i e r a r c h y  a r e  the  r e m a i n i n g  n o t e s  of  t he  s c a l e  ( i e .
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D F A B ) ,  and a t  t he  l o w e s t  l e v e l  of  a l l  a r e  t h o s e  n o t e s  o u t s i d e  t h a t  

g i v e n  d i a t o n i c  s c a l e  (DH, Fit, Gtt, , Ct t ) . Us ing a wide  v a r i e t y  of 

e x p e r i m e n t a l  t a s k s ,  Krumhansl  and he r  s t u d e n t s  have d e m o n s t r a t e d  t h a t  

l i s t e n e r s  do seem d i f f e r e n t i a l l y  s e n s i t i v e  t o  t h e s e  v a r i o u s  l e v e l s  of  

t h e  t o n a l  h i e r a r c h y  ( e g .  Krumhansl  & S he pa r d  1979;  Krumhans l ,

B h a r u c h a ,  & C a s t e l l a n o  1982;  Bharucha  & Krumhansl  1983) .

In r e g a r d  t o  t he  i s s u e  o f  p a t t e r n  r e s o l u t i o n ,  Krumhans l / s  model 

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

r e l a t e d  t o  t he  t o n i c  ( i e .  members of  t he  ma j o r  cho r d )  s h o u l d  p r o v i d e  

g r e a t e r  p a t t e r n  r e s o l u t i o n  than  n o t e s  which  a r e  lower  on t he  t ona l  

h i e r a r c h y .  T h u s ,  i f  t he  f i n a l  t o n i c  o f  a melody i s  r e p l a c e d  by the  

domi nan t  o r  ma j o r  t h i r d ,  t h i s  melody s h o u l d  seem more r e s o l v e d  than  a 

melody e n d i n g  on one of  t he  r e m a i n i n g  s c a l e  n o t e s .

T h e r e  i s ,  however ,  a n o t h e r  p o s s i b i l i t y  t h a t  Krumhans l " s  model 

i g n o r e s .  T h a t  i s ,  n o t e s  t h a t  a r e  more d i s t a n t l y  r e l a t e d  t o  t he  t o n i c  

may n o t  c r e a t e  t he  same d e g r e e  of  u n r e s o l v e d n e s s .  As some have 

i l l u s t r a t e d  ( e g .  B u t l e r  it Brown 1984;  Brown & B u t l e r  1981 ) ,  t he  

p e r c e p t i o n  of  harmoni c  r e l a t i o n s h i p s  o f t e n  depends  on a m e l o d y ' s  

p r e c e d i n g  c o n t e x t .  In t h i s  c a s e ,  a melody may seem more u n r e s o l v e d  i f  

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

H e r e ,  t h e  e n d i n g  does  n o t  r e t u r n  us  t o  t h e  m e l o d y ' s  b e g i n n i n g  ( i e .  t he  

t o n i c )  b u t  t o  some o t h e r  n o t e  t h a t  h a s  r e c e n t l y  o c c u r r e d  -  l e a v i n g  us 

in a c i r c u l a r  loop  w i t h  no e x i t .  S i m i l a r l y ,  a s e n s e  o f  u n r e s o l v e d n e s s  

may a r i s e  f rom an e n d i n g  t h a t  i n v o l v e s  t he  l e a d i n g  t o n e .  The l e a d i n g  

t one  i s  t h a t  n o t e  which i mme d i a t e l y  p r e c e d e s  t he  t o n i c  in a d i a t o n i c
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s c a l e  ( i e .  B in C m a j o r  s c a l e ) .  S i n c e  t h i s  l e a d i n g  t one  o f t e n  

p r e c e d e s  t h e  f i n a l  p r o l o n g e d  t o n i c ,  a  me l ody  e n d i n g  on the  l e a d i n g  

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

a r e  d e t e r m i n e d  by t h e s e  v a r i o u s  s o r t s  of  ha rmoni c  r e l a t i o n s h i p s ,  t he  

f o l l o w i n g  s t u d y  was  c o n d u c t e d .

Method

Des ign  and S u b j e c t s

The d e s i g n  i s  a 4 x 5 x 2 mi xed  f a c t o r i a l .  Four  l e v e l s  of  song 

a r e  c r o s s e d  w i t h  f i v e  l e v e l s  o f  m e l o d i c  e n d i n g  ( T o n i c ,  Dominan t ,  Major  

T h i r d ,  L e a d i n g  Tone ,  P r e v i o u s  C o n t e x t  N o t e ) .  The s i n g l e  

b e t w e e n - s u b j e c t s  v a r i a b l e  i s  c o u n t e r b a l a n c e  o r d e r  ( 1 ,  I I ) .

Ten s u b j e c t s ,  r e c r u i t e d  f rom I n t r o d u c t o r y  P s y c h o l o g y ,  

p a r t i c i p a t e d  in t he  e x p e r i m e n t  f o r  c o u r s e  c r e d i t .  None had e v e r  

p l a y e d  a m u s i c a l  i n s t r u m e n t .  F i v e  were  r andoml y  a s s i g n e d  t o  each 

c o u n t e r b a l a n c e  o r d e r .

S t i m u l u s  M a t e r i a l s

Four  m e l o d i e s  ( F i g u r e  6)  we re  s e l e c t e d  f rom an e l e m e n t a r y  m u s i c a l  

c o m p o s i t i o n  b o o k .  The s e  m e l o d i e s  r e f l e c t  a  d i v e r s e  r a n g e  of  mus i c  and 

d i f f e r  in t e r m s  o f  t o t a l  number o f  n o t e s  ( r a n g e  -  16 t o  27 n o t e s ) ;  

m e t e r  ( 2 / 4 ,  3 / 4 ,  4 / 4 ) ;  t o t a l  d u r a t i o n  ( r a n g e  = 6600 ms.  t o  B700 m s ) ;  

and m u s i c a l  key  (C or  F m a j o r ) .  In  a l l  c a s e s ,  howeve r ,  t he  f i r s t  and 

f i n a l  n o t e  o f  eac h  melody i s  a l w a y s  t h e  t o n i c  (C or  F ) . In  a d d i t i o n ,  

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

p r e c e d i n g  n o t e s .
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For each  me l o d y ,  t h e  - f inal  t o n i c  was r e p l a c e d  by -four o t h e r  

n o t e s .  Two o f  t h e s e  were  members  of  t h e  m e l o d y ' s  m a j o r  c h o r d :  t he  

do mi na n t  and m a j o r  t h i r d .  The r e m a i n i n g  two n o t e s  bore  a  more d i s t a n t  

r e l a t i o n s h i p  t o  t h e  t o n i c .  One i s  t e rmed  t he  Le a d i ng  Tone and i s  t h a t  

n o t e  which  i m me d i a t e l y  p r e c e d e s  t h e  t o n i c  in i t s  d i a t o n i c  s c a l e .  The 

o t h e r  i s  t e r me d  t h e  " P r e v i o u s  Co n t e x t  Note"  b e c a u s e  i t  i s  t h e  same 

n o t e  t h a t  b e g i n s  t he  m e l o d y ' s  l a s t  m e a s u r e .  Al l  f i n a l  n o t e  t y p e s  

p r e s e r v e d  a  m e l o d y ' s  t o t a l  d u r a t i o n  and a r e  shown in F i g u r e  6.

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

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

T r i a l s  we re  r a n d o mi z e d  i n t o  t h r e e  b l o c k s  of  t w e n t y ,  r e s u l t i n g  in t h r e e  

p r e s e n t a t i o n s  of  each  me lody  f o r  a g i v e n  s u b j e c t .

A p p a r a t u s

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

P r o c e d u r e

Reco r de d  i n s t r u c t i o n s  i n f o r me d  s u b j e c t s  of  p a t t e r n  p r e s e n t a t i o n  

d e t a i l s  and t a s k  r e q u i r e m e n t s .  On each  t r i a l ,  a one s e c o nd  w a r n i n g  

t o n e  <5000 hz)  p r e c e d e d  a me l ody  by 2 s e c o n d s .  D u r in g  a 7 s econd  

r e s p o n s e  p e r i o d ,  s u b j e c t s  we re  t h e n  a s k e d  t o  r a t e  a me lody f o r  i t s  

d e g r e e  o f  r e s o l u t i o n .  A r e s o l v e d  me lody  was  d e s c r i b e d  a s  " h a v i n g  an 

a p p r o p r i a t e  h a r mon i c  e n d i n g  -  an e n d i n g  t h a t  i s  s a t i s f y i n g  and makes  

t h e  me lody  s ound  in f a c t  l i k e  i t  i s  o v e r . "  An u n r e s o l v e d  me lody  was 

d e s c r i b e d  a s  " h a v i n g  an i n a p p r o p r i a t e  ha rmoni c  e n d i n g  whose f i n a l  n o t e  

makes  t h e  me l ody  s ound  i n c o m p l e t e  and l i k e  i t  e nded  b e f o r e  i t  s h o u l d  

h a v e . "  A t e n  p o i n t  r a t i n g  s c a l e  was p r o v i d e d .  S u b j e c t s  were  i nformed
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t h a t  a  r a t i n g  o f  1,  2 ,  o r  3 i n d i c a t e d  t h a t  t h e  me lody was u n r e s o l v e d ,  

and t h a t  v a l u e s  o f  8 ,  9 ,  o r  10 wou l d  i n d i c a t e  t h a t  a me lody was 

r e s o l v e d .  A t h i r d  k i n d  o f  p e r c e p t u a l  j u dgmen t  was r e p r e s e n t e d  by the  

v a l u e  o f  5 on t h i s  s c a l e .  S u b j e c t s  we re  t o l d  t o  c i r c l e  t h i s  number i f  

t h e  me lody  seemed " a t o n a l " .  An a t o n a l  e n d i n g  wou ld  sound n e i t h e r  

r e s o l v e d  nor  u n r e s o l v e d  b u t  a s  i f  t h e  m u s i c i a n  had made an e r r o r  on 

t h e  l a s t  n o t e .  S u b j e c t s  were  e n c o u r a g e d  t o  u s e  t h e  e n t i r e  r a n ge  of  

numbers  t o  r e p r e s e n t  t h e i r  j u d g m e n t s .

Each s u b j e c t  r e c e i v e d  3 b l o c k s  o f  20 t r i a l s ,  a b r i e f  r e s t  b e i n g  

p r o v i d e d  a f t e r  e ac h  b l o c k .  An e n t i r e  e x p e r i m e n t a l  s e s s i o n  was 

a p p r o x i m a t e l y  30 m i n u t e s  in d u r a t i o n .

R e s u l t s

Two s o r t s  of  a n a l y s e s  were  p e r f o r m e d  on t h e s e  p e r c e p t u a l  r a t i n g s .  

One d e t e r m i n e d  t h e  p r o p o r t i o n  of  " a t o n a l "  r a t i n g s  f o r  each  

e x p e r i m e n t a l  p a t t e r n .  T h a t  i s ,  wha t  p e r c e n t a g e  o f  s u b j e c t s  on a l l  

t r i a l s  a s s i g n e d  t h e  v a l u e  o f  5 t o  a g i v e n  m e l o d y ,  i n d i c a t i n g  t h a t  i t s  

l a s t  n o t e  s ounded  l i k e  a m u s i c a l  e r r o r .  S i n c e  t h e  goal  o f  t h i s  

e x p e r i m e n t  i s  t o  o b t a i n  a s e t  of  r e s o l v e d  and u n r e s o l v e d  m e l o d i e s ,  any 

m e l o d i c  e n d i n g  t h a t ' s  j u d g e d  a s  s i g n i f i c a n t l y  a t o n a l  w i l l  be d i s c a r d e d  

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

r a t i n g  f o r  eac h  p a t t e r n  when t h e s e  a t o n a l  r a t i n g s  were  removed.  

P r o p o r t i o n  o f  A t o n a l  R a t i n o s

The r e s u l t s  of  t h i s  a n a l y s i s  r e v e a l e d  t h a t  some m e l o d i e s  were  in 

f a c t  r a t e d  a s  s i g n i f i c a n t l y  a t o n a l . T a b l e  12 d e p i c t s  t he  p r o p o r t i o n  

of  a t o n a l  r a t i n g s  f o r  each  song  a s  a f u n c t i o n  o f  i t s  ha rmoni c  e n d i n g .
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TABLE 12

MEAN "ATONAL" RATINGS FOR SONGS OF EXPERIMENT 3A 
AS A FUNCTION OF HARMONIC ENDING.

HARMONIC ENDING

MAJOR PREVIOUS LEADING 
TONIC DOMINANT THIRD CONTEXT TONE MEANS

CZECH

AGO

PONT

CUCKOO

.00 .17 .13 .33 .87 .30

.00 .33 .03 . 23 .47 .25

.00 .37 .47 .37 .47 .38

.00 .10 .03 .20 .87 .24

MEANS .00 . 24 .17 .28 .77
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A main e f f e c t  f o r  ha r mon i c  e n d i n g  <F4,  32 = 6 2 . ? ? ,  p<.OO01,  MSe =

.052)  r e v e a l s  t h a t  m e l o d i e s  e n d i n g  on t h e  l e a d i n g  t one  were  r a t e d  as

h i g h l y  a t o n a l .  I t s  mean v a l u e  o f  .77  s i g n i f i c a t l y  d i f f e r e d  f rom z e r o  

a t o n a l i t y  ( B o n f e r r o n i  F2,  32 = 7 . 4 ,  p < . 0 1 )  and  the  o t h e r  f o u r  l e v e l s  

o f  ha r mon i c  e n d i n g  <a 11 B o n f e r r o n i s  s i g n i f i a n t  a t  . 0 1 ) .  M e l o d i e s  

e n d i n g  on t h e  t o n i c ,  d o m i n a n t ,  m a j o r  t h i r d ,  and p r e v i o u s  c o n t e x t  n o t e  

were  n o t  r a t e d  a s  s i g n i f i c a n t l y  a t o n a l .

R e s u l t s  a l s o  r e v e a l e d  a s i g n i f i c a n t  s ong  x ha rmoni c  e n d i n g  

i n t e r a c t i o n  <F I 2 ,  96 ~ 4 . 0 6 ,  p < . 0 0 0 1 ,  MSe = . 0 3 7 ) .  T h i s  i n t e r a c t i o n  

i s  p r i m a r i l y  an o r d i n a l  one where  t h e  l e a d i n g  t one  a p p e a r s  more a t o n a l  

on some s o n g s  < i e .  Czech ,  Cuckoo)  t h a n  on o t h e r s  ( i e .  Ago,  P o n t ) .  One

anomaly o c c u r s  when t h e  Pon t  s ong  e n d s  on t h e  m a j o r  t h i r d .  R e l a t i v e

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

r a t e d  a s  s i g n i f i c a n t l y  a t o n a l  <F2,  ?6 = 5 , 5 ,  p < . 0 1 ) .  T h i s  may s t em 

f rom t h e  f a c t  t h a t  t h i s  i s  t he  o n l y  song in which  t h e  ma j o r  t h i r d  i s  

n o t  t e m p o r a l l y  a c c e n t e d  d u r i n g  t h e  m e l o d y ' s  p r e c e d i n g  c o n t e x t .  T h i s  

l a c k  o f  t e mpor a l  a c c e n t u a t i o n  may c a u s e  t he  ha r mon i c  r e l a t i o n s h i p  

be t ween  t h e  m a j o r  t h i r d  and t o n i c  t o  be p e r c e p t u a l l y  l e s s  s a l i e n t .

In summary,  m e l o d i e s  e n d i n g  on t he  l e a d i n g  t o n e  sound n e i t h e r  

r e s o l v e d  or  u n r e s o l v e d  -  i n s t e a d ,  t h e  m u s i c i a n  a p p e a r s  t o  have made a 

p e r f o r m i n g  e r r o r .  S i n c e  s u b s e q u e n t  s t u d i e s  a r e  d e s i g n e d  t o  i n v e s t i g a t e  

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

f o r  f u r t h e r  e v a l u a t i o n .
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Mean R e s o l u t i o n  R a t i n o s

T a b l e  13 d e p i c t s  t h e  mean r e s o l u t i o n  r a t i n g  t o r  m e l o d i e s  e n d i n g  

on t h e  t o n i c ,  d o m i n a n t ,  m a j o r  t h i r d ,  and p r e v i o u s  c o n t e x t  n o t e .  In 

c a l c u l a t i n g  t h e s e  me a ns ,  t h e  a t o n a l i t y  r a t i n g  o-f 5 was  a l w a y s  i g n o r e d .  

Hi gher  v a l u e s  w i t h i n  t h i s  t a b l e  i n d i c a t e  t h a t  m e l o d i e s  seemed r e s o l v e d  

and had  a s e n s e  o-f - f i n a l i t y .  Lower v a l u e s  i n d i c a t e  t h a t  m e l o d i e s  

seemed u n r e s o l v e d  and e nde d  t o o  e a r l y .

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

s h o u l d  be r a t e d  a s  t h e  mos t  r e s o l v e d .  High r e s o l u t i o n  r a t i n g s  s h o u l d  

a l s o  be a s s o c i a t e d  w i t h  m e l o d i e s  e n d i n g  on t h e  domi nan t  and ma j o r  

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

mos t  u n r e s o l v e d  m e l o d i e s  s h o u l d  be t h o s e  e n d i n g  on t h e  same n o t e  a s  

t h a t  i n i t i a t i n g  t h e  - f inal  m e a s u r e .  A m a i n  e f - f e c t  f o r  ha r mon i c  e n d i n g  

<F3,  24 = 9 9 . 4 3 ,  p < . 0 0 0 1 ,  MSe = 2 . 3 2 )  r e v e a l e d  t h a t  t h e  t o n i c  e n d i n g  

d i d  in - fact  p r o v i d e  t h e  g r e a t e s t  s e n s e  o-f - f i n a l i t y .  I t s  mean v a l u e  o-f 

8 . 5 4  s i g n i - f i c a n t l y  di - f - fered -from t h e  o t h e r  t h r e e  t y p e s  o-f ha rmoni c  

e n d i n g  ( a l l  Bo n - f e r ro n i s  s i g n i - f i c a n t  a t  . 0 1 ) .  C o n v e r s e l y ,  t h o s e  n o t e s  

r e l a t i n g  t o  a m e l o d y ' s  p r e v i o u s  c o n t e x t  were  r a t e d  a s  t he  mos t  

u n r e s o l v e d  ( Bo n- f e r ro n i s  a l s o  a l l  s i g n i - f i c a n t ) .  M e l o d i e s  e n d i n g  on t he  

domi nan t  and m a jo r  t h i r d  were  r a t e d  a s  somewhat  in be t ween and d i d  n o t  

s i g n i - f i c a n t l y  di-f-fer -from one a n o t h e r .  T h i s  p a t t e r n  o-f r e s u l t s  a p p l i e s  

t o  a l l  s o n g s ,  w i t h  one e x c e p t i o n  c r e a t i n g  a song  x ha rmoni c  e n d i n g  

i n t e r a c t i o n  <F9,  72 = 3 . 8 2 ,  p < . 0 0 0 6 ,  MSe -  1 . 1 5 ) .  The s o u r c e  o-f t h i s  

i n t e r a c t i o n  s t e ms  -from t h e  song  "Cuckoo" where  t h e  m a j o r  t h i r d  e n d i n g  

i s  r a t e d  a s  s i gn i - f  i c a n t l y  more r e s o l v e d  t ha n  i t s  domi nan t  e n d i n g
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TABLE 13

MEAN RESOLUTION RATINGS FOR SONGS OF EXPERIMENT 3A AS 
A FUNCTION OF HARMONIC ENDING. LARGER VALUES INDICATE 
A GREATER SENSE OF RESOLVEDNESS <COMPLETENESS).

HARMONIC ENDING

TONIC
MAJOR

DOMINANT THIRD
PREVIOUS
CONTEXT MEANS

CZECH

AGO

PONT

CUCKOO

8. 50 3 . 9 5 3 . 37 3 . 1 8

7 . 7 7 4 . 0 7 3 . 9 8 2 . 58

8 . 9 7 4 . 97 4 . 2 8 3 . 08

8 . 9 3 4 . 7 2 6 . 4 7 2 . 90

4 . 7 5

4 . 60

5 . 3 3

5 . 7 6

MEANS 8 . 5 4 4 . 4 3 4 . 5 3 2 . 9 4
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( F2 ,  72 = 3 . 6 5 ,  p < . 0 1 ) .  T h i s  p a r t i c u l a r  r e s u l t  h a s  a l s o  c o n t r i b u t e d  

t o  a ma in  e f f e c t  -for song  <F3,  24 = 6 . 4 1 ,  p < . 0 0 2 ,  MSe = 1 . 7 7 ) .  He r e ,  

t he  so n g  "Cuckoo" i s  r a t e d  a s  more r e s o l v e d  t h a n  t h e  o t h e r  s o n g s .

D i s c u s s i o n

The two g o a l s  o-f t h i s  e x p e r i m e n t  were  a c h i e v e d .  F i r s t ,  i t  was  

d e m o n s t r a t e d  t h a t  l i s t e n e r s  a r e  s e n s i t i v e  t o  t he  c o n v e n t i o n  of  

r e s o l u t i o n .  Those  m e l o d i e s  e n d i n g  on t h e  t o n i c ,  t h e  m e l o d y ' s  k e y ,  were  

r a t e d  a s  t h e  mos t  r e s o l v e d  and were  n e v e r  j u d g e d  a s  s o u n d i n g  a t o n a l .  

Second ,  we d e t e r m i n e d  wha t  s o r t  o f  ha r mon i c  e n d i n g  makes  a me lody  seem 

u n r e s o l v e d - n a m e l y ,  t h o s e  n o t e s  which  r e t u r n  t o  t h e  b e g i n n i n g  of  a 

m e l o d y ' s  f i n a l  m e a s u r e .  Thes e  f i n d i n g  n o t  o n l y  p r o v i d e  a s e t  of  

m u s i c a l  s t i m u l i  f o r  s u b s e q u e n t  e x p e r i m e n t s  b u t  t h e y  a l s o  a l l o w  t he  

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

g e n e r a l i z a b i 1 i t y  f o r  any e f f e c t s  of  r e s o l u t i o n  upon j u d g e d  d u r a t i o n .

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

p e r c e p t i o n .  K r u m h a n s l ' s  m o d e l , f o r  e x a m p l e ,  h a s  s u g g e s t e d  t h a t  t he  

p e r c e p t i o n  o f  a  me lody i s  i n f l u e n c e d  by i t s  u n d e r l y i n g  d i a t o n i c  s c a l e .  

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

o r g a n i z a t i o n a l  f o c i  or  c o g n i t i v e  r e f e r e n c e  p o i n t s .  The p r e s e n t  

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

( i e .  t o n i c ,  d o m i n a n t ,  and m a j o r  t h i r d )  were  r a t e d  a s  t h e  mos t  

r e s o l v e d .  S i m i l a r l y ,  r e s u l t s  c o n v e r ge  w i t h  r e s e a r c h  showi ng  t h a t  

p e r c e p t i o n  i s  i n f l u e n c e d  by a m e l o d y ' s  p r e c e d i n g  c o n t e x t  ( i e .  B u t l e r  & 

Brown 1984;  Brown & B u t l e r  1 9 8 1 ) .  The mos t  u n r e s o l v e d  m e l o d i e s  of  

t h i s  e x p e r i m e n t  were  t h o s e  e n d i n g  on t h e  same n o t e  which  i n i t i a t e d  t he
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-f inal  m e a s u r e .  These  m e l o d i e s  c r e a t e d  a g r e a t e r  s e n s e  o-f e x p e c t e d  

c o n t i n u a t i o n  t ha n  t h o s e  en d i ng  on t he  l e a d i n g  t o n e .

S i n c e  we now have a s e t  o-f e x p e r i m e n t a l  s t i m u l i  t h a t  r e - f l e c t  

di - f - ferent  d e g r e e s  o-f p a t t e r n  r e s o l u t i o n ,  l e t ' s  c o n s i d e r  how j udged  

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

Expe r i men t  3b -  Judged D u r a t i o n  

The m a j o r  q u e s t i o n  a d d r e s s e d  in t h i s  n e x t  s e t  o-f e x p e r i m e n t s  

i n v o l v e s  d u r a t i o n  j u dg me n t s  o-f r e s o l v e d  and u n r e s o l v e d  m e l o d i e s .  The 

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

o-f p e r c e i v e d  f i n a l i t y .  A c c o rd i n g  t o  p r e d i c t i o n s  of  t he  Expec t ancy  

Model ,  t h e s e  m e l o d i c  p a i r s  s h o u l d  y i e l d  d i f f e r e n c e s  in r e l a t i v e  j udge d  

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

w i l l  end on a f i n a l  p r o l o n g e d  t o n i c .  The e n d - l e n g t h e n i n g  e f f e c t  

u n i o u e l y  s p e c i f i e s  t h e  m e l o d y ' s  c o m p l e t i o n  b e ca use  the  t o n i c  can occur  

w i t h i n  a m e l o d y ' s  u n f o l d i n g  c o n t e x t .  In t he  p r e s e n t  s e t  of  m e l o d i e s ,  

however ,  t h i s  e n d - l e n g t h e n i n g  e f f e c t  i s  m i s s i n g  s i n c e  t he  f i n a l  n o t e ' s  

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

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

seem t o  l a ck  a t r u l y  p e r c e p t i b l e  end .  T h i s  in t u r n  may enourage  

l i s t e n e r s  t o  m e n t a l l y  e x t r a p o l a t e  a melody t o  i t s  e x p e c t e d  end .  In 

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

1.  An u n r e s o l v e d  me lody ,  e n d i n g  on a p r e v i o u s  c o n t e x t  n o t e ,  

s h o u l d  be o v e r e s t i m a t e d  whenever  i t  i s  p a i r e d  w i t h  a r e s o l v e d  melody 

en d i n g  on t h e  t o n i c  or  a ma j o r  c h o r d  member ( i e .  ma j o r  t h i r d ) .  Those 

n o t e s  t h a t  n o r m a l l y  l e a d  t o  the  t o n i c  a r e  m i s s i n g  w i t h i n  the
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u n r e s o l v e d  me l ody  and so  l i s t e n e r s  may m e n t a l l y  e x t r a p o l a t e  t h e i r  

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

2 .  No d i f f e r e n c e s  in j u d g e d  d u r a t i o n  s h o u l d  emerge when bo t h  

m e l o d i e s  in a p a i r  end on a  m a j o r  c h o r d  member <eg.  t o n i c  v s .  ma j o r  

t h i r d ) .  As r e s u l t s  o-f t he  p r e v i o u s  r a t i n g  s t u d y  i n d i c a t e ,  t h e s e  

m e l o d i e s  seem r e s o l v e d  and s h o u l d  n o t  r e q u i r e  a me n t a l  e x t r a p o l a t i o n  

o-f m i s s i n g  n o t e s .

A c o m p a r a t i v e  j udgment  t a s k  was  u s e d  t o  t e s t  t h e s e  p r e d i c t i o n s .  

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

r e f e r r i n g  t o  T a b l e  14,  n o t i c e  t h a t  t he  f i r s t  me lody o f  a  p a i r  e i t h e r  

e n d s  on t h e  t o n i c ,  t h e  m a j o r  t h i r d ,  o r  t he  " p r e v i o u s  c o n t e x t "  n o t e  

<where t h e  l a s t  n o t e  i s  i d e n t i c a l  t o  t h a t  i n i t i a t i n g  t h e  f i n a l  

m e a s u r e ) .  S i m i l a r l y ,  t h e  s e c o n d  p a t t e r n  o f  a p a i r  i s  one o f  t he  same 

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

v a r i a b l e s  e x c e p t  t h a t  o f  ha r mo n i c  e n d i n g ,  t h o s e  p r e d i c t i o n s  shown in 

T a b l e  14 a r e  d e r i v e d  a s  a f u n c t i o n  of  t he  p r e v i o u s  r a t i o n a l e .

C o n s i d e r  how t h e s e  p r e d i c t i o n s  c o n t r a s t  w i t h  t h o s e  g e n e r a t i n g  

f rom t h e  i n f o r m a t i o n - p r o c e s s i n g  m o d e l s .  A c c o r d i n g  t o  t he  S t o r a g e  S i z e  

< 0 r n s t e i n  1969)  and  A t t e n t i o n a l  E f f o r t  Mode l s  <Underwood it Swain 1973;  

Thomas & H eave r  1 97 5 ) ,  a l l  m e l o d i e s  p a i r i n g s  s h o u l d  p r o d u c e  j u d gm e n t s  

o f  " e q u i v a l e n t "  d u r a t i o n .  The s e  m o de l s  assume t h a t  d u r a t i o n  e s t i m a t e s  

a r e  d e t e r m i n e d  by c o m p l e x i t y  o r  t h e  number  of  c o g n i t i v e  c h u n k s .  The 

p r e s e n t  s e t  o f  m e l o d i e s ,  howeve r ,  a l l  c o n t a i n  t h e  same rhy thm and 

t o t a l  number of  n o t e s .  The o n l y  d i f f e r e n c e  among m e l o d i e s  i s  t he
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TABLE 14

EXPERIMENTAL DESIGN OF EXPERIMENT 3B. THE PREDICTIONS 
OF THE EXPECTANCY (EM) AND CONTEXTUAL CHANGE ( C O  
MODELS ARE CONTRASTED FOR EACH CONDITION (WHERE 1 AND 2 
REFER TO THE FIRST AND SECOND PATTERN OF A PAIR.

F
I TONIC EM
R
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P MAJOR EM
A THIRD
T CC
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R PREVIOUS EM 
N CONTEXT

CC

SECOND PATTERN

MAJOR PREVIOUS 
TONIC THIRD CONTEXT

2=1 2=1 2>1

2=1 2>1 2>1

2=1 2=1 2>1

2(1 2=1 2=1

2(1 2(1 2=1

2 < 1 2=1 2=1
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harmoni c  r e l a t i o n s h i p  of  t he  f i n a l  n o t e .  S i nce  t h e s e  t h e o r i s t s  do no t  

c o n s i d e r  t h e  i n h e r e n t  s t r u c t u r a l  r e l a t i o n s h i p s  w i t h i n  a melody nor  the 

i n v a r i a n t s  t h a t  s p e c i f y  an e v e n t ' s  e nd ,  a l l  m e l o d i e s  a r e  assumed t o  be 

equa l  1y c o m p l e x .

The C o g n i t i v e  Change H y p o t h e s i s  (Block 1978) ,  on t he  hand ,  does  

p r e d i c t  d i f f e r e n c e s  in j u dg e d  d u r a t i o n  a s  a f u n c t i o n  of  harmonic  

e n d i n g .  From t h i s  p e r s p e c t i v e ,  any f i n a l  n o t e  o t h e r  t han  t he  t o n i c  

c o n s t i t u t e s  a “change"  in s t i m u l u s  s t r u c t u r e  which w i l l  s e r v e  t o  

l e n g t h e n  d u r a t i o n  j u d g m e n t s .  Given t h i s  r a t i o n a l e ,  B 1 o c k s ' s  model 

p r e d i c t s  t he  r e s u l t s  shown in T a b l e  14.  N o t i c e  t h a t  m e l o d i e s  en d i ng  

on the  p r e v i o u s  c o n t e x t  n o t e  a r e  a l s o  p r e d i c t e d  t o  be j u d ge d  l o n ge r  

than  t h o s e  e n d i n g  on t he  t o n i c .  In c o n t r a s t  t o  t he  Ex p e c t a n c y  Model ,  

however ,  m e l o d i e s  e n d i ng  on the  ma jo r  t h i r d  s h o u l d  seem 1 onper  than  

m e l o d i e s  e n d i n g  on t he  t o n i c .  F u r t h e r ,  j udgmen t s  of  same d u r a t i o n  a r e  

p r e d i c t e d  whenever  a ma j o r  t h i r d  e n d i ng  i s  p a i r e d  w i t h  a p r e v i o u s  

c o n t e x t  e n d i n g .  T h i s  i s  b ec a u se  each  p a t t e r n  c o n t a i n s  one change from 

t h e  t o n i c .  T h i s  a p p r o a c h ,  t h e n ,  does  n o t  d i s t i n g u i s h  among v a r y i n g  

d e g r e e s  of  p e r c e i v e d  f i n a l i t y  b u t  s im p l y  e n u m e r a t e s  t he  t o t a l  number 

of  “c h a n g e s " .

To examine t h e s e  t h r e e  s e t s  of  p r e d i c t i o n s ,  t he  f o l l o w i n g  

e x p e r i m e n t  was c o n d u c t e d .

Method

Des ion and S u b j e c t s

The d e s i g n  i s a ? x 2 x 4 2  mixed f a c t o r i a l . Nine l e v e l s  of  

p a t t e r n  p a i r s  (shown in T a b l e  14) a r e  c r o s s e d  w i t h  two l e v e l s  of  t a s k
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t ype  C o m p a r a t i v e  d u r a t i o n ;  me lody  r e c o g n i t i o n ) ,  and -four s o n g s  <Pont ,  

Ago,  Czec h ,  Cuckoo) .  The s i n g l e  b e t w e e n - s u b j e c t s  v a r i a b l e  i s  

c o u n t e r b a l a n c e  o r d e r  ( I ,  I I ) .

S i x t e e n  u n d e r g r a d u a t e s  were  r e c r u i t e d  -from the  e n r o l l e m e n t s  o-f 

I n t r o d u c t o r y  P s y c h o l o g y .  No c o n s t r a i n t s  were  p l a c e d  on m u s i c a l  

a b i l i t y .  E i g h t  s u b j e c t s  were  r andoml y  a s s i g n e d  t o  each  c o u n t e r b a l a n c e  

o r d e r .

St  i mu l us  M a t e r  i a l s

Twelve  m e l o d i e s  were  s e l e c t e d  -from t h e  t o t a l  s e t  o-f m e l o d i e s  us ed  

in E x p e r i m e n t s  3a and 3b .  S p e c i f i c a l l y ,  f o r  each  o f  t h e  f o u r  s ongs  

shown in F i g u r e  4 ( Cz e c h ,  Ago,  P o n t ,  and Cuckoo) ,  t h o s e  v e r s i o n s  

e n d i n g  on t h e  t o n i c ,  m a j o r  t h i r d ,  and p r e v i o u s  c o n t e x t  n o t e  were  u s ed  

in t he  p r e s e n t  e x p e r i m e n t .  The r e s u l t s  of  t he  e a r l i e r  r a t i n g  s t u d i e s  

had i n d i c a t e d  t h a t  t h e s e  t h r e e  v e r s i o n s  were  r e s p e c t i v e l y  j u d g e d  as  

t h e  mos t  r e s o l v e d ,  somewhat  r e s o l v e d ,  and most  u n r e s o l v e d .

P a t t e r n s  were  t he n  p a i r e d  such t h a t  148 e x p e r i m e n t a l  t r i a l s  were  

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

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

t y p e  ( T o n i c ,  Ma j o r  T h i r d ,  and  P r e v i o u s  Co n te x t  Endi ng)  w i t h  t he  f i r s t  

and s e c o nd  p a t t e r n  t o  y i e l d  t he  n i n e  p a t t e r n  p a i r s  o f  T a b l e  14.  These  

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

r e p e a t e d  p r e s e n t a t i o n  f a c t o r  t o  y i e l d  72 t r i a l s .

The r e m a i n i n g  94 t r i a l s  r e q u i r e d  a r e c o g n i t i o n  memory j u d g e m e n t .  

Thes e  were  o b t a i n e d  by c r o s s i n g  the  f o u r  songs  w i t h  a r e p e a t e d  

p r e s e n t a t i o n  f a c t o r  and t we l ve  p a t t e r n  p a i r s .  Nine of  t h e s e  t we l ve
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p a i r s  a r e  t h e  same a s  T a b l e  14.  However ,  s i n c e  t h e r e  a r e  t h r e e  “ same" 

and s i x  " d i f f e r e n t "  p a t t e r n  p a i r s ,  each  “ same" was  p r e s e n t e d  t wi c e  t o  

r e n d e r  an equa l  number  o f  “ sames" and “ d i f f e r e n t s " . <Th i s  i s  

n e c e s s a r y  t o  c o n d u c t  an Ag a n a l y s i s  f o r  t he  memory d a t a ) .  For  b o t h  

t a s k s ,  m e l o d i e s  w i t h i n  a p a i r  a l wa y s  c o n t a i n e d  t h e  same s ong  and t o t a l  

d u r a t  i o n .

Th e s e  168 e x p e r i m e n t a l  t r i a l s  were  r a n d o mi z e d  and d i v i d e d  i n t o  

f o u r  b l o c k s  of  42 t r i a l s .

A p p a r a t u s

Same a s  p r e v i o u s  e x p e r i m e n t s .

P r o c e d u r e

The e x p e r i m e n t  s p a n n e d  two d a y s  w i t h  s u b j e c t s  r e c e i v i n g  2 b l o c k s  

o f  42 e x p e r i m e n t a l  t r i a l s  on each  d a y .  The p r o c e d u r e  was i d e n t i c a l  t o  

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

S u b j e c t s  were  i n f o r me d  t h a t  t h e  w a r n i n g  t o n e ,  which  s i g n a l s  t h e  o n s e t  

o f  e ac h  e x p e r i m e n t a l  t r i a l ,  wou ld  e i t h e r  be v e r y  h i g h  <3522 hz)  o r  low 

p i t c h e d  <131 h z ) .  The low w a r n i n g  tone  s i g n a l l e d  t h a t  a c o m p a r a t i v e  

d u r a t i o n  t a s k  was  r e q u i r e d  and t h a t  t h e y  s h o u l d  i n d i c a t e  t h e i r  

d u r a t i o n  j u dgmen t  <on t h e  s c a l e  u s e d  b e f o r e )  a l o n g  w i t h  t h e  c o n f i d e n c e  

o f  t h i s  j udgme n t  <on the  p r e v i o u s  7 p t .  s c a l e ) ,  I f  t h e  w a r n i n g  tone  

was v e r y  h i g h ,  t h e n  a me l ody  r e c o g n i t i o n  r e s p o n s e  was  r e q u i r e d .  H e r e ,  

s u b j e c t s  were  t o l d  t o  c i r c l e  "same" o r  " d i f f e r e n t "  a s  w e l l  a s  t he  

c o n f i d e n c e  r a t i n g  on a  7 p t .  s c a l e .

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

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

Only t h e  r e s u l t s  o-f t he  j u d g e d  d u r a t i o n  t a s k  w i l l  be p r e s e n t e d .  

The r e c o g n i t i o n  memory d a t a  i s  summar ized in Appendix B.

Judged  D u r a t i o n

T a b l e  15 d i s p l a y s  t he  mean j u dg e d  d u r a t i o n  -for p a t t e r n  p a i r s  as  a 

■funct ion of  t h e i r  harmoni c  e n d i n g .  Means a r e  c o l l a p s e d  over  song  and 

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

< F ' s  <1 ) .  As b e f o r e ,  s c o r e s  f rom t he  d u r a t i o n  r e s p o n s e  s c a l e  were 

c o n v e r t e d  i n t o  v a l u e s  r a n g i n g  from 1 t o  7 .  A mean of  4 i n d i c a t e s  t h a t  

bo t h  p a t t e r n s  were  j u d g e d  a s  t he  same d u r a t i o n ;  v a l u e s  <4 i n d i c a t e  

t h a t  t he  s e c o n d  p a t t e r n  was j u d g e d  l o n g e r  t ha n  the  f i r s t ;  and v a l u e s  

>4 i n d i c a t e  t h a t  t he  s econd  p a t t e r n  was j u dg e d  s h o r t e r .

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

The E x pe c t a n c y  Model p r e d i c t s  t h a t  u n r e s o l v e d  m e l o d i e s ,  namely t hos e  

e n d i n g  on the  p r e v i o u s  c o n t e x t  n o t e ,  w i l l  be o v e r e s t i m a t e d  r e l a t i v e  t o  

r e s o l v e d  m e l o d i e s  e n d i n g  on the  t o n i c  or  ma j o r  t h i r d .  T h i s  i s  be c a use  

t he  l a c k  of  e n d - l e n g t h e n i n g  s h o u l d  enc o u r a g e  a menta l  e x t r a p o l a t i o n  of  

" m i s s i n g 11 n o t e s  w i t h i n  t he  u n r e s o l v e d  m e l o d i e s .  In a d d i t i o n ,  m e l o d i e s  

e n d i n g  on t he  ma j o r  t h i r d  s h o u l d  be j u d g e d  the  same a s  t h o s e  e n d i n g  on 

t he  t o n i c  b ec a u s e  b o t h  m e l o d i e s  a r e  r e s o l v e d .  These  p r e d i c t i o n s  

c o n t r a s t  w i t h  t h o s e  of  the  S t o r a g e  S i z e  and A t t e n t i o n a l  E f f o r t  Mode l s .  

These  mode l s  assume t h a t  t he  p r e s e n t  s e t  of  m e l o d i e s  a r e  e q u a l l y  

complex and t h e r e f o r e  w i l l  no t  p r o d u c e  any d i f f e r e n c e s  in j u d ge d
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TABLE 15

MEAN JUDGED DURATION FOR MELODIES IN EXPERIMENT 
3B AS A FUNCTION OF HARMONIC ENDING. A VALUE 
OF 4 INDICATES EQUIVALENT JUDGED DURATION; 
VALUES >4 INDICATE THE SECOND PATTERN WAS 
JUDGED SHORTER} VALUES <4 INDICATE THE 
SECOND PATTERN WAS JUDGED LONGER.

F TONIC 
I 
R 
S
T MAJOR 

THIRD
P
A
T PREVIOUS 
T CONTEXT 
E 
R
N MEANS

SECOND PATTERN

MAJOR PREVIOUS
TONIC THIRD CONTEXT MEANS

3 . 9 7 3 . 8 9 3 . 4 3 3 . 7 6

4 . 0 4 3 . 9 3 3 . 5 8 3 . 8 5

4 . 50 4 . 3 6 3 . 9 9 4 . 2 8

4 . 1 7 4 . 0 6 3 . 6 7
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d u r a t i o n .  L a s t l y ,  B l o c k ' s  Model p r e d i c t s  t h a t  any change from the  

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

j u d g m e n t s .  S i n c e  t he  ma j o r  t h i r d  and p r e v i o u s  c o n t e x t  e n d i n g s  bo th  

c o n t a i n  one c h a n g e ,  t h e y  s h o u l d  be j u d g e d  e q u i v a l e n t  t o  one a n o t h e r  

b u t  l o n g e r  t ha n  t he  t o n i c  e n d i n g .

A p a t t e r n  main e f f e c t  <F8, 112 = 2 0 . 2 ,  p< . 00 0 1 ,  MSe -  . 088)  

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

e n d i n g .  T h i s  e l i m i n a t e s  t he  S t o r a g e  S i z e  and A t t e n t i o n a l  E f f o r t  

Model s  f rom f u r t h e r  e v a l u a t i o n .  To c o n t r a s t  the  Expec t ancy  and 

C o g n i t i v e  Change h y p o t h e s e s ,  a s e r i e s  of  B o nf e r r on i  p o s t  hoc 

c o m p a r i s o n s  were  c o n d u c t e d .  For  each s e t  of  c o u n t e r b a l a n c e d  p a t t e r n  

p a i r s  <eg.  T o n i c - Ma j o r  T h i r d  v s .  Major  T h i r d - T o n i c ) ,  d u r a t i o n  

e s t i m a t e s  were  f i r s t  s u b t r a c t e d  f rom the  v a l u e  o f  4 . 00  ( a  “same" 

d u r a t i o n  j u d g m e n t ) .  These  two d i f f e r e n c e  v a l u e s  were  t hen  a v e r a g ed  to  

d e t e r m i n e  t h e  mean d e v i a t i o n  f rom a “ same" j u d g m e n t .  T a b l e  16 d e p i c t s  

t h e s e  v a l u e s  and i n d i c a t e s  which melody of  a  p a i r  was  o v e r e s t i m a t e d .

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

on t he  p r e v i o u s  c o n t e x t  n o t e  a r e  j u d g e d  l o n g e r  t h a n  m e l o d i e s  e n d i ng  on 

t he  t o n i c  <F2,  112 = 5 . 1 ,  p <.01> or  t he  ma j o r  t h i r d  <F2,  112 = 3 . 7 1 ,  

p <. 01>.  No d i f f e r e n c e  in j u d g e d  d u r a t i o n  i s  o b t a i n e d  when a ma jor  

t h i r d  e n d i n g  i s  p a i r e d  w i t h  a t o n i c  e n d i n g  ( F < 1 . 0 0 ) .  These  f i n d i n g s  

a r e  c o n s i s t e n t  w i t h  p r e d i c t i o n s  of  the  Expec t any  Model .

D i s c u s s i o n

The p r e s e n t  s e t  of  r e s u l t s  s u p p o r t s  a ma j o r  h y p o t h e s i s  of  t he  

Expe c t a nc y  Model .  E v e n t s  which l ack  a s t r u c t u r a l l y  marked e n d i n g



TABLE 16

THE MEAN DIFFERENCE FROM A JUDGMENT OF EQUIVALENT 
DURATION FOR PATTERN PAIRS IN EXPERIMENT 3B.

HARMONIC ENDING MEAN SECOND
OF PATTERN PAIRS________;__________ DIFFERENCE___________PATTERN UASi

RESOLVED (TONIC) -  .54 p< .01 OVERESTIMATED
UNRESOLVED

RESOLVED (TONIC) -  . 08  NS
RESOLVED (MAJOR THIRD)

RESOLVED (MAJOR THIRD) .39 p < . 0 5  OVERESTIMATED
UNRESOLVED
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seem l o n g e r  in r e l a t i v e  d u r a t i o n .  To a c h i e v e  a s e n s e  o-f ■ f i n a l i t y ,  a 

p e r c e i v e r  p r e s u m a b l y  e x t r a p o l a t e s  t he  t ime c o u r s e  o f  an e v e n t  t o  i t s  

e x p e c t e d  c o m p l e t i o n .  T h i s  in t u r n  c r e a t e s  an o v e r e s t i m a t i o n  of  j u d g e d  

d u r a t  i o n .

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

an e n d - l e n g t h e n e d  t o n i c .  S i n c e  t h e  t o n i c  n o t e  can  o c c u r  t h r o u g h o u t  a 

me l o d y ,  i t  i s  a change  in t h e  f i n a l  t o n i c ' s  d u r a t i o n  which  u n i a u e l y  

s p e c i f i e s  a d e f i n i t i v e  e n d i n g .  In t h e  p r e s e n t  e x p e r i m e n t ,  t h i s  

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

d u r a t i o n  was  a l w a y s  i d e n t i c a l  ( i e .  i s o c h r o n o u s )  t o  t h a t  o f  p r e c e d i n g  

n o t e s .  S i n c e  m e l o d i e s  e n d i n g  on a p r e v i o u s  c o n t e x t  n o t e  a r e  p e r c e i v e d  

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

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

R e s u l t s  showed t h a t  u n r e s o l v e d  m e l o d i e s  were  in f a c t  o v e r e s t i m a t e d  

r e l a t i v e  t o  r e s o l v e d  m e l o d i e s  e n d i n g  on a m a jo r  c h o r d  member .

A s e c o n d  p r e d i c t i o n  t h a t  was t e s t e d  h e r e  c o n c e r n e d  t h e  d u r a t i o n  

e s t i m a t e s  of  m e l o d i e s  e n d i n g  on a m a j o r  c h o r d  member ( i e .  t o n i c  and 

m a j o r  t h i r d ) .  These  s o r t s  of  e n d i n g s  r e t u r n  a l i s t e n e r  t o  a  m e l o d y ' s  

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

was p r e d i c t e d  t h a t  t h e s e  m e l o d i e s  would  be j u d g e d  a s  e q u i v a l e n t  in 

r e l a t i v e  d u r a t i o n  b e c a u s e  no me n t a l  e x t r a p o l a t i o n  s h o u l d  o c c u r .  T h i s  

f i n d i n g  was  i n d e e d  o b t a i n e d .

The r e s u l t s  of  t h i s  e x p e r i m e n t  do have some i m p l i c a t i o n s  f o r  

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

m u s i c ,  t h e r e  a r e  o c c a s i o n s  when a me lody l a c k s  a d e f i n i t i v e  e n d i n g .
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P a r t i c u l a r l y  in rock  c o m p o s i t i o n s ,  a m u s i c i a n  d o e s n ' t  a l ways  end on a 

p r o l o n g e d  t o n i c .  I n s t e a d ,  t h e y  us e  a "-fadeout  t e c h n i q u e "  where  the 

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

few n o t e s  a r e  so s o f t  t h a t  we o f t e n  c a n no t  d i s c e r n  e x a c t l y  when the 

song ha s  end e d .  S i n ce  t h i s  s o r t  o f  melody l a c k s  a p e r c e p t i b l e  e n d i n g ,  

t he  p r e s e n t  s e t  of  f i n d i n g s  s u g g e s t  t h a t  a l i s t e n e r  mi gh t  m e n t a l l y  

c o n t i n u e  t he  song t o  a more " a p p r o p r i a t e "  e n d i n g .  I f  s o ,  t hen  t h i s  

melody s h o u l d  seem l o n g e r  t ha n  one e n d i n g  on t he  t o n i c  n o t e .  An 

a n a l o g o u s  phenomenon) can be o b s e r v e d  in s p e e c h .  Some s p e a k e r s  do no t  

a p p r o p r i a t e l y  end t h e i r  u t t e r a n c e s  on an e n d - l e n g t h e n e d  word .

I n s t e a d ,  t h e i r  u t t e r a n c e s  " t r a i l  o f f "  or  d e c r e a s e  in a m p l i t u d e  b e f o r e  

t h e  l a s t  word i s  a c t u a l l y  u t t e r e d .  A g a i n ,  a c o n v e r s a t i o n  w i t h  such 

s p e a k e r s  s h o u l d  seem r e l a t i v e l y  l ong  in d u r a t i o n .

F i n a l l y ,  t he  r e s u l t s  of  t h i s  e x p e r i m e n t  i l l u s t r a t e  some p r ob l ems  

w i t h  c u r r e n t  mode l s  of  j u d g e d  d u r a t i o n .  The S t o r a g e  S i ze  and 

A t t e n t i o n a l  E f f o r t  Mode l s ,  f o r  exampl e ,  have d e f i n e d  c o m p l e x i t y  s imp l y  

in t e rms  of  t he  number o f  c o g n i t i v e  chu n k s .  As shown h e r e ,  however ,  

e v e n t s  c o n t a i n i n g  t he  same number of  chunks  a r e  n o t  a l ways  j u dg e d  a s  

e q u i v a l e n t  in d u r a t i o n .  D u r a t i o n  e s t i m a t e s  depend upon t h e  s t r u c t u r a l  

r e l a t i o n s h i p s  w i t h i n  an e v e n t  and w h e t h e r  t h a t  e v e n t ' s  end i s  

s t r u c t u r a l l y  s p e c i f i e d .  The c o n c e p t  of  "chunks"  does  n o t  c a p t u r e  t h i s  

s t r u c t u r a l  o r g a n i z a t i o n  and so  i t s  p r e d i c t i v e  power i s  l i m i t e d .

B l o c k s '  C o g n i t i v e  Change Model d i s p l a y s  s i m i l a r  d i f f i c u l t i e s .

A l t hough  " changes"  p r e s u ma b l y  i n c r e a s e  c o m p l e x i t y  and e x p e r i e n c e d  

d u r a t i o n ,  t he  r e s u l t s  o b t a i n e d  h e r e  show t h a t  no t  a l l  c ha nge s  c r e a t e
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o v e r e s t i m a t i o n s .  For  exampl e ,  ma j o r  t h i r d  e n d i n g s  were no t  j u d g e d  

l o n g e r  t han  t o n i c  e n d i n g s  nor  were  m e l o d i e s  w i t h  one change a p i e c e  

( i e .  Major  T h i r d - P r e v i o u s  Co n t e x t  Note  p a i r s )  j u d g e d  e q u i v a l e n t l y .  

These  - f i nd i ngs  s u g g e s t  t h a t  an e v e n t ' s  c o m p l e x i t y  can be more 

p r e c i s e l y  d e f i n e d  in t e rm s  of  t he  r e c i p r o c a l  r e l a t i o n s h i p  between an 

o r ga n i s m and an e v e n t ' s  s t r u c t u r e .

In summary,  t h i s  e x p e r i m e n t  h a s  i n v e s t i g a t e d  the  j u d g e d  d u r a t i o n  

of  e v e n t s  t h a t  l a c k  a p e r c e p t i b l e  end .  The n e x t  e x p e r i me n t  examine 

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

one which v i o l a t e s  a p e r c e i v e r ' s  e x p e c t a n c i e s .

Judged  D u r a t i o n  of  M e l o d i e s  C o n t a i n i n g  a P e r c e p t i b l e  End

Th e r e  i s  a s e c o n d  a s s u mp t i on  w i t h i n  t he  E x p ec t a n c y  Model t h a t  has  

no t  y e t  been t e s t e d .  I t  c o n c e r n s  how d u r a t i o n  e s t i m a t e s  may be 

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

one which e x p l i c i t l y  v i o l a t e s  a p e r c e i v e r ' s  e x p e c t a n c i e s .  In t h i s  

s o r t  o f  s i t u a t i o n ,  t he  Ex p e c t a n c y  Model p r e d i c t s  t h a t  d u r a t i o n  

e s t i m a t e s  a r e  d e t e r m i n e d  by w h e t h e r  t he  a c t u a l  end o c c u r s  b e f o r e  or  

a f t e r  t he  e x p e c t e d  e n d .  I f  an e v en t  ends  e a r l i e r  t han  e x p e c t e d ,  then 

d u r a t i o n  s h o u l d  be u n d e r e s t i m a t e d .  C o n v e r s e l y ,  o v e r e s t i m a t i o n s  s h o u l d  

be o b s e r v e d  whenever  an e v e n t  ends  l a t e r  t han  e x p e c t e d .

L e t ' s  c o n s i d e r  how t h e s e  p r e m i s e s  may a p p l y  t o  t he  i s s u e  of

mu s i c a l  r e s o l u t i o n .  R e g a r d l e s s  o f  w h e t h e r  a melody does  or  does  no t

end on t he  t o n i c ,  an e n d - l e n g t h e n i n g  e f f e c t  s h o u l d  a l ways  convey a

d e f i n i t i v e  e n d i n g .  By p l a c i n g  t he  l o n g e s t  t o n a l  d u r a t i o n  a t  t he  end,

t he  composer  s i g n a l s  t h a t  t he  melody i s  o v e r .  An e n d - l e n g t h e n e d
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melody may n e v e r t h e l e s s  a p p e a r  t o  end t oo  e a r l y  i f  t he  harmonic  

r e l a t i o n s h i p  of  t h i s  f i n a l  n o t e  does  n o t  s i g n i f y  r e s o l u t i o n .  For  

exampl e ,  a me lody e n d i n g  on t he  p r e v i o u s  c o n t e x t  n o t e  w i l l  seem t o  

l a c k  t h o s e  n o t e s  l e a d i n g  t o  t he  e x p e c t e d  t o n i c .  A menta l  c o n t i n u a t i o n  

of  t h e s e  n o t e s  would  be i n a p p r o p r i a t e  b ec a u s e  the  e n d - l e n g t h e n i n g  

e f f e c t  d i s r u p t s  t h e  t empora l  c o n t i n u i t y  w i t h  p r e c e d i n g  n o t e s  -  in 

a d d i t i o n ,  t h i s  c o n v e n t i o n  s p e c i f i e s  t he  me l o d y / s c o m p l e t i o n .  S i nce  an 

u n r e s o l v e d  me lody e n d s  b e f o r e  t he  e x p e c t e d  t o n i c ,  i t s  d u r a t i o n  s ho u l d  

be u n d e r e s t i m a t e d .

A s i m i l a r  r e s u l t  s h o u l d  be o b s e r v e d  when the  f i n a l  n o t e ' s  

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

t h i s  s o r t  o f  t empora l  e n d i n g  v i o l a t e s  m u s i c a l  c o n v e n t i o n ,  a f i n a l  no t e  

t h a t  i s  s h o r t  and a b r u p t  s h o u l d  i n d i c a t e  t h a t  t he  melody i s  o v e r .

The r e  i s  no c o n t i n u i t y  w i t h  p r e c e d i n g  n o t e s  ( i n d u c e d  by i s oc h r o n y )  and 

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

t he  u n r e s o l v e d  melody may seem s h o r t e r  t han  a r e s o l v e d  one b e c a u s e  i t  

e nds  b e f o r e  t he  e x p e c t e d  t o n i c .

In summary,  t he  E x pe c t a n c y  Model p r e d i c t s  t h a t  d u r a t i o n  e s t i m a t e s  

of  u n r e s o l v e d  m e l o d i e s  w i l l  i n t e r a c t  w i t h  a m e l o d y ' s  t empora l  e n d i n g .  

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

c r e a t e  o v e r e s t i m a t i o n s  b e ca use  a l i s t e n e r  may m e n t a l l y  c o n t i n u e  the  

melody t o  i t s  e x p e c t e d  e n d i n g .  T h i s  e f f e c t  was in f a c t  o b s e r v e d  in 

t he  p r e v i o u s  e x p e r i m e n t .  An u n r e s o l v e d  melody t h a t  i s  e i t h e r  

e n d - l e n g t h e n e d  or  s h o r t e n e d ,  however ,  s h o u l d  r e v e a l  u n d e r e s t i m a t i o n s  

b e c a u s e  t he  melody ends  b e f o r e  t h e  e x p e c t e d  t o n i c .  Expe r i men t  Four
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was d e s i g n e d  t o  t e s t  t h e s e  p r e d i c t i o n s .

Exper i ment  Four

T h i s  e x p e r i me n t  r e q u i r e d  s u b j e c t s  t o  j udge  t he  r e l a t i v e  d u r a t i o n  

o-f m e l o d i e s  t h a t  d i d  or  d i d  no t  c o n t a i n  a p e r c e p t i b l e  e n d i n g .  T h i s  

was a c h i e v e d  by f a c t o r i a l l y  m a n i p u l a t i n g  t he  t empora l  and harmonic  

e n d i n g  of  m e l o d i e s  p r e s e n t e d  in a c o m p a r a t i v e  j udgment  t a s k .  As the  

d e s i g n  of  T a b l e  17 i l l u s t r a t e s ,  m e l o d i e s  were  p a i r e d  t o  o b t a i n  f o u r  

d i f f e r e n t  l e v e l s  of  ha rmoni c  e n d i n g .  In the  f i r s t  c o n d i t i o n ,  bo th  

m e l o d i e s  were  r e s o l v e d  b e c a u s e  b o t h  ended on the  t o n i c .  In the  

s e c o n d ,  b o t h  were  u n r e s o l v e d  b ec a u s e  t h e y  ended on the  p r e v i o u s  

c o n t e x t  n o t e .  The t h i r d  and f o u r t h  c o n d i t i o n s  c o n s i s t e d  of  a r e s o l v e d  

me lody  p a i r e d  w i t h  an u n r e s o l v e d  one .

In a d d i t i o n ,  t he  t empora l  e n d i n g  of  m e l o d i e s  was a l s o  v a r i e d .

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

e i t h e r  l e n g t h e n e d ,  s h o r t e n e d ,  or  i s o c h r o n o u s  w i t h  t he  d u r a t i o n  of  

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

w i t h i n  a p a i r  was b a s ed  on t he  r e s u l t s  o f  a p r e l i m i n a r y  p i l o t  s t u d y .  

Here i t  was found  t h a t  r e s p o n s e  b i a s  o c c u r r e d  when m e l o d i e s  w i t h i n  a 

p a i r  c o n t a i n e d  a d i f f e r e n t  t empora l  e n d i n g  <eg.  I s o c h r o n o u s - L o n g ) .  

S u b j e c t s  a p p a r e n t l y  b a s e d  t h e i r  j udgme n t s  on the  f i n a l  t o n a l  d u r a t i o n  

of  t he  s e c o n d  melody and n o t  on t he  d u r a t i o n  of  the  e n t i r e  me lody.  

T h u s ,  t he  t empora l  e n d i n g  of  m e l o d i c  p a i r s  was h e l d  c o n s t a n t  in t h i s  

e x pe r i m e n t  t o  e l i m i n a t e  t h i s  s o r t  of  b i a s .

The d u r a t i o n  e s t i m a t e s  o f  t h i s  s t u d y  were  a l s o  o b s e r v e d  in bo th  

an A d a p t a t i o n  and T e s t  P h a s e .  In t he  A d a p t a t i o n  P h a s e ,  t h r e e
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TABLE 17

EXPERIMENTAL DESIGN OF EXPERIMENT A. THE PREDICTIONS 
OF THE EXPECTANCY (EM) AND CONTEXTUAL CHANGE <C> MODELS 
ARE CONTRASTED FOR EACH CONDITION (WHERE 1 AND 2 
REFER TO THE FIRST AND SECOND PATTERN OF A PAIR.

TEMPORAL ENDING

RESOLVED -  EM 
RESOLVED

CC

UNRESOLVED -  EM 
UNRESOLVED

CC

RESOLVED -  EM 
UNRESOLVED

CC

UNRESOLVED -  EM 
RESOLVED

CC

ISOCHRONOUS LONG SHORT

2=1 2=1 2=1

2=1 2=1 2=1

2=1 2=1 2=1

2=1 2=1 2=1

2>1 2<1 2<1

2>1 2>1 2>1

2<1 2>1 2>1

2<1 2 < 1 2<1
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i n d e p e n d e n t  g r o u p s  o-f s u b j e c t s  were  e xpos e d  t o  o n l y  one t y p e  of  

t e mp o r a l  e n d i n g  -  one t h a t  was  e i t h e r  l e n g t h e n e d ,  s h o r t e n e d ,  or  

i s o c h r o n o u s .  A f t e r  t he  A d a p t a t i o n  P h a s e ,  howeve r ,  t h e s e  t h r e e  g r ou p s  

of  s u b j e c t s  a l l  r e c e i v e d  t h e  same s e t  of  T e s t  Phase  p a t t e r n s .  Here 

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

r a t i o n a l e  f o r  u s i n g  b o t h  an A d a p t a t i o n  and T e s t  Phase  was  t w o - f o l d .  

F i r s t ,  t he  e f f e c t s  o f  ha r mo n i c  and  t empora l  e n d i n g  c o u l d  be 

i n v e s t i g a t e d  in b o t h  a b e t w e e n - s u b j e c t s  < i e .  A d a p t a t i o n  P h a s e )  and 

w i t h i n - s u b j e c t s  d e s i g n  < i e .  T e s t  P h a s e ) .  I f  r e s u l t s  a r e  i d e n t i c a l  

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

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

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

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

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

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

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

d i f f e r e n c e  may r e v e a l  w h e t h e r  t h e  r e s o l u t i o n  c o n v e n t i o n  can be a l t e r e d  

by r e c e n t  p r i o r  e x p e r i e n c e .

The m a n i p u l a t i o n s  of  t h i s  e x p e r i m e n t  do g e n e r a t e  c o n t r a s t i n g  s e t s  

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

E x p e c t a n c y  Model p r e d i c t s  t h a t  t h e  ha rmoni c  e n d i n g  of  a me lody  w i l l  

i n t e r a c t  w i t h  i t s  t empora l  e n d i n g .  An u n r e s o l v e d  me lody s h o u l d  be 

j u d g e d  s h o r t e r  t h a n  a r e s o l v e d  one when t h e  t empora l  e n d i n g  o f  t he  

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

p r e s u ma b l y  c r e a t e  a s e n s e  of  f i n a l i t y ,  t he  u n r e s o l v e d  me lody s h o u l d
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a p p e a r  t o  end e a r l i e r  than  e x p e c t e d .  The o p p o s i t e  e f f e c t  s h o u l d  occur  

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

c o n t e x t  - f a i l s  t o  s i g n i f y  m e l o d i c  c o m p l e t i o n .  I f  1 1 s t e n e r s  menta l  1 y 

e x t r a p o l a t e  an u n r e s o l v e d  melody t o  i t s  e x p e c t e d  t o n i c ,  t he n  i t  s h o u l d  

seem l o n g e r  t han  a r e s o l v e d  me l ody .

The p r e d i c t i o n s  of  the  Ex p e c t a n c y  Model ,  shown in T a b l e  17,  a r e  

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

m o d e l s .  A c c o r d i n g  t o  t he  S t o r a g e  S i z e  and A t t e n t i o n a l  E f f o r t  mo d e l s ,  

a l l  m e l o d i e s  s h o u l d  be j u d g e d  a s  equal  in d u r a t i o n .  Ag a i n ,  t h e s e  

mo de l s  assume t h a t  j u d g e d  d u r a t i o n  de pends  on the  number of  c o g n i t i v e  

chunks  t h a t  a r e  d e l i n e a t e d  by m e l o d i c  and t empora l  a c c e n t s .  The 

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

a l l  c o n t a i n  t he  same rhythm and a c c e n t  s t r u c t u r e .

B l o c k ' s  C o g n i t i v e  Change H y p o t h e s i s  g e n e r a t e s  a t h i r d  s e t  of  

p r e d i c t i o n s .  T h i s  model a ssumes  t h a t  d u r a t i o n  e s t i m a t e s  w i 11 i n c r e a s e  

w i t h  t h e  number of  c h a n g e s  f rom t h e  r e s o l u t i o n  c o n v e n t i o n .  S i nce  

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

p r e v i o u s  c o n t e x t  e n d i n g  s h o u l d  a l wa y s  seem l o n g e r  t han  a t o n i c  e n d i n g .  

The v a r i a b l e  of  t empora l  e n d i n g  t he n  s h o u l d  no t  i n t e r a c t  w i t h  harmonic  

end i ng .

These  t h r e e  s e t s  of  p r e d i c t i o n s ,  summar ized in T a b l e  17,  were 

e v a l u a t e d  in t h e  f o l l o w i n g  e x p e r i m e n t .
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Method

Des ign and S u b j e c t s

The p r e s e n t  e x p e r i m e n t  i n c o r p o r a t e s  b o t h  an a d a p t a t i o n  and t e s t  

p h a s e .  S i n ce  t h e  r e s u l t s  o f  t h e s e  two p h a s e s  w i l l  be a n a l y z e d  

s e p a r a t e l y ,  t h e  d e s i g n  of  each  w i l l  be d e s c r i b e d  in t u r n .

S p e c i f i c a l l y  t h e  d e s i g n  of  t he  a d a p t a t i o n  phase  was a 4 x 3 x 3 x 2  

mixed f a c t o r i a l .  Four  l e v e l s  of  ha rmonic  e n d i ng  ( T o n i c - T o n i c ;

P r e v i o u s  Co n t e x t  N o t e - P r e v i o u s  Co n te x t  N o te ;  T o n i c - P r e v i o u s  Con t e x t  

N o t e ;  P r e v i o u s  Co n t e x t  N o t e - T o n i c )  were  c r o s s e d  w i t h  t h r e e  s o n g s .  The 

two be t ween s u b j e c t  v a r i a b l e s  were t empora l  e n d i n g  ( S h o r t ,  Long,  

I s o c h r o n o u s )  and c o u n t e r b a l a n c e d  o r d e r  of  t r i a l  p r e s e n t a t i o n  ( 1 ,  I I ) .

For  t he  t e s t  p h a s e ,  t h e  d e s i g n  was 4 x 3 x 3 x 3 x 2  mixed 

f a c t o r i a l .  Four  l e v e l s  o f  ha rmoni c  en d i ng  p a i r s  ( T o n i c - T o n i c ;  P r e v i o u s  

Co n t e x t  N o t e - P r e v i o u s  Con t e x t  N o t e ;  T o n i c - P r e v i o u s  Co n t e x t  No t e ;  

P r e v i o u s  C o n te x t  N o t e - T o n i c )  were  c r o s s e d  w i t h  t h r e e  l e v e l s  of  

t empora l  e n d i n g  p a i r s  (Long-Long;  I s o c h r o n o u s - I s o c h r o n o u s ;

S h o r t - S h o r t )  and t h r e e  s o n g s ,  The two between s u b j e c t s  v a r i a b l e s  were 

c o u n t e r b a l a n c e  o r d e r  ( I ,  I I )  and a d a p t a t i o n  s e t  ( S h o r t ,  Long,  

I s o c h r o n o u s ) .

T h i r t y - s i x  u n d e r g r a d u a t e s  were  r e c r u i t e d  f room I n t r o d u c t o r y  

P s y c h o l o g y  in r e t u r n  f o r  c o u r s e  c r e d i t .  No c o n s t r a i n t s  were p l a c e d  on 

mu s i c a l  a b i l i t y .  S ix  s u b j e c t s  were  r andoml y a s s i g n e d  t o  one o f  t he  

s i x  b e t w e e n - s u b j e c t s  c o n d i t i o n s .
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St  i mul us  Ma t e r  i a l s

T h re e  o-f t h e  -four s o n g s ,  shown in F i g u r e  6 ,  were  a g a i n  u s ed  a s

e x p e r i m e n t a l  s t i m u l i .  0-f t h e  f o u r  shown,  t he  Pon t  s ong  was  d i s c a r d e d

t o  r e d u c e  t h e  t o t a l  number  o-f e x p e r i m e n t a l  t r i a l s .  T h i s  p a r t i c u l a r  

song  was s e l e c t e d  o ve r  t h e  o t h e r s  s i n c e  i t s  r e s o l u t i o n  r a t i n g s  were  

r e l a t i v e l y  more v a r i a b l e .

For  each  s o n g ,  t h o s e  v e r s i o n s  e n d i n g  on t he  t o n i c  and p r e v i o u s  

c o n t e x t  n o t e  were  c h o s e n .  Each of  t h e s e  s i x  m e l o d i e s  were  t he n  g i v e n  

t h r e e  t y p e s  of  t e mpor a l  e n d i n g .  In t h e  i s o c h r o n o u s  c o n d i t i o n ,  t he  

on t i me  o f  t h e  f i n a l  n o t e  was  t h e  same a s  i t s  p r e v i o u s  n o t e  v a l u e s .

The s e t  o f  o n t i m e s  f o r  eac h  song was  i d e n t i c a l  t o  t h o s e  u s ed  in

E x pe r i me n t  3a and 3b .  In t h e  1ono c o n d i t i o n ,  t h e  on t i me  of  t h e  f i n a l

n o t e  was r o u g h l y  65% l o n g e r  t han  t h a t  o f  p r e c e d i n g  n o t e s .  By r e f e r r i n g  

t o  T a b l e s  IBa and 18b,  n o t i c e  t h a t  t he  o n t i m e s  o f  a l l  o t h e r  n o t e s  

w i t h i n  a  s ong  a r e  d e c r e a s e d  r e l a t i v e  t o  v a l u e s  w i t h i n  t h e  i s o c h r o n o u s  

c o n d i t i o n .  Th e s e  t o n a l  d u r a t i o n s  were  d e c r e a s e d  such t h a t  t h e y  a)  d i d  

n o t  s ound  n o t i c e a b l y  " c l i p p e d "  and b)  m a i n t a i n e d  the  same t o t a l  

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

t h e  s h o r t  c o n d i t i o n  c o n t a i n e d  an on t i me  t h a t  was  65% s h o r t e r  t ha n  the  

on t i me  o f  p r e c e d i n g  n o t e s .  The o n t i m e s  of  t h e  r e m a i n i n g  n o t e s  in t h i s  

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

c o n d i t i o n .  Thes e  on t i me  v a l u e s  were  a s s i g n e d  such  t h a t  a)  t h e i r  

r e l a t i v e  m a g n i t u d e  d i f f e r e n c e  was co mp a r ab l e  t o  v a l u e s  w i t h  t he  long  

c o n d i t i o n  and b> t h e  t o t a l  d u r a t i o n  o f  t he  p a t t e r n  was p r e s e r v e d .  The 

s e t  of  d u r a t i o n  v a l u e s  f o r  a l l  s o n g s  i s  shown in T a b l e s  18a and 18b.
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TABLE 18

THE STIMULUS ONSET ASYNCHRON1ES < S O A 'S ) FOR THE WttlPULAT1CJNS 
OF TEMPORAL ENDING USED IN  EXPERIMENTS 3 W D 4 .

LONG, LONG, AGD 

ISOCHRONOUS LENGTHENED SHORTENED

NOTES ON-TIME GFF-TIM E ON-TIME OFF-TIM E ON-TIME OFF-TIM
F4 300 150 2 9 0 150 3 10 150
F4 150 75 145 7 5 155 7 5
G4 150 7 5 1 45 7 5 155 7 5
A4 300 150 2 9 0 150 3 10 150
A4 150 7 5 145 75 155 7 5
A*4 150 7 5 145 75 1 5 5 7 5
CS 300 150 2 90 150 3 10 150
D5 150 75 145 75 1 55 75
C5 150 7 5 145 7 5 155 7 5
A4 3 0 0 4 00 290 6 0 0 3 10 600
C5 3 0 0 150 2 90 150 310 150
AM4 150 75 145 7 5 155 7 5
A4 150 7 5 145 75 1 55 7 5
G4 SOD 600 290 600 310 6 00
AIM 3 0 0 150 290 150 3 10 150
A4 ISO 7 5 145 7 5 1 55 7 5
G4 150 7 5 145 7 5 155 7 5
F4 300 100 4 2 0 100 i e o 100

CZECH FOLK SONG
04 200 100 1 95 100 2 0 2 to o
C4 2 00 100 195 100 2 0 2 100
C4 200 100 195 100 2 0 2 100
C4 2 00 100 1 9 5 100 2 0 2 100
C4 2 00 100 1 9 5 100 2 0 2 100
D4 2 00 100 195 100 2 0 2 100
E4 2 00 400 1 9 5 4 00 2 0 2 400
F4 2 00 100 195 100 2 0 2 100
E4 200 100 1 9 5 100 2 0 2 100
D4 2 0 0 4D0 1 95 4 00 2 0 2 4 00
E4 200 100 1 9 5 100 2 0 2 100
D4 200 100 195 100 2 0 2 100
04 2 00 4 00 195 400 2D2 4 00
C4 2 00 100 1 95 100 2 0 2 100
C4 2 00 100 1 95 100 2 0 2 100
C4 2 00 100 195 100 2 0 2 100
C4 2 00 100 195 100 2 0 2 100
C4 2 00 100 195 100 2 0 2 100
04 2 00 100 195 100 2 0 2 100
E4 200 4 00 1 95 4 0 0 2 0 2 4 00
F4 200 100 1 95 100 2 0 2 100
E4 200 100 195 100 2 0 2 100
D4 2 0 0 100 1 95 100 2 0 2 100
D4 2 0 0 100 195 100 2 0 2 100
C4 2 0 0 100 32D 100 1 52 100
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TABLE 18 (con t in u td )

THE STIMULUS ONSET A SYNCHRONIES (S O A 'S )  FOR THE P O P U L A T IO N S  
OF TEMPORAL ENDING USED IN  EXPERIMENT 3  AND 4 .

THE CUCKOO

ISOCHRONOUS LENGTHENED SHORTENED

H U H  CN-T1ME Q F F-T 1H E  m - T J H E  O F F-T IM E  ON-TIM E O FF-TIM E
2 0 3  4 0 0
2 0 3  1 0 0
2 0 3  4 0 0
2 0 3  100
2 0 3  1 0 0
2 0 3  1 00
2 0 3  1 00
2 0 3  7 0 0
2 0 3  4 0 0
2 0 3  1 00
2 0 3  4 0 0
2 0 3  1 00
2 0 3  1 00
2 0 3  100
2 0 3  1 0 0
1 3 3  1 0 0

F 4  1 3 0  7 5
F 4  3 0 0  130
0 4  1 50  7 3
G4 1 50  7 3
G4 3 0 0  1 5 0
A 4 1 30  7 3
AN4 1 50  7 3
C 3 1 30  7 5
F 4  1 30  7 3
E 4  1 30  7 5
F 4  1 30  7 3
G4 1 50  7 3
C 4 1 3 0  7 3
F 4  1 3 0  7 3
F 4  1 3 0  7 3
F 4  3 0 0  1 5 0
G4 1 3 0  7 3
0 4  1 3 0  7 5
0 4  3 0 0  1 5 0
A 4 1 3 0  7 3
A «4  1 5 0  7 3
C 3 1 3 0  7 3
F 4  1 30  7 5
0 4  1 30  7 3
E4 1 50  7 3
F 4  3 0 0  150

G4 2 0 0 4 0 0 1 9 3 4 0 0
E4 2 0 0 1 00 1 9 3 1 00
G4 2 0 0 4 0 0 1 9 3 4 0 0
E4 2 0 0 1 00 1 9 3 100
F 4 2 0 0 1 00 1 9 3 100
E4 2 0 0 100 1 9 3 100
D4 2 0 0 100 1 93 1 0 0
E 4 2 0 0 7 0 0 1 9 3 7 0 0
G4 2 0 0 4 0 0 1 9 3 4 00
E 4 2 0 0 1 0 0 1 9 3 1 00
0 4 2 0 0 4 0 0 1 9 3 4 0 0
E 4 2 0 0 1 0 0 1 9 3 1 00
F 4 2 0 0 1 0 0 1 9 3 1 0 0
E 4 2 0 0 1 0 0 1 9 3 1 00
D4 2 0 0 1 00 1 9 3 1 00
C4 2 0 0 1 00 3 0 3 1 00

SUR LE PONT D 'A V I ONON
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Two s e t s  o-f p a t t e r n  p a i r s  were  c o n s t r u c t e d .  One s e t  was d e s i g n e d  

-for an a d a p t a t i o n  p h a s e  and a n o t h e r  -for a t e s t  p h a s e .

P a t t e r n  P a i r s  -for t he  A d a p t a t i o n  Phase

For  e ac h  type  o-f t e mpor a l  e n d i n g ,  p a t t e r n s  were  p a i r e d  such  t h a t  

t h e  ha r mon i c  e n d i n g  wou ld  e i t h e r  be t h e  same < i e .  R e s o l v e d - R e s o l v e d ;  

U n r e s o l v e d - U n r e s o l v e d )  o r  di - f - ferent  < i e .  R e s o l v e d - U n r e s o l v e d ;  

U n r e s o l v e d - R e s o l v e d )  w i t h i n  a p a i r .  Al l  p a t t e r n  p a i r s ,  however ,  

a l wa y s  c o n t a i n e d  t h e  same s o n g ,  t h e  same t o t a l  d u r a t i o n ,  and t he  same 

t e mp o r a l  e n d i n g .  By c r o s s i n g  t he  -four l e v e l s  o-f ha rmon i c  e n d i n g  w i t h  

t h e  t h r e e  s o n g s  and a r e p e a t e d  p r e s e n t a t i o n  - f a c t o r ,  24 r an d o mi ze d  

t r i a l s  were  o b t a i n e d .  For  each  t y p e  o-f t e mpor a l  e n d i n g ,  two b l o c k s  ( I ,  

I I )  o-f 24 t r i a l s  were  d e v i s e d  -for t he  - f ac t o r  o-f c o u n t e r b a l a n c e  o r d e r .  

P a t t e r n  P a i r s  -for t he  T e s t  Phase

P a t t e r n s  were  a g a i n  p a i r e d  such t h a t  ha rmoni c  e n d i n g  was e i t h e r  

t h e  same o r  d i - f - fe rent  w i t h i n  a p a i r  -  y i e l d i n g  -four t y p e s  o-f ha rmoni c  

e n d i n g  p a i r s .  A l s o  a s  be- fore ,  p a t t e r n s  w i t h i n  a p a i r  a l wa y s  c o n t a i n e d  

t h e  same s o n g ,  same t e mpor a l  e n d i n g ,  and same t o t a l  d u r a t i o n .  He r e ,  

howeve r ,  t h e  t e mpor a l  e n d i n g  o-f p a t t e r n  p a i r s  c o u l d  di-f-fer a c r o s s  

e x p e r i m e n t a l  t r i a l s .  T h u s ,  by c r o s s i n g  the  -four t y p e s  o-f ha rmoni c  

e n d i n g  w i t h  t h e  t h r e e  t y p e s  o-f t e mpora l  e n d i n g s  ( l o n g - l o n g ;  

s h o r t - s h o r t ;  and i s o c h r o n o u s - i s o c h r o n o u s ) ,  t h r e e  s o n g s ,  and a r e p e a t e d  

p r e s e n t a t i o n  - f a c t o r ,  72 t e s t  t r i a l s  were  y i e l d e d .  T r i a l s  were  

r a n d o mi z e d  and d i v i d e d  i n t o  two b l o c k s  o-f 36 t r i a l s .

A p p a r a t u s

Same a s  be- fore .
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P r o c e d u r e

Twelve  s u b j e c t s  were  r andoml y  a s s i g n e d  t o  one o f  t h e  t h r e e  

a d a p t a t i o n  p h a s e s  (Long,  S h o r t ,  I s o c h r o n o u s ) .  W i t h i n  e ac h  g r o u p ,  h a l f  

were  a s s i g n e d  t he  24 t r i a l s  of  Block 1 and s i x  were  a s s i g n e d  t h o s e  of  

Block I I .

On each  t r i a l ,  a h i gh  p i t c h e d  w a r n i n g  t o n e  (5000 hz)  p r e c e d e d  an 

i n i t i a l  me lody  by two s e c s .  F o l l o w i n g  t h e  p r e s e n t a t i o n  of  t h e  f i r s t  

me l o d y ,  a s e co nd  melody  o c c u r r e d  two s e c o n d s  l a t e r .  Dur i ng  a 7 s e c .  

r e s p o n s e  i n t e r v a l ,  s u b j e c t s  were  t he n  a s ke d  t o  j u d g e  t h e  d u r a t i o n  of  

t h e  s e c o n d  me lody  r e l a t i v e  t o  t h e  f i r s t  one .  A r e s p o n s e  s c a l e ,  t h a t  

was  m o d i f i e d  f rom e a r l i e r  s t u d i e s ,  r e q u i r e d  s u b j e c t s  t o  c i r c l e  one of  

t h e  f o l l o w i n g  numbers :

v e r y  much q u i t e  somewhat  same somewhat  q u i t e  v e r y  much

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

- 3  - 2  -1 S +1 +2 +3

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

numbers  now r e f e r  t o  s h o r t e r  j u d g m e n t s  and l a r g e r  numbers  r e f e r  t o  

l o n g e r  j u d g m e n t s .  T h i s  s c a l e  was  f e l t  t o  be more c o n s i s t e n t  w i t h  t he  

c o n v e n t i o n  o f  a s s i g n i n g  l a r g e r  numbers  t o  g r e a t e r  q u a n t i t i e s .  In 

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

a s k e d  t o  j u d g e  t h e  c e r t a i n i t y  o f  t h e i r  r e s p o n s e  on a 7 p t .  s c a l e .
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A f t e r  r e c e i v i n g  t h e  24 t r i a l s  of  t h e  a d a p t a t i o n  p h a s e ,  s h o r t  r e s t  

b r e a k  was  p r o v i d e d  <ca .  2 m i n s ) .  Al l  s u b j e c t s  were  t he n  a s k e d  t o  

j u d g e  t he  r e l a t i v e  d u r a t i o n  o f  m e l o d i e s  w i t h i n  a t e s t  p h a s e .  Two 

c o u n t e r b a l a n c e d  b l o c k s  of  36 t r i a l s  were  p r e s e n t e d ,  s e p a r a t e d  by a 

s h o r t  2 mi n .  b r e a k .  An e n t i r e  e x p e r i m e n t a l  s e s s i o n  was  a p p r o x i m a t e l y  

one hou r  in d u r a t i o n .

R e s u l t s

R e s u l t s  o f  t h e  a d a p t a t i o n  and t e s t  p h a s e s  were  a n a l y z e d  

s e p a r a t e l y .  S i n c e  t h e  d u r a t i o n  e s t i m a t e s  of  t h e  T e s t  Phase  a r e  of  

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

T e s t  Phase

T a b l e  19 d i s p l a y s  t he  mean j u d g e d  d u r a t i o n  a s  a f u n c t i o n  of  

ha r mon i c  and t e mpor a l  e n d i n g .  Means a r e  c o l l a p s e d  o v e r  a d a p t a t i o n  

s e t ,  s o n g ,  and c o u n t e r b a l a n c e  o r d e r  < F ' s  a l l  n o n s i g n i f i c a n t ) .  S c o r e s  

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

f rom 1 t o  7 b u t  t h e  d i r e c t i o n  o f  t h e s e  v a l u e s  a r e  now r e v e r s e d  f rom 

p r e v i o u s  e x p e r i m e n t s .  V a l u e s  < 4 i n d i c a t e  t h a t  t h e  s e c o n d  p a t t e r n  was 

j u d g e d  s h o r t e r  t h a n  t h e  f i r s t ;  v a l u e s  > 4 i n d i c a t e  t h a t  t h e  s e c o n d  

p a t t e r n  was  j u d g e d  1o n o e r  ; and v a l u e s  equa l  t o  4 d e n o t e  e q u i v a l e n t  

j u d g e d  d u r a t i o n .

T h re e  s e t s  of  p r e d i c t i o n s  a r e  e v a l u a t e d  w i t h i n  t h i s  e x p e r i m e n t .  

A c c o r d i n g  t o  p r e d i c t i o n s  of  t he  E x p e c t a n c y  Model ,  t e mpor a l  e n d i n g  

s h o u l d  i n t e r a c t  w i t h  h a r mon i c  e n d i n g .  R e l a t i v e  t o  a  t o n i c  e n d i n g ,  a 

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

c o n d i t i o n  and u n d e r e s t i m a t e d  in b o t h  t he  Long and S h o r t  c o n d i t i o n s .
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TABLE 19

MEAN JUDGED DURATION FOR TEST PHASE MELODIES OF EXPERIMENT 4 
SHOWN AS A FUNCTION OF HARMONIC AND TEMPORAL ENDING. A VALUE 
OF 4 INDICATES EQUIVALENT JUDGED DURATION; VALUES <4 INDICATE 
THE SECOND PATTERN WAS JUDGED SHORTER; VALUES >4 INDICATE 
THE SECOND PATTERN WAS JUDGED LONGER.

TEMPORAL ENDING 

ISOCHRONOUS LONG SHORT MEANS

H RESOLVED -  
A RESOLVED 
R 
M
0 UNRESOLVED -  
N UNRESOLVED
1 
C

RESOLVED -  
E UNRESOLVED 
N 
D
1 UNRESOLVED -  
N RESOLVED 
G

4 . 0 0 4 . 0 6 3 . 9 9 4 . 0 2

4 . 0 0 4 . 0 2 4 . 0 0 4.01

4 . 3 2 3 . 6 6 3 . 7 7 3 . 9 2

3 . 8 6 4 . 1 3 4 . 0 5 4.01

MEANS 4 . 0 5 3 . 9 7 3 . 9 5
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The S t o r a g e  S i z e  and A t t e n t i o n a l  E f f o r t  Models  p r e d i c t  no d i f f e r e n c e s  

in j u dg e d  d u r a t i o n  w h i l e  t he  C o g n i t i v e  Change H y p o t h e s i s  s i mpl y  

p r e d i c t s  a main e f f e c t  f o r  ha rmoni c  e n d i n g .  R e g a r d l e s s  o f  t empora l  

e n d i n g ,  a p r e v i o u s  c o n t e x t  e n d i n g  s h o u l d  a l ways  seem l o n g e r  t han  a 

t o n i c  e n d i n g .

C o n s i s t e n t  w i t h  p r e d i c t i o n s  of  t he  E x pe c t a n c y  Model ,  an 

s i g n i f i c a n t  i n t e r a c t i o n  between harmonic  and t empora l  e n d i n g  was 

o b t a i n e d  <F6,180 = 4 1 . 4 7 ,  p< . 00 0 1 ,  MSe = . 0 4 7 ) .  A s e r i e s  of  

B o n f e r r o n i  p o s t  hoc c o m p a r i s o n s  were c o n d u c t e d  t o  d e t e r m i n e  the  n a t u r e  

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

c o u n t e r b a l a n c e d  p a t t e r n  p a i r  were  s u b t r a c t e d  f rom a v a l u e  of  4 . 00  t o  

o b t a i n  t he  a v e r ag e  d i f f e r e n c e  f rom a ' s ame"  j u d g me n t .  T a b l e  20 

d e p i c t s  t h e s e  v a l u e s  and i n d i c a t e s  which p a t t e r n  of  a p a i r  was under  

o r  o v e r e s t i m a t e d .

U i t h i n  t he  I s o c h r o n o u s  c o n d i t i o n ,  m e l o d i e s  e n d i n g  on the  p r e v i o u s  

c o n t e x t  n o t e  were  in f a c t  j u d g e d  l o n g e r  than  m e l o d i e s  e n d i n g  on the  

t o n i c  <F2, 180 -  4 . 6 0 ,  p < . 0 1 ) ,  C o n v e r s e l y ,  t he  p r e v i o u s  c o n t e x t  

e n d i n g  was j u d g e d  s h o r t e r  t h a n  a t o n i c  e n d i n g  in bo t h  t he  Long <F2,

180 = 5 . 7 0 ,  p<.01> and S h o r t  <F2,  180 = 2 . 8 0 ,  p<.01> c o n d i t i o n s .  The 

ma g n i t u d e  of  t h e s e  e f f e c t s  were comparab l e  a c r o s s  s u b j e c t s  and were 

n o t  i n f l u e n c e d  by a d a p t a t i o n  s e t  (F < 1 . 0 0 ) .

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

a l s o  o b t a i n e d  (F2 69 = 1 3 . 9 3 ,  p< . 00 0 1 ,  MSe = . 0 9 7 ) .  As t he  column 

means o f  T a b l e  19 r e v e a l ,  m e l o d i e s  c o n t a i n i n g  a l ong e n d i n g  were 

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



TABLE 20

THE MEAN DIFFERENCE FROM A JUDGMENT OF EQUIVALENT DURATION 
FOR PATTERN PAIRS IN EXPERIMENT 4.

MEAN UNRESOLVED
TEMPORAL ENDING__________________ DIFFERENCE__________ PATTERN DAS;

ISOCHRONOUS .23 p<.01 OVERESTIMATED

LENGTHENED .24 p<.01 UNDERESTIMATED

SHORTENED .14 p< . 05  UNDERESTIMATED



202

TABLE 21

MEAN JUDGED DURATION FOR ADAPTATION PHASE MELODIES OF 
EXPERIMENT 4 SHOWN AS A FUNCTION OF HARMONIC AND TEMPORAL 
ENDING. A VALUE OF 4 INDICATES EQUIVALENT JUDGED DURATION; 
VALUES <4 INDICATE THE SECOND PATTERN WAS JUDGED SHORTER; 
VALUES >4 INDICATE THE SECOND PATTERN WAS JUDGED LONGER.

TEMPORAL ENDING 

ISOCHRONOUS LONG SHORT MEANS

H RESOLVED -  
A RESOLVED 
R

4 . 00 4 . 04 4 . 00

M
0 UNRESOLVED - 4 . 0 2 3 . 9 7 3 . 9 9
N UNRESOLVED
I
C

RESOLVED - 4 . 5 8 3 . 6 3 3 . 7 7
E UNRESOLVED
N
D
I UNRESOLVED - 3 . 54 4.71 4.11
N RESOLVED
G . . . .

MEANS 4 . 0 4 4 . 0 9 3 . 97
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( F2 ,  60 = 2 . 7 1 ,  p < . 0 5 ) .  T h i s  s u g g e s t s  t h e  p r e s e n c e  o f  r e s p o n s e  b i a s  

and t h a t  s u b j e c t s  were  more a p t  t o  r e s p o n d  " l ong"  i f  t h e  m e l o d i e s '  

e n d i n g  were  l o n g .  The s e  e f f e c t s  o f  r e s p o n s e  b i a s ,  however ,  c a n n o t  

e x p l a i n  t he  l a w f u l  h a r m o n i c - t e m p o r a l  e n d i n g  i n t e r a c t i o n  o b t a i n e d  h e r e .  

A d a p t a t i o n  Phas e

T a b l e  21 d i s p l a y s  t he  mean j u d g e d  d u r a t i o n  f o r  m e l o d i e s  w i t h i n  

t he  a d a p t a t i o n  p h a s e .  M e l o d i e s  d i f f e r i n g  in ha r mon i c  e n d i n g  a r e  shown 

a s  a f u n c t i o n  o f  t e mpor a l  e n d i n g  where  means  a r e  c o l l a p s e d  o v e r  song  

and c o u n t e r b a l a n c e  o r d e r  <F < 1 . 0 0 ) .

A p r i m a r y  p u r p o s e  of  t h i s  A d a p t a t i o n  Phase  was t o  d e t e r m i n e  

w h e t h e r  t h e  r e s u l t s  o f  a b e t w e e n - s u b j e c t s  d e s i g n  wou ld  c o nv e r ge  w i t h  

t h o s e  o f  a w i t h i n - s u b j e c t s  one < i e .  T e s t  P h a s e ) .  A s i g n i f i c a n t  

i n t e r a c t i o n  be t wee n  h a r mon i c  and t e mpor a l  e n d i n g  <F6,90 = 3 3 . 8 7 ,  

p < . 0 0 0 1 ,  MSe ~ . 07)  showed t h a t  r e s u l t s  d i d  in f a c t  c o n v e r g e .

R e l a t i v e  t o  a t o n i c  e n d i n g ,  t he  p r e v i o u s  c o n t e x t  e n d i n g  was 

o v e r e s t i m a t e d  in t h e  I s o c h r o n o u s  c o n d i t i o n  <F2,90 = 8 . 6 7 ,  p<.01> and 

u n d e r e s t i m a t e d  in b o t h  t h e  Long ( F 2 , 9 0  = 9 . 0 0 ,  p < . 0 1 )  and S h o r t  

c o n d i t i o n s  <F2,90 = 2 . 8 3 ,  p < . 0 1 ) .  A g a i n ,  t h e s e  r e s u l t s  s u p p o r t  t he  

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

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

Pi s c u s s i  on

The p r i m a r y  p u r p o s e  of  t h i s  e x p e r i m e n t  was  t o  d e t e r m i n e  w h e t h e r  

d u r a t i o n  e s t i m a t e s  wou ld  be i n f l u e n c e d  by t he  p r e s e n c e  o r  a b s e n c e  of  a 

s t r u c t u r a l l y  marked  e n d i n g .  A c c o r d i n g  t o  m u s i c a l  c o n v e n t i o n ,  an 

e n d - l e n g t h e n e d  t o n i c  s p e c i f i e s  t h a t  a melody i s  c o m p l e t e d .  The
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E x pe c t a n cy  Model a ssumes  t h a t  l i s t e n e r s  a r e  a t t u n e d  t o  t h e s e  

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

r e s o l u t i o n  d o e s  n o t  occur  a s  e x p e c t e d ,  t hen  s y s t e m a t i c  t ime e r r o r s  

s h o u l d  a r i s e .  M e l o d i e s  l a c k i n g  a p e r c e p t i b l e  end  s h o u l d  e ncou r a ge  a 

me n t a l  c o n t i n u a t i o n  t o  t he  e x p e c t e d  end .  T h i s  n o t  o n l y  p r o v i d e s  a 

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

In c o n t r a s t ,  u n d e r e s t i m a t i o n s  a r e  p r e d i c t e d  t o  o c c u r  whenever  a melody 

ends  e a r l i e r  than  e x p e c t e d .  These  m e l o d i e s  do c o n t a i n  a p e r c e p t i b l e  

end bu t  one t h a t  v i o l a t e s  a p e r c e i v e r ' s  e x p e c t a n c i e s .

The e f f e c t s  o b s e r v e d  w i t h i n  t h i s  e x p e r i m e n t  s u p p o r t  t he  

E x pe c t a n c y  Model .  By r emovi ng  the  e n d - l e n g t h e n i n g  e f f e c t ,  f o r  

exampl e ,  t h e  m e l o d y ' s  e n d i n g  was i s o c h r o n o u s  w i t h  t he  p r e c e d i n g  

t e mpora l  c o n t e x t .  These  m e l o d i e s  t h e r e f o r e  l a c k e d  a d e f i n i t i v e  end 

and a p p e a r e d  as  i f  t h e y  s h o u l d  c o n t i n u e  on t o  t he  e x p e c t e d  p r o l o n g e d  

t o n i c .  S u b j e c t s  p r es umab l y  e x t r a p o l a t e d  t h i s  e x p e c t e d  c o m p l e t i o n  when 

t h e  melody ended  on a p r e v i o u s  c o n t e x t  n o t e .  R e l a t i v e  t o  a t o n i c  

e n d i n g ,  t h i s  s o r t  of  melody y i e l d e d  o v e r e s t i m a t i o n s  of  j udge d  

d u r a t  i o n .

These  same m e l o d i c  p a i r s ,  however ,  d i s p l a y e d  u n d e r e s t i m a t i o n s  

when t he  t empora l  e n d i n g  was e i t h e r  p r o l o n g e d  or  s h o r t e n e d .  S h o r t  and 

l ong  e n d i n g s  a p p a r e n t l y  impar t  a s e n s e  of  f i n a l i t y  by d e v i a t i n g  from a 

m e l o d y ' s  t empora l  c o n t e x t .  A p r o l o n g e d  en d i ng  in f a c t  confo rms  to  

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

i n t e r r u p t i o n .  In bo th  c a s e s ,  m e l o d i e s  e nd i ng  on t he  p r e v i o u s  c o n t e x t  

n o t e  l a c k  t h o s e  n o t e s  l e a d i n g  t o  t he  t o n i c .  R e l a t i v e  t o  a melody t h a t



2 05

d o e s  end on t h e  t o n i c ,  t h e s e  m e l o d i e s  end e a r l i e r  t ha n  e x p e c t e d  and 

t h e r e f o r e  seem s h o r t e r  in d u r a t i o n .

The s e  r e s u l t s  a p p e a r  t o  be v e r y  r e l i a b l e  o n e s .  The e f f e c t s  of  

ha r moni c  and  t e mp or a l  e n d i n g  were  i d e n t i c a l  in b o t h  a b e t w e e n - s u b j e c t s  

< i e .  a d a p t a t i o n  p h a s e )  and w i t h i n - s u b j e c t s  d e s i g n  < i e .  t e s t  p h a s e ) .

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

s e t .  The c o n v e n t i o n  of  m u s i c a l  r e s o l u t i o n  a p p e a r s  t o  be a  d e e p l y  

e n g r a i n e d  one t h a t  c a n n o t  be a l t e r e d  by r e c e n t  p r i o r  e x p e r i e n c e .

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

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

d e f i n i t i o n  o f  " c o g n i t i v e  chunks"  s u g g e s t s  t h a t  c o m p l e x i t y  d e p e n d s  on 

t h e  number of  t emp o r a l  a c c e n t s  t h a t  p a r s e  a me lody i n t o  d i s c r e t e  

moments  o f  t i m e .  The s e  c h u n k s ,  howeve r ,  do n o t  r e f l e c t  t h e  harmoni c  

and t e mp o r a l  r e l a t i o n s h i p s  wh i ch  s p e c i f y  a m e l o d y ' s  e n d .  Thus  t he  

S t o r a g e  S i z e  ( O r n s t e i n  1969)  and A t t e n t i o n a l  E f f o r t  Model s  (Underwood 

& Swain 1973j  Thomas it Weaver  1975)  were  u n a b l e  t o  p r e d i c t  d i f f e r e n c e s  

in j u d g e d  d u r a t i o n  a s  a  f u n c t i o n  of  t h e  f i n a l  n o t e .  A l th o u g h  t he  

C o g n i t i v e  Change H y p o t h e s i s  p r e d i c t s  t h a t  any change  in r e s o l u t i o n  

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

change  a r e  n o t  a d d r e s s e d .  Hence ,  B l o c k ' s  model c a n n o t  e x p l a i n  t he  

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

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

d e m o n s t a t e  t h a t  c o m p l e x i t y  can be more p r e c i s e l y  d e f i n e d  w i t h i n  an 

e v e n t ' s  s t r u c t u r e ,
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C h a p t e r  Summary

The e x p e r i m e n t s  t h a t  were  c o n d u c t e d  h e r e  examined t h e  e f f e c t s  of  

m u s i c a l  r e s o l u t i o n  upon j u d g e d  d u r a t i o n .  By manipu l  a t i n g  t h e  t empora l  

and ha r moni c  r e l a t i o n s h i p s  o-f a - f inal  n o t e ,  two a s s u m p t i o n s  w i t h i n  t he  

E x p e c t a n c y  Model were  a s s e s s e d .  A c c o r d i n g  t o  o n e ,  m e l o d i e s  which  l a c k  

a p e r c e p t i b l e  end s h o u l d  p romot e  a  me n t a l  e x t r a p o l a t i o n  t o  t he  

e x p e c t e d  e n d i n g .  T h i s  was  p r e d i c t e d  t o  y i e l d  o v e r e s t  imat  i ons  o-f 

j u d g e d  d u r a t i o n .  T h i s  p r e d i c t e d  e-f-fect was  i nde ed  o b s e r v e d  when a 

m e l o d y ' s  t emp o r a l  e n d i n g  was  i s o c h r o n o u s  w i t h  p r e v i o u s  c o n t e x t .  

R e l a t i v e  t o  a  me lody  e n d i n g  on t h e  t o n i c ,  a me lody e n d i n g  on a 

p r e v i o u s  c o n t e x t  n o t e  was  o v e r e s t i m a t e d  -  p r e s u ma b l y  b e c a u s e  l i s t e n e r s  

e x t r a p o l a t e d  t h e  m e l o d y ' s  m i s s i n g  n o t e s .

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

m e l o d i e s  c o n t a i n i n g  a p e r c e p t i b l e  end b u t  one which  v i o l a t e d  a 

p e r c e i v e r s  e x p e c t a n c i e s .  H e r e ,  m e l o d i e s  were  p r e d i c t e d  t o  y i e l d  

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

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

e- f - fect s .  S i n c e  t h e  p r e v i o u s  c o n t e x t  m e l o d i e s  ended  be-fore t h e i r  

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

endi  ng .

The s e  r e s u l t s  s e r v e d  t o  i l l u s t r a t e  some p r ob l e m s  w i t h i n  the  

i n f o r m a t i o n - p r o c e s s i n g  m o d e l s  o f  j u d g e d  d u r a t i o n .  Thes e  m o de l s  assume 

t h a t  d u r a t i o n  i s  d e t e r m i n e d  by t h e  number of  c o g n i t i v e  c hunks  o r  

c h a n g e s  w i h i n  an e v e n t .  The s e  c o n c e p t s  of  c o m p l e x i t y ,  howeve r ,  have 

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

A l t hough  t h e s e  e x p e r i m e n t s  do r e v e a l  what  s o r t s  o-f i n v a r i a n t s  

s i g n i f y  an m e l o d y ' s  end ,  we have n o t  e n t i r e l y  answered  a q u e s t i o n  t h a t  

was pos ed  a t  t h i s  c h a p t e r ' s  b e g i n n i n g .  The r e  we a s ked  "How i s  i t  t h a t  

we can a n t i c i p a t e  an e v e n t ' s  end b e f o r e  i t  a c t u a l l y  o c c u r s ? "  The 

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

f i n a l  n o t e ,  and y e t  we a r e  a b l e  t o  a n t i c i p a t e  t he  e n d i n g  of  a melody 

l ong  b e f o r e  t h i s  p o i n t .  S i m i l a r l y ,  t he  smooth exchange of  s p e a k i n g  

r o l e s  i m p l i e s  t h a t  a l i s t e n e r  can a n t i c i p a t e  a s p e a k e r ' s  l a s t  word 

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

s t r u c t u r a l  i n v a r i a n t s  t h a t  d i r e c t  our  a t t e n d i n g  toward  an e v e n t ' s  end .  

In t he  n e x t  and f i n a l  s e t  of  e x p e r i m e n t s ,  we w i l l  i n v e s t i g a t e  wh e t h e r  

t h o s e  i n v a r i a n t s  a r e  r e v e a l e d  by a m e l o d y ' s  u n f o l d i n g  rhythm and the  

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



CHAPTER NINE

SOME EFFECTS OF RHYTHMIC EXPECTANCIES UPON JUDGED DURATION

EXPERIMENT FIVE

The e x p e r i m e n t s  c o n d u c t e d  in the  p r e v i o u s  c h a p t e r  s u g g e s t  t h a t  a 

m e l o d y ' s  c o m p l e t i o n  i s  s t r u c t u r a l l y  marked by a f i n a l  p r o l o n g e d  t o n i c .  

When t he  t empora l  d u r a t i o n  and harmonic  r e l a t i o n s h i p  of  t h i s  f i n a l  

n o t e  were  c ha n g e d ,  d u r a t i o n  e s t i m a t e s  v a r i e d  a c c o r d i n g  t o  p r e d i c t i o n s  

o f  t he  Ex p ec t a n cy  Model .  The pu r po s e  of  t he  p r e s e n t  c h a p t e r  i s  t o  

d e t e r m i n e  w h e t h e r  r h y t h m i c  a c c e n t  s t r u c t u r e  can g u i de  a t t e n d i n g  in 

advance  t oward  a m e l o d y ' s  c o m p l e t i on  < i e .  a r e s o l v e d  e n d i n g ) .  In 

p a r t i c u l a r ,  w e ' l l  examine w h e t h e r  j u d ge d  d u r a t i o n  i s  i n f l u e n c e d  by two 

m u s i c a l  c o n v e n t i o n s  c o n c e r n i n g  a)  t he  number of  b e a t s  between t empora l  

a c c e n t s  and b) t he  harmoni c  r e l a t i o n s h i p  o f  a c c e n t s  t o  t he  m e l o d y ' s  

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

t r a c k i n g ,  t he n  s y s t e m a t i c  v i o l a t i o n s  of  r h y t h m i c  c o n t e x t  may l e a d  a 

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

o c c u r s  -  r e s u l t i n g  in under  and o v e r e s t i m a t i o n s  of  j u d g e d  d u r a t i o n .

In t he  f o l l o w i n g  s e c t i o n ,  w e ' l l  b r i e f l y  r e c o n s i d e r  how rhythm may 

g e n e r a t e  e x p e c t a n c i e s  a bou t  a m e l o d y ' s  end .

Role o f  Rhythmic E x p e c t a n c i e s  in Mus i ca l  R e s o l u t i o n

A c c o r d i n g  t o  a s s u m p t i o n s  of  bo th  Rhythmic A t t e n d i n g  Theo r y  and 

t h e  Ex pe c t a n c y  Model t h a t  i s  p ro p o s ed  h e r e ,  a u d i t o r y  e v e n t s  can be

2 0 8
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d e s c r i b e d  a s  a h i e r a r c h i c a l  o r g a n i z a t i o n  o-f p i t c h  and t e mpor a l  

s t r u c t u r e .  The t e mpor a l  p e r i o d i c i t i e s  w i t h i n  a melody a r e  

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

many b e a t s  w i l l  o c c u r  in a m e a s u r e .  For  e x a m p l e ,  a me lody b a s ed  on a 

3 / 4  m e t e r  s i g n i f i e s  t h a t  a q u a r t e r  n o t e  ( J ) a c t s  a s  t h e  b e a t  u n i t  and 

t h a t  t h e r e  a r e  3 b e a t s  in a m e a s u r e .  But  w e ' v e  a l s o  n o t e d  t h a t  a 

me lody c o n t a i n s  t e mpor a l  c h a n g e s  in t h e  form o f  r e s t s  < i e .  p a u s e s )  and 

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

p a r t i c u l a r  p a t t e r n  o f  t e mpor a l  a c c e n t s ,  or  r hy t hm.  Rhythm i s  

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

r e c u r r e n c e  o f  t e mpor a l  a c c e n t s  can induce  s y n c h r o n i z a t i o n  and e n a b l e  

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

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

i n t e r r e l a t e d  w i t h  t h e  o c c u r r e n c e  of  t e mpor a l  a c c e n t s .  In f a c t ,  

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

i s o c h r o n o u s  f a s h i o n .  T h i s  n o t  o n l y  f a c i l i t a t e s  s y n c h r o n i z a t i o n  bu t  

p r e s u m a b l y  a l l o w s  a l i s t e n e r  t o  a n t i c i p a t e  t h e  "what  and when" of  

f u t u r e  n o t e s .  The p a r t i c u l a r  "what"  of  f u t u r e  n o t e s  can be 

a n t i c i p a t e d  b e c a u s e  m e l o d i c  a c c e n t s  o f t e n  i n v o l v e  members  o f  t he  

me 1o d y ' s  m a j o r  c h o r d .  S i m i l a r l y ,  t he  "when" o f  t h e s e  n o t e s  can be 

a n t i c i p a t e d  b e c a u s e  a c c e n t s  w i l l  r e a p p e a r  a f t e r  an i n v a r i a n t  b e a t  

p e r i o d .  For  e x a m p l e ,  a m u s i c a l  r u l e  change  i s  o f t e n  i n i t i a t e d  w i t h  a 

n o t e  t h a t  i s  i n t i m a t e l y  r e l a t e d  t o  t h e  t o n i c  < i e .  m a j o r  t h i r d ,  

d o m i n a n t ,  o r  t o n i c  i t s e l f ) .  S i n c e  t h i s  s o r t  of  m e l o d i c  a c c e n t  i s  a l s o
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p r e c e d e d  by a paus e  < i e .  a t empora l  a c c e n t ) ,  a l i s t e n e r  i s  a b l e  t o  

a n t i c i p a t e  when a f u t u r e  r u l e  change w i l l  occur  and what  n o t e  i s  

l i k e l y  t o  i n i t i a t e  t h i s  c h an g e .  As n o t e d  p r e v i o u s l y ,  however ,  a 

m u s i c a l  r u l e  w i l l  o f t e n  span ove r  s e v e r a l  n o t e s  t o  c r e a t e  a r a t h e r  

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

a n c h o r e d  t o  i t s  u n d e r l y i n g  s c a l e ,  a composer  may t h e r e o r e  c r e a t e  a 

s econd  type  of  m e l o d i c / t e m p o r a l  a c c e n t .  He r e ,  a ma j o r  c h o r d  member i s  

i n s e r t e d  a t  t he  end of  a me asu r e  and ,  in a d d i t i o n ,  i t s  t empora l  

d u r a t i o n  i s  p r o l o n g e d .  Again  t he  pu r po s e  o f  t h i s  c o n v e n t i o n  i s  t o  

“ remind"  a l i s t e n e r  of  t he  m e l o d y ' s  key and t o  p r o v i d e  an o v e r a l l  

s e n se  of  ha rmoni c  s t a b i l i t y .  As i s  t r u e  o f  mus i c a l  r u l e  c h a n g e s ,  a 

l i s t e n e r  can p r e s uma b l y  a n t i c i p a t e  t he  f u t u r e  o c c u r r e n c e  of  t h e s e  

a c c e n t s  b e c a u s e  t h e y  r e a p p e a r  a f t e r  an i n v a r i a n t  number of  b e a t s .

I f  c o - o c c u r r i n g  a c c e n t s  r e a l l y  do g e n e r a t e  e x p e c t a n c i e s  w i t h i n  a 

l i s t e n e r ,  t hen  i t ' s  l i k e l y  t h a t  a m e l o d y ' s  f u t u r e  c o m p l e t i o n ,  

s p e c i f i e d  by a p r o l o n g e d  t o n i c ,  can a l s o  be a n t i c i a t e d .  To c o n s i d e r  

how t h i s  may be s o ,  l e t ' s  examine t he  melody l a b e l l e d  " O r i g i n a l "  in 

F i g u r e  5 .  T h i s  melody was  c r e a t e d  by a composer  and a c t u a l l y

r e p r e s e n t s  t he  f i n a l  p a s s a g e  < i e .  t he  f i n a l  mu s i c a l  r u l e  span )  of  t he

m e l o d y ' s  co mp l e t e  v e r s i o n .  N o t i c e  t h a t  each t empora l  a c c e n t  <t and 

c o r r e s p o n d i n g  t o  a whole  n o t e , 0 )  c o - o c c u r s  w i t h  a m e l o d i c  a c c e n t  t h a t  

i s  h a r m o n i c a l l y  r e l a t e d  t o  t he  t o n i c  < i e .  ma jo r  t h i r d  or  t o n i c  

i t s e l f ) .  S i nc e  t h e s e  c o - o c c u r r i n g  m e l o d i c  and t empora l  a c c e n t s

r e g u l a r l y  r e c u r  a f t e r  e i g h t  b e a t s ,  one can a t t e n t i o n a l l y  t r a c k  t he

melody and a n t i c i p a t e  t h a t  f u t u r e  a c c e n t s  w i l l  a l s o  o c c u r  a f t e r  e v e r y
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8 b e a t s .  F u r t h e r ,  one i s  a n t i c i p a t i n g  t h a t  t h i s  f u t u r e  a c c e n t  w i l l  

e i t h e r  be t h e  t o n i c  o r  m a j o r  t h i r d  s i n c e  t h e  p r e v i o u s  c o n t e x t  h a s  

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

s a t  i s f  i ed  when an e n d - l e n g t h e n e d  t o n i c  o c c u r s .  In o t h e r  w o r d s ,  the  

t o n i c  e n d i n g  h a s  been  a n t i c i p a t e d  t h r o u g h o u t  t he  me lody  g i v e n  t he  

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

t o  t h e  t o n i c .  In a d d i t i o n ,  one can a l s o  p r e d i c t  when t h e  f i n a l  t o n i c  

may o c c u r  b e c a u s e  a c c e n t s  a l w a y s  r e a p p e a r  a f t e r  an i n v a r i a n t  b e a t  

p e r  i od .

In summary,  t h e n ,  we a r e  c l a i m i n g  t h a t  a m e l o d y ' s  u n f o l d i n g  

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

m e l o d y ' s  e n d .  One i n v o l v e s  t h e  t e mpor a l  a c c e n t u a t i o n  o f  n o t e s  t h a t  

a r e  h a r m o n i c a l l y  r e l a t e d  t o  t h e  t o n i c  ( i e .  a r e  m a j o r  c h o r d  me mber s ) .  

The o t h e r  i n v o l v e s  an i n v a r i a n t  number of  b e a t s  which  s e p a r a t e s  a l l  

a c c e n t s .  Assumi ng t h a t  l i s t e n e r s  a r e  a t t u n e d  t o  t h e s e  two 

i n v a r i a n t s ,  how m i g h t  t h e i r  v i o l a t i o n  a f f e c t  j u d g e d  d u r a t i o n ?

J ud o e d  D u r a t i o n  and  t h e  V i o l a t i o n  of  A cc e n t  S t r u c t u r e s

T h i s  i s s u e  i s  i n t i m a t e l y  r e l a t e d  t o  q u e s t i o n s  a d d r e s s e d  e a r l i e r  

in E x p e r i m e n t s  One and Two. T h e r e  we i n v e s t i g a t e d  how j u d g e d  d u r a t i o n  

i s  a f f e c t e d  by " c l a s h i n g "  p a t t e r n s  of  m e l o d i c  and t empora l  a c c e n t s .  

T h i s  s o r t  o f  a c c e n t  i n c o m p a t i b i l i t y ,  f o r  e x a m p l e ,  can be o b s e r v e d  in 

m e l o d i e s  t h a t  c o n t a i n  a m u s i c a l  r u l e  span  of  t h r e e  n o t e s  b u t  a pause  

a f t e r  e v e r y  f o u r t h  n o t e .  When a s ke d  t o  j u dg e  t h e  d u r a t i o n  o f  t h e s e  

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

t h a t  p e o p l e  j u d g e d  them t o  be e s s e n t i a l l y  o f  s i m i l a r  d u r a t i o n s .  I t  i s
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i m p o r t a n t  t o  n o t e ,  however ,  t h a t  t h e s e  r h y t h m i c  m a n i p u l a t i o n s  d i d  no t  

p r e s e r v e  a law-ful r e l a t i o n s h i p  between m e l o d i c  and t empora l  a c c e n t s  -  

a m u s i c a l  r u l e  change  c o u l d  no t  be p r e d i c t e d  -from t he  me l o d y / s  p a t t e r n  

of  t empora l  a c c e n t s .  Thus  a p e r c e i v e r  p r e s umab l y  c o u l d  no t  g e n e r a t e  

e x p e c t a n i c e s  a bou t  t he  me l o d y / s  - future c o u r s e .

In c o n t r a s t  t o  t h e s e  e a r l i e r  m a n i p u l a t i o n s ,  s uppose  t h a t  we now 

v i o l a t e  a m e l o d y ' s  rhy thm such t h a t  a p r e d i c t a b l e  r e l a t i o n s h i p  

m a i n t a i n s  be tween m e l o d i c  and t empora l  a c c e n t s .  A l i s t e n e r  s h o u l d  be 

a b l e  t o  g e n e r a t e  e x p e c t a n c i e s  abou t  t he  m e l o d y ' s  - fu ture  c o u r s e .  

However ,  t h e  p a r t i c u l a r  s t r u c t u r e  of  t he  m e l o d y ' s  rhythm may g e n e r a t e  

an e x p e c t e d  e n d i n g  t h a t  o c c u r s  r e l a t i v e l y  e a r l i e r  or  l a t e r  than  the 

m e l o d y ' s  a c t u a l  e n d i n g .  A c c o rd i n g  t o  p r e d i c t i o n s  of  the  Expec t ancy  

Model ,  t h i s  w i l l  c o r r e s p o n d i n g l y  g i v e  r i s e  t o  ove r  and 

u n d e r e s t i m a t i o n s  o f  j u d g e d  d u r a t i o n .

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

v i o l a t i n g  t h e  i n v a r i a n t  b e a t  p e r i o d  be tween a c c e n t s .  For example ,  

c o n s i d e r  t he  melody l a b e l l e d  "Bea t  E a r l y "  in F i g u r e  5 .  T h i s  melody 

c o n t a i n s  t h e  same number of  r h y t h m i c  b e a t s  ( i e .  32)  a s  i t s  " O r i g i n a l "  

c o u n t e r p a r t  (shown a t  t h e  top of  t h i s  f i g u r e ) .  In a d d i t i o n ,  t he  

d u r a t i o n  of  ma j o r  cho r d  members i s  p r o l o n g e d  such t h a t  t empora l  and 

m e l o d i c  a c c e n t s  c o - o c c u r  w i t h  one a n o t h e r .  However ,  n o t i c e  t h a t  t he  

m e t e r  be t ween a c c e n t s  h a s  been v i o l a t e d  such t h a t  t he  t h i r d  and f o u r t h  

b e a t  p e r i o d  c o n t a i n ,  no t  8 b e a t s ,  b u t  6 and 10 b e a t s .  How w i l l  j u d g e d  

d u r a t i o n  be a f f e c t e d  by t h i s  v i o l a t i o n ?  Here a l i s t e n e r  w i l l  p e r c e i v e  

t h a t  t h e  f i r s t  two p e r i o d s  between a c c e n t s  i s  an i n v a r i a n t  8 b e a t s ,



and t h a t  t h i s  c o n v e n t i o n  ha s  been v i o l a t e d  by t he  6 b e a t s  o f  t he  t h i r d  

p e r i o d .  Dur i ng  t h e  - f inal  p e r i o d ,  t h e n ,  a l i s t e n e r  w i l l  e x p e c t  t he  

■final t o n i c  t o  o c c u r  a - f t e r  e i t h e r  8 o r  6 b e a t s  -  b u t  t h e  -f inal  n o t e  

d o e s  n o t  a c t u a l l y  o c c u r  u n t i l  a - f t e r  10 b e a t s  . S i n c e  t h i s  l a s t  n o t e  

o c c u r s  l a t e r  t h a n  e x p e c t e d  , t he  m e l o d y ' s  d u r a t i o n  s h o u l d  be 

o v e r e s t i m a t e d .  The o p p o s i t e  e f f e c t  s h o u l d  be o b t a i n e d  w i t h  t he  melody 

l a b e l l e d  a s  “Bea t  L a t e " .  Here t h e  t h i r d  p e r i o d  c o n t a i n s  10 b e a t s  

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

t o n i c  t o  o c c u r  a f t e r  e i t h e r  8 o r  10 b e a t s .  S i n c e  i t  a c t u a l l y  o c c u r s  

a f t e r  o n l y  6 b e a t s ,  t h e  p a t t e r n  s h o u l d  seem t o  end t o o  e a r l y .  I f  s o ,  

t h e  E x p e c t a n c y  Model p r e d i c t s  t h a t  i t s  d u r a t i o n  w i l l  be 

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

S i m i l a r  f i n d i n g s  s h o u l d  be o b t a i n e d  by v i o l a t i n g  t he  c o - o c c u r r i n g  

r e l a t i o n s h i p  be t ween  m e l o d i c  and t empora l  a c c e n t s .  As i l l u s t r a t e d  in 

t h e  "Harmonic E a r l y "  me lody  o f  F i g u r e  5 ,  su p p o s e  t h a t  t empora l  a c c e n t s  

< c) > a l wa y s  o c c u r  on t h e  n o t e  i m m e d i a t e l y  a f t e r  t h e  ma j o r  c h o r d  member 

<m) . S i n c e  an i n v a r i a n t  b e a t  p e r i o d  m a i n t a i n s  be t ween t empora l  

a c c e n t s  ( i e .  8 b e a t s ) ,  a p e r c e i v e r  s h o u l d  p i c k u p  t h e  r e l a t i v e  l o c a t i o n  

o f  t h e s e  " m e l o d ic  a c c e n t s " .  However ,  i f  one u s e s  t h e s e  ma j o r  cho r d  

members  t o  p r e d i c t  t he  m e l o d y ' s  f i n a l  t o n i c ,  o n e ' s  e x p e c t a n c i e s  w i l l  

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

e x p e c t e d  8 b e a t s  < r e l a t i v e  t o  t h e  p r e c e d i n g  m a jo r  c h o r d  member) -  

i n s t e a d ,  i t  o c c u r s  a f t e r  9 b e a t s .  T h i s  e n d i n g  o c c u r s  l a t e r  than  

e x p e c t e d  and so  t h e  m e l o d y ' s  d u r a t i o n  s h o u l d  be o v e r e s t i m a t e d .  A g a i n ,  

t he  o p p o s i t e  e f f e c t  i s  p r e d i c t e d  t o  o c c u r  w i t h  t h e  "Harmonic La t e"
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melody of  F i g u r e  5 .  He r e ,  t he  n o t e  i mmed i a t e l y  b e f o r e  t he  ma j o r  chord  

member i s  a l w a y s  t e m p o r a l l y  p r o l o n g e d .  By u s i n g  t he  b e a t  p e r i o d  

be t ween p r e c e d i n g  ma j o r  c ho r d  members ,  t he  f i n a l  t o n i c  o f  t h i s  melody 

i s  e x p e c t e d  t o  o c c u r  a f t e r  8 b e a t s .  S ince  t he  end a c t u a l l y  o c c u r s  

a f t e r  6 b e a t s ,  r e l a t i v e  d u r a t i o n  s h o u l d  be u n d e r e s t i m a t e d .

To summa r i ze ,  t h e  j u d g e d  d u r a t i o n  of  t h e s e  v a r i o u s  m e l o d i e s  i s  

p r e d i c t e d  r e l a t i v e  t o  a p e r c e i v e r ' s  e x p e c t a n c i e s .  I f  a p a t t e r n  ends  

e a r l i e r  t ha n  e x p e c t e d ,  i t  w i l l  be j udge d  s h o r t e r  and i t  i t  ends  l a t e r  

t ha n  e x p e c t e d ,  i t  w i l l  be j u d ge d  l o n g e r .  I f  t h e s e  p r e d i c t i o n s  a r e  

o b t a i n e d ,  t he n  r e s u l t s  w i l l  c onve r ge  on some work done by Povel  

( 1 9 8 4 ) .  He a s k e d  s u b j e c t s  t o  r a t e  p a t t e r n s ,  l i k e  t h o s e  l a b e l l e d  as  

Bea t  E a r l y  and Beat  La t e  in F i g u r e  5 ,  f o r  t h e i r  de g r e e  of  

" r h y t h m i c i t y “ -  t h a t  i s ,  how much t e n s i o n  does  t he  p a t t e r n  evoke .  

S u b j e c t s  c l a i m e d  t h a t  b o t h  s o r t s  of  m e l o d i e s  c r e a t e d  a h igh  deg r ee  of  

t e n s i o n  b ec a u s e  a c c e n t s  seemed i l l - t i m e d .  The p r e s e n t  e x pe r i m e n t  can 

s e r v e  t o  e x t e n d  t h e s e  f i n d i n g s  by d e m o n s t r a t i n g  t h a t  v i o l a t i o n s  of  

i n v a r i a n t  b e a t  p e r i o d s  may,  in a d d i t i o n ,  a f f e c t  oner’s  j u d g e d  d u r a t i o n .

The l a s t  two e x p e r i m e n t s  of  t h i s  d i s s e r t a t i o n  a r e  d e s i g n e d  t o  

t e s t  t h e s e  h y p o t h e s e s .  Expe r i men t  5a i s  a r a t i n g  s t u d y  t h a t  w i l l  

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

w i l l  t he n  be p a i r e d  f o r  p r e s e n t a t i o n  in a c o m p a r a t i v e  d u r a t i o n  t a sk  

( Ex p e r i me n t  5 b ) .
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E x p e r i m e n t  5a -  R a t i n g s

The p u r p o s e  o-f t h i s  i n i t i a l  r a t i n g  s t u d y  i s  two—f o l d ,  F i r s t  i t  

mus t  be d e m o n s t r a t e d  t h a t  l i s t e n e r s  a r e  in t a c t  s e n s i t i v e  t o  t h o s e  

c o n v e n t i o n s  m e n t i o n e d  e a r l i e r .  Do l i s t e n e r s  r e a l l y  e x p e c t  an 

i n v a r i a n t  b e a t  p e r i o d  beween a c c e n t s  and a r e  t h e s e  a c c e n t s  e x p e c t e d  t o  

be h a r m o n i c a l l y  r e l a t e d  t o  t h e  t o n i c ?  Second ,  a r e  t h e s e  two 

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

v i o l a t i o n  in t he  o t h e r ?  T h a t  i s ,  even t hough  t e mpor a l  a c c e n t s  may 

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

n e v e r t h e l e s s  seem i l l - t i m e d  b e c a u s e  t h e y  do n o t  c o - o c c u r  w i t h  m a j o r  

c h o r d  members?  I f  s o ,  t he n  t h e  v i o l a t i o n  o f  e i t h e r  c o n v e n t i o n  may 

g e n e r a t e  an e x p e c t e d  e n d i n g  f o r  a me l ody  t h a t  i s  e i t h e r  t o o  e a r l y  or  

t o o  l a t e .

To i n v e s t i g a t e  t h e s e  p o s s i b i l i t i e s ,  t h e  f i v e  t y p e s  of  m e l o d i e s  

shown in F i g u r e  5 were  p r e s e n t e d  f o r  two s o r t s  o f  r a t i n g s .  One 

i n v o l v e d  a d i m e n s i o n  of  " Ac cen t  T i m i n g " .  S u b j e c t s  were  a s ke d  w h e t h e r  

t he  t e mp o r a l  a c c e n t s  w i t h i n  a me lody  < i e .  p r o l o n g e d  n o t e s )  were  w e l l  

o r  i l l - t i m e d .  The s e c o n d  d i m e n s i o n  was  one o f  "Harmonic 

A p p r o p r i a t e n e s s " .  In  t h i s  c a s e ,  s u b j e c t s  were  a s k e d  w h e t h e r  t empora l  

a c c e n t s  c o r r e s p o n d e d  w i t h  n o t e s  t h a t  s p e c i f i e d  a m e l o d y ' s  k ey .

I t  was p r e d i c t e d  t h a t  t h e  t e mpor a l  a c c e n t s  w i t h i n  O r i g i n a l  

m e l o d i e s  would  seem b o t h  w e l l - t i m e d  and h a r m o n i c a l l y  a p p r o p r i a t e .

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

r e c u r  a f t e r  an i n v a r i a n t  b e a t  p e r i o d  and c o r r e s p o n d  w i t h  m a jo r  c h o r d  

members .  In c o n t r a s t ,  t he  a c c e n t s  w i t h i n  t h e  Bea t  E a r l y  and Bea t  La t e
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s h o u l d  seem i l l - t i m e d  b e c a u s e  t h e y  do no t  r e c u r  a - f t e r  an i n v a r i a n t  

b e a t  p e r i o d .  Even t hough  t empora l  a c c e n t s  c o r r e s p o n d  w i t h  ma j o r  c h o r d  

members ,  a c c e n t s  may be p e r c e i v e d  as  somewhat  h a r m o n i c a l l y  

i n a p p r o p r i a t e  i-f b o t h  c o n v e n t i o n s  a r e  i n t e r d e p e n d e n t .  L a s t l y ,  the  

t e mpor a l  a c c e n t s  o f  Harmonic E a r l y  and Harmonic L a t e  m e l o d i e s  r e c u r  

a f t e r  an i n v a r i a n t  b e a t  p e r i o d  b u t  a r e  no t  h a r m o n i c a l l y  r e l a t e d  t o  t he  

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

I f  b o t h  c o n v e n t i o n s  a r e  i n t e r d e p e n d e n t ,  t h e s e  t e mpora l  a c c e n t s  may 

a l s o  seem somewhat  i l l - t i m e d .  The d e t a i l s  of  t h i s  r a t i n g  t a s k  a r e  

p r e s e n t e d  n e x t .

Method

Des ign  and S u b j e c t s

The d e s i g n  was a 5 x 3 x 2 mi xed  f a c t o r i a l .  F i ve  l e v e l s  of  

a c c e n t  t y p e  ( O r i g i n a l ;  Harmonic E a r l y ;  Harmonic L a t e ;  Bea t  E a r l y ;  Bea t  

L a t e )  were  c r o s s e d  w i t h  t h r e e  s o n g s .  Two l e v e l s  of  c o u n t e r b a l a n c e  

o r d e r  ( I ,  I I )  was  t h e  s i n g l e  be t ween  s u b j e c t s  f a c t o r .

E i g h t e e n  s u b j e c t s  were  r e c r u i t e d  f rom e n r o l l m e n t s  of  I n t r o d u c t o r y  

P s y c h o l o g y  in r e t u r n  f o r  c o u r s e  c r e d i t .  Al l  had  a t  l e a s t  4 y e a r s  of  

m u s i c a l  e x p e r i e n c e  w i t h i n  t h e  p a s t  16 y e a r s  and were  p r o f i c i e n t  in 

harmony d i s c r i m i n a t i o n .  Nine s u b j e c t s  were  a s s i g n e d  t o  each  

c o u n t e r b a l a n c e  o r d e r .

S t  i mulus  Ma t e r  i a l s

T h r e e  e x c e r p t s  o f  a c t u a l  s o n g s ,  shown in F i g u r e  7 ,  were  s e l e c t e d  

f rom a m u s i c a l  c o m p o s i t i o n  book.  Each e x c e r p t  r e p r e s e n t e d  t he  s e c o n d  

h a l f  o f  i t s  o r i g i n a l  v e r s i o n  and was m o d i f i e d
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such  t h a t  t h e  f i r s t  and l a s t  n o t e  was a l ways  t h e  t o n i c .  The t i t l e s  of  

t h e s e  o r i g i n a l  c o m p o s i t i o n s  were  "1 D o n ' t  Want t o  P l a y  in Your Y a r d " ;  

"Music in t h e  A i r " ;  and " S o f t l y  Now t h e  L i g h t  o f  Day".

These  m e l o d i e s  r e p r e s e n t  a d i v e r s e  r a n ge  of  mus i c  in t h a t  t h e y  

d i f f e r  in a)  t o t a l  number  o f  n o t e s  ( r a n g e  = 34 t o  3 7 ) ;  b)  m e t e r  <2 / 4 ,  

3 / 4 ) ;  and c )  m u s i c a l  key (6  or  F m a j o r ) .  However ,  a l l  m e l o d i e s  

c o n t a i n e d  an i n v a r i a n t  number o f  b e a t s  be tween a c c e n t s  ( i e .  8 b e a t s ) ;  

a c c e n t s  t h a t  we re  members  of  t h e  m e l o d y ' s  m a j o r  c h o r d  < i e .  d o mi n a n t ,  

m a j o r  t h i r d ,  t o n i c ) ;  and t h e  same t o t a l  d u r a t i o n  <10 . 3  s e c o n d s ) .  In 

a d d i t i o n ,  a l l  m e l o d i e s  began and ended  on t he  t o n i c  and t h e  d u r a t i o n  

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

The r h y t h m i c  s t r u c t u r e  of  each  o r i g i n a l  me lody was  t he n  v a r i e d  in 

f o u r  d i f f e r e n t  ways .  M e l o d i e s  in t he  f i r s t  two c o n d i t i o n s  a l ways  

a c c e n t e d  ( i e .  t e m p o r a l l y  p r o l o n g e d )  t h e  o r i g i n a l  m a jo r  c h o r d  members  

b u t  v a r i e d  t h e  m e t e r  or  number  o f  b e a t s  be t ween  a c c e n t  p e r i o d s .  In 

t h e  Bea t  E a r l y  c o n d i t i o n ,  t he  m e t e r  of  t h e  f i r s t  two a c c e n t s  p e r i o d s  

was  a l wa y s  i d e n t i c a l  t o  t h a t  o f  t h e  o r i g i n a l  me lody < i e .  8 b e a t s ) .  

However t h e  m e t e r  o f  t h e  t h i r d  and f o u r t h  p e r i o d s  was a l t e r e d  such 

t h a t  t h e  number o f  b e a t s ,  r e s p e c t i v e l y ,  were  6 and 10.  C o n v e r s e l y ,  t he  

m e t e r  of  t h e  t h i r d  and f o u r t h  a c c e n t  p e r i o d s  was  a d j u s t e d  in t h e  Bea t  

La t e  c o n d i t i o n  t o  c o n t a i n  10 and  6 b e a t s  r e s p e c t i v e l y .  A g a i n ,  t he  

f i r s t  and s e c o n d  a c c e n t  p e r i o d s  a l wa y s  c o n t a i n e d  the  same number of  

b e a t s  ( i e .  8)  a s  t h e  o r i g i n a l  m e l o d y .

The t e mpor a l  a c c e n t s  w i t h i n  t h e  two r e m a i n i n g  c o n d i t i o n s  a l ways  

r e c u r r e d  a f t e r  an i n v a r i a n t  b e a t  p e r i o d  b u t  d i d  n o t  c o r r e s p o n d  w i t h
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ma j o r  c h o r d  members .  In t he  Harmonic E a r l y  c o n d i t i o n ,  t he  l o c a t i o n  of  

each t empora l  a c c e n t  ( e x c e p t  -for t he  - f inal  t o n i c )  was a l wa y s  d i s p l a c e d  

one n o t e  t o  t he  r i g h t  o-f i t s  o r i g i n a l  p o s i t i o n .  Thus ,  t empora l

a c c e n t s  now o c c u r  on t he  n o t e  -fol 1 owino t he  ma j o r  c h o r d  members .  In

c o n t r a s t ,  t he  t empora l  a c c e n t s  o-f m e l o d i e s  c o m p r i s i n g  the  Harmon i c 

La t e  c o n d i t i o n  were  d i s p l a c e d  one n o t e  t o  the  l e-f t  o-f i t s  o r i g i n a l  

p o s i t i o n .  Thes e  t empora l  a c c e n t s  now occur  on t h o s e  n o t e s  p r e c e d i n o  

t he  ma j o r  c h o r d  members .  In bo t h  c o n d i t i o n s ,  t he  m e t e r  o-f each

measure  a s  a d j u s t e d  t o  m a i n t a i n  an i n v a r i a n t  number o-f 8 b e a t s  between 

a l l  t empora l  a c c e n t s .

In a l l  -four c o n d i t i o n s ,  t he  p a t t e r n ' s  t o t a l  d u r a t i o n  was a l ways  

h e l d  c o n s t a n t  and was i d e n t i c a l  t o  t h a t  of  t he  o r i g i n a l  me lody .  In 

a d d i t i o n ,  t he  t o t a l  number of  b e a t s  f o r  a l l  m e l o d i e s  was never  

a l t e r e d ,  nor  was t he  d u r a t i o n  of  t he  f i r s t  and f i n a l  t o n i c .

By f a c t o r i a l l y  combi n i ng  t he  t h r e e  songs  w i t h  t h e i r  f i v e  r h y t h m i c  

c o n d i t i o n s ,  f i f t e e n  e x p e r i m e n t a l  p a t t e r n s  were o b t a i n e d .  T r i a l s  were 

r an d o mi ze d  i n t o  t h r e e  b l o c k s  of  f i f t e e n ,  r e s u l t i n g  in t h r e e  

p r e s e n t a t i o n s  o f  each melody f o r  a g i ve n  s u b j e c t .

A p p a r a t u s

Same a s  a l l  o t h e r  e x p e r i m e n t s .

P ro ce d u re

Be f o r e  t he  a c t u a l  p r e s e n t a t i o n  of  e x p e r i m e n t a l  t r i a l s ,  a l l  

s u b j e c t s  were g i v e n  a p r e - t e s t  t o  d e t e r m i n e  w h e t h e r  t h e y  c o u l d  

d i s c r i m i n a t e  among d i f f e r e n t  harmoni c  r e l a t i o n s h i p s .  T h i s  p r e - t e s t  

was d e v i s e d  f rom one d e v e l o p ed  by B u t l e r  & Brown (1984)  and i s



222

d e s c r i b e d  as  -Fol lows:

P r e - T e s t

Seven di-f-Ferent  m e l o d i e s ,  shown in F i g u r e  8 ,  were  s e l e c t e d  -From a 

m u s i c a l  c o m p o s i t i o n  book.  Each c o n t a i n e d  a d i f f e r e n t  u n d e r l y i n g  key 

and a p a t t e r n  o f  t empora l  a c c e n t s  which r e i n f o r c e d  t h a t  m e l o d y ' s  ma jo r  

c h o r d  members .  Al l  m e l o d i e s  d i f f e r e d  in t o t a l  d u r a t i o n  and t o t a l  

number of  n o t e s  bu t  each ended on a p r o l o n g e d  t o n i c .

These  s even  m e l o d i e s  were  t hen  computer  g e n e r a t e d  and r e c o r d e d  

such  t h a t  on each  t r i a l ,  t he  f o l l o w i n g  s equence  of  e v e n t s  o c c u r r e d :  A

h i gh  p i t c h e d  w a r n i n g  t one  (5000 hz)  p r e c e d e d  each melody by two 

s e c o n d s .  The melody was t h e n  p l a y e d  and two s e co nd s  l a t e r ,  f o l l o w e d  

by a s i n g l e  t o n e .  T h i s  s i n g l e  t one  was e i t h e r  a member of  t h a t  

m e l o d y ' s  m a j o r  c h o r d  or  was a n o t e  t h a t  d i d  no t  b e l o n g  t o  t he  m e l o d y ' s  

u n d e r l y i n g  s c a l e .  The s u b j e c t ' s  t a s k  on each t r i a l  was t o  d e c i d e  

w h e t h e r  the  s i n g l e  t one  b e l o n g ed  t o  t he  m e l o d y ' s  key (YES) o r  wh e t h e r  

i t  d i d  n o t  (NO).  Those  s u b j e c t s  who were c o r r e c t  on a t  l e a s t  5 of  t he  

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

A l t h o u g h  a l l  s u b j e c t s  who p e r f o r me d  t h i s  p r e t e s t  were  a c t u a l l y  a l l owed  

t o  p a r t i c i p a t e  in t he  n e x t  e x p e r i m e n t ,  t he  d a t a  of  t h o s e  who f a i l e d  

were  d i s c a r d e d .  (Comparable  t o  B u t l e r  fit Brown ' s  (1984)  r e s u l t s ,  

a p p r o x i m a t e l y  50V. of  a l l  s u b j e c t s  f a i l e d  the  p r e t e s t ) .

R a t i n o  Study

Of t he  e i g h t e e n  s u b j e c t s  who p a s s e d  the  p r e t e s t ,  n i n e  were 

r andoml y a s s i g n e d  t o  one o f  two c o u n t e r b a l a n c e  o r d e r s .  Recorded  

i n s t r u c t i o n s  r e l a t e d  t a s k  r e q u i r e m e n t s  and p a t t e r n  p r e s e n t a t i o n
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d e t a i l s .  On e ac h  t r i a l ,  a one s ec o n d  w a r n i n g  t on e  <5000 hz)  p r e c e d e d  

a me lody  by two s e c o n d s .  Two s e c o n d s  l a t e r  t h i s  same melody was 

p r e s e n t e d  a s e c o n d  t i m e .  D u r i n g  a 7 s e c o n d  r e s p o n s e  p e r i o d ,  s u b j e c t s  

we re  t h e n  a s k e d  t o  r a t e  t he  me lody  on two p e r c e p t u a l  d i m e n s i o n s .  For 

a d i me n s i o n  o-f A c c e n t  T i m i n g ,  s u b j e c t s  d e c i d e d  w h e t h e r  a m e l o d y ' s  

t e mpor a l  a c c e n t s  seemed w e l l - t i m e d ,  o c c u r r i n g  when e x p e c t e d ,  or  

w h e t h e r  t h e y  seemed i l l - t i m e d  -  o c c u r r i n g  e a r l i e r  or  l a t e r  than  

e x p e c t e d .  R e s po n s e s  were  i n d i c a t e d  on a 10 p o i n t  s c a l e  where  v a l u e s  o-f 

1 , 2 and 3 i n d i c a t e d  t h a t  t e mpor a l  a c c e n t s  seemed w e l l - t i m e d  and 

v a l u e s  o-f 8 ,  9 o r  10 i n d i c a t e d  t h a t  a c c e n t s  seemed i l l - t i m e d .

S u b j e c t s  a l s o  r a t e d  each  me lody  on a d i m e n s io n  o-f Harmonic 

A p p r o p r i a t e n e s s .  Here t h e y  had t o  d e c i d e  w h e t h e r  a  m e l o d y ' s  t empora l  

a c c e n t s  seemed a p p r o p r i a t e  t o  t h e  m e l o d y ' s  key -  t h a t  i s ,  a r e  t h e y  t he  

n o t e s  t h a t  a r e  e x p e c t e d  t o  be a c c e n t e d  and do t h e y  h e l p  one t o  

i d e n t i f y  t h e  m e l o d y ' s  k e y .  A 10 p t .  s c a l e  was  a g a i n  p r o v i d e d  where 

s u b j e c t s  c i r c l e d  a  1,  2 or  3 i f  a c c e n t s  seemed h a r m o n i c a l l y  

a p p r o p r i a t e  and a 8 ,  9 o r  10 i f  t h e y  seemed h a r m o n i c a l l y  

i n a p p r o p r i a t e .  For  b o t h  r a t i n g s ,  s u b j e c t s  were  e n c o u r a g e d  t o  use  the  

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

Each s u b j e c t s  r e c e i v e d  3 b l o c k s  of  f i f t e e n  t r i a l s ,  a  b r i e f  r e s t  

<2 m i n u t e s )  b e i n g  p r o v i d e d  a f t e r  each  b l o c k .  An e n t i r e  e x p e r i m e n t a l  

s e s s i o n  was  a p p r o x i m a t e l y  45 m i n s .  in d u r a t i o n .

R e s u l t s

Each p e r c e p t u a l  d i me n s io n  was  a n a l y z e d  s e p a r a t e l y  and so  t he  

r e s u l t s  o f  each  w i l l  be p r e s e n t e d  in t u r n .
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Ac c e n t  T i mi ng

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

e x p e r i m e n t  d i d  d i f f e r  on t h e  d i m e n s i o n  o-f a c c e n t  t i m i n g .  T a b l e  22 

d e p i c t s  t h e  mean a c c e n t  t i m i n g  r a t i n g  a s  a - func t i on  o-f t he  -five 

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

w e l l - t i m e d  and o c c u r r e d  when t h e y  were  e x p e c t e d .  Higher  v a l u e s  

i n d i c a t e  t h a t  a c c e n t s  seemed i l l - t i m e d  and o c c u r r e d  e i t h e r  t o o  l a t e  or  

t o o  e a r l y .  Means a r e  c o l l a p s e d  o ve r  song  and c o u n t e r b a l a n c e  o r d e r  

<F/ s < 1 ) .

S in ce  m e l o d i e s  w i t h i n  t h e  O r i g i n a l ,  Harmonic E a r l y ,  and Harmonic 

La t e  c o n d i t i o n s  a l l  m a i n t a i n  an i n v a r i a n t  b e a t  p e r i o d  between a c c e n t s ,  

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

C o n v e r s e l y ,  m e l o d i e s  w i t h i n  t h e  Bea t  E a r l y  and  Bea t  La t e  c o n d i t i o n s  

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

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

two c o n v e n t i o n s  o-f i n t e r e s t  a r e  i n t e r d e p e n d e n t . I-f s o ,  t he n  the  

Harmonic E a r l y  and L a t e  m e l o d i e s  a r e  p r e d i c t e d  t o  seem somewhat  

i 11 - t  imed.

T h e s e  p r e d i c t i o n s  a r e  in -fact  s u p p o r t e d  by a s i g n i f i c a n t  main 

e f f e c t  f o r  r h y t h m i c  c o n d i t i o n  <F4,  <54 = 2 9 . 3 3 ,  p < . 0001 ,  MSe = 1 . 1 3 ) .  

B o n f e r r o n i  p o s t  hoc c o m p a r i s o n s  c o n f i r m  t h a t  a c c e n t s  w i t h i n  t h e  Beat  

E a r l y  and Bea t  L a t e  c o n d i t i o n s  a r e  r a t e d  a s  s i g n i f i c a n t l y  more 

i l l - t i m e d  tha n  t h o s e  of  t h e  r e m a i n i n g  c o n d i t i o n s  ( a l l  B o n f e r r o n i s  

s i g n i f i c a n t  a t  . 0 1 ) .  A c c e n t s  w i t h i n  t h e  o r i g i n a l  m e l o d i e s  a r e  

c o n s i d e r e d  t o  be t h e  mos t  w e l l - t i m e d  and s i g n i f i c a n t l y  more s o  t ha n
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TABLE 22

MEAN RATINGS OF “ACCENT TIMING" FOR THE RHYTHMIC 
CONDITIONS OF EXPERIMENT 5A. SMALLER VALUES INDICATE THAT 

TEMPORAL ACCENTS SEEM VERY WELL-TIMED.

BEAT BEAT HARMONIC HARMONIC
ORIGINAL EARLY LATE EARLY LATE

3. 10 6 . 2 2
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m e l o d i e s  w i t h i n  t h e  Harmonic E a r l y  <F2,  64 = 5 . 0 ,  p < . 0 1 )  and Harmonic 

L a t e  c o n d i t i o n s  <F2,  5 4 =  4 . 1 7 ,  p < . 0 1 ) .

Th e s e  l a t t e r  - f i n d i n g s  do i n d i c a t e  an i n t e r d e p e n d e n c e  be t ween t he  

two c o n v e n t i o n s .  When t e mpor a l  a c c e n t s  a r e  a n i s o c h r o n o u s  or  -fai l  t o  

c o r r e s p o n d  w i t h  m a j o r  c h o r d  members ,  t h e s e  a c c e n t s  a p p e a r  t o  un-fold 

e a r l i e r  o r  l a t e r  t ha n  e x p e c t e d .  In sum,  t he  r h y t h m i c  m a n i p u l a t i o n s  o-f 

t h i s  e x p e r i m e n t  s u c c e s s f u l  1y d i f f e r e n t i a t e  among v a r y i n g  d e g r e e s  of  

a c c e n t  t i m i n g .

Harmonic  A p p r o p r i a t e n e s s

R e s u l t s  a l s o  show t h a t  t h e  ha r moni c  a p p r o p r i a t e n e s s  of  t empora l  

a c c e n t s  d i f f e r s  a s  a f u n c t i o n  o f  r h y t h m i c  s t r u c t u r e .  T a b l e  23 

d i s p l a y s  t h e  mean ha r moni c  a p p r o p r i a t e n e s s  r a t i n g  f o r  each  r h y t h m i c  

c o n d i t i o n .  Lower v a l u e s  i n d i c a t e  t h a t  a m e l o d y ' s  a c c e n t s  seemed 

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

t h a t  a c c e n t s  seemed h a r m o n i c a l l y  i n a p p r o p r i a t e  and  were  n o t  t he  n o t e s  

t h a t  were  e x p e c t e d  t o  be t e m p o r a l l y  p r o l o n g e d .  A g a i n ,  means  a r e  

c o l l a p s e d  o ve r  so n g  and  c o u n t e r b a l a n c e  o r d e r .

M e l o d i e s  w i t h i n  t h e  Harmonic E a r l y  and L a t e  c o n d i t i o n s  s h o u l d  be 

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

a c c e n t s  do n o t  c o - o c c u r  w i t h  m a j o r  c h o r d  members .  Even though  t h i s  

c o - o c c u r r e n c e  d o e s  e x i s t  w i t h i n  Bea t  E a r l y  and L a t e  m e l o d i e s ,  t h e s e  

t e mp o r a l  a c c e n t s  s h o u l d  seem somewhat  i n a p p r o p r i a t e  -  a s s umi ng  an 

i n t e r d e p e n d e n c y  be t ween  the  two c o n v e n t i o n s .  Temporal  a c c e n t s  s h o u l d  

seem t h e  mos t  h a r m o n i c a l l y  a p p r o p r i a t e  w i t h i n  O r i g i n a l  m e l o d i e s .
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TABLE 23 VJ'

MEAN RATINGS OF "HARMONIC APPROPRIATENESS" FOR THE RHYTHMIC 
CONDITIONS OF EXPERIMENT 5A. SMALLER VALUES INDICATE THAT

ACCENTS SEEM VERY APPROPRIATE TO THE MELODY'S KEY.

I N 

BEAT BEAT HARMONIC HARMONIC
ORIGINAL EARLY LATE EARLY LATE

3 . 0 9 4 . 0 9 4 . 0 2 6 . 0 2 6 . 3 8
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Thes e  p r e d i c t i o n s  a r e  s u p p o r t e d  by a main e f f e c t  f o r  r h y t h m i c  

c o n d i t i o n  ( F 4 ,  64 = 3 4 . 3 7 ,  p < . 0 0 0 1 ,  MSe = 1 . 0 4 8 ) .  As t h e  means  of  

T a b l e  23 i l l u s t r a t e ,  m e l o d i e s  in t he  Harmonic E a r l y  and Harmonic La t e  

c o n d i t i o n s  w e r e ,  in f a c t ,  j u d g e d  a s  t he  mos t  h a r m o n i c a l l y  

i n a p p r o p r i a t e .  A l t h ou gh  t h e r e  was no d i f f e r e n c e  be t ween t h e s e  two 

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

c o n d i t i o n s  ( a l l  B o n f e r r o n i s  s i g n i f i c a n t  a t  .01 l e v e l ) .  The a c c e n t s  of  

t h e  O r i g i n a l  m e l o d i e s  were  c o n s i d e r e d  t o  be t h e  mos t  h a r m o n i c a l l y  

a p p r o p r i a t e  and s i g n i f i c a n t l y  more a p p r o p r i a t e  t h a n  t h o s e  w i t h i n  t he  

Bea t  E a r l y  ( F 2 , 6 4  = 2 . 9 4 ,  p < . 0 1 )  and Bea t  La t e  c o n d i t i o n s  <F2, 64 = 

2 . 7 4 ,  p < . 0 5 ) .  In sum,  v i o l a t i o n s  o f  r h y t h m i c  s t r u c t u r e  a f f e c t  the  

ha r moni c  a p p r o p r i a t e n e s s  o f  t e mpor a l  a c c e n t s .

Pi s c u s s  i on

The r e s u l t s  of  t h i s  e x p e r i m e n t  i n d i c a t e  t h a t  s u b j e c t s  a r e  

s e n s i t i v e  t o  t h o s e  c o n v e n t i o n s  c o n c e r n i n g  t he  u s ag e  of  t empora l  

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

t o  be t e m p o r a l l y  a c c e n t e d  and ,  in a d d i t i o n ,  t h e s e  a c c e n t s  a r e  e x p e c t e d  

t o  r e c u r  a f t e r  an i n v a r i a n t  number of  b e a t s .  When each  c o n v e n t i o n  i s  

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

(Harmonic  E a r l y  and L a t e  c o n d i t i o n s )  and i l l - t i m e d  ( Be a t  E a r l y  and 

La t e  condi  t  i o n s ) .

R e s u l t s  a l s o  r e v e a l  t h a t  b o t h  c o n v e n t i o n s  a r e  i n h e r e n t l y  

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

v i o l a t i o n  in t h e  o t h e r .  For  e x a m p l e ,  t e mpor a l  a c c e n t s  t h a t  were 

i l l - t i m e d  ( Be a t  E a r l y  and L a t e )  were  a l s o  c o n s i d e r e d  somewhat
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h a r m o n i c a l l y  i n a p p r o p r i a t e .  A l t h ou gh  t h e  a c c e n t s  o-f t h e s e  m e l o d i e s  

d i d  o c c u r  on m a j o r  c h o r d  members ,  a s  in t h e  O r i g i n a l  m e l o d i e s ,  t h e i r  

v a r y i n g  b e a t  p e r i o d  a p p a r e n t l y  a-f-fected t h e i r  ha r mon i c  s a l i e n c e .  

S i m i l a r l y ,  t e mpor a l  a c c e n t s  were  p e r c e i v e d  a s  somewhat  i l l - t i m e d  when 

t h e y  - f a i l e d  t o  c o i n c i d e  w i t h  m a j o r  c h o r d  members  (Harmonic  E a r l y  and 

L a t e ) .  Thes e  a c c e n t s  a c t u a l l y  u n f o l d e d  w i t h  an i n v a r i a n t  b e a t  p e r i o d  

b u t  seemed t o  o c c u r  r e l a t i v e l y  e a r l i e r  o r  l a t e r  t h a n  e x p e c t e d .  These  

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

s e r v e s  t o  g e n e r a t e  e x p e c t a n c i e s  a bou t  t h e  m e l o d y ' s  f u t u r e  c o u r s e .

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

a n t i c i p a t e  t h e  what  and when o f  f u t u r e  a c c e n t s .

In sum,  t h i s  i n i t i a l  r a t i n g  s t u d y  h a s  p r o v i d e d  a  s e t  of  

e x p e r i m e n t a l  p a t t e r n s  t h a t  v a r y  in t h e i r  p r e d i c t a b i l i t y  of  

a c c e n t - t i m i n g .  The n e x t  e x p e r i m e n t  i n v e s t i g a t e s  how j u d g e d  d u r a t i o n  

may be s y s t e m a t i c a l l y  a f f e c t e d  by t h e s e  v i o l a t e d  e x p e c t a n c i e s ,

Ex p e r i m e n t  5b

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

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

h y p o t h e s i s  r e s t s  on t h e  a s s u m p t i o n  t h a t  t h e  t empora l  a c c e n t u a t i o n  of  

m a j o r  c h o r d  members  p r e p a r e s  a l i s t e n e r  f o r  a m e l o d y ' s  c o m p l e t i o n .

T h a t  i s ,  l i s t e n e r s  can p r e s u m a b l y  a n t i c i p a t e  when upcoming a c c e n t s ,  

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

p e r i o d  be t wee n  a c c e n t s .  Second ,  t h e y  a r e  a b l e  t o  a n t i c i p a t e  t he  

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

m a j o r  c h o r d  members .  Assuming t h a t  rhy thm r e a l l y  does  g e n e r a t e  t h e s e
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e x p e c t a n c i e s ,  t h e n  v i o l a t i o n s  o-f t empora l  a c c e n t s  s h o u l d  

c o r r e s p o n d i n g l y  v i o l a t e  t he  e x p e c t e d  e n d i n g  -for a me l ody .  The r e s u l t s  

o-f t h e  p r e v i o u s  r a t i n g  s t u d y  in -fact  imply t h i s  p o s s i b i l i t y .  S u b j e c t s  

p e r c e i v e d  t e mpor a l  a c c e n t s  a s  b e i n g  i l l - t i m e d ,  o c c u r r i n g  e a r l i e r  or  

l a t e r  t h a n  e x p e c t e d ,  when a c c e n t s  were  a n i s o c h r o n o u s  and d i d  no t  

c o i n c i d e  w i t h  m a j o r  c h o r d  members .  S i n c e  - fu ture  a c c e n t s  i n c l u d e  t he  

■final p r o l o n g e d  t o n i c ,  s u b j e c t s  may a l s o  be a n t i c i p a t i n g  t h e  m e l o d y ' s  

c o m p l e t i o n  be-fore o r  a - f t e r  i t  a c t u a l l y  o c c u r s .  A c c o r d i n g  t o  t he  

E x p e c t a n c y  Mode l ,  t h i s  s h o u l d  y i e l d  under  and o v e r e s t i m a t i o n s  o-f 

j u d g e d  d u r a t i o n .

To e x p e r i m e n t a l l y  a s s e s s  t h i s  p o s s i b l i t y ,  t h e  m e l o d i e s  w i t h i n  t he  

■five r h y t h m i c  c o n d i t i o n s  of  E x p e r i me n t  5a were  f a c t o r i a l l y  p a i r e d  in a 

c o m p a r a t i v e  j u dgmen t  t a s k .  R e l a t i v e  t o  an O r i g i n a l  me lody which 

c o n f i r m s  b o t h  c o n v e n t i o n s ,  t h e  E x p e c t a n c y  Model p r e d i c t s  t h a t  m e l o d i e s  

which  v i o l a t e  t h e s e  e x p e c t a n c i e s  w i l l  d i s p l a y  the  r e s u l t s  shown in 

T a b l e  2 4 .  M e l o d i e s  t h a t  a r e  assumed t o  end t o o  e a r l y  ( i e .  Bea t  La t e  

and Harmonic L a t e )  a r e  p r e d i c t e d  t o  y i e l d  u n d e r e s t i m a t i o n s  o f  d u r a t i o n  

w h i l e  t h o s e  e n d i n g  t o o  l a t e  ( i e .  Bea t  E a r l y  and Harmonic E a r l y )  s h o u l d  

p r o d u c e  o v e r e s t i m a t i o n s .  T h i s  same p a t t e r n  o f  r e s u l t s  s h o u l d  be 

o b s e r v e d  wheneve r  Harmonic E a r l y  and La t e  m e l o d i e s  a r e  p a i r e d  w i t h  one 

a n o t h e r  and wheneve r  a  Bea t  E a r l y  me lody  i s  p a i r e d  w i t h  a Bea t  La t e  

m e l o d y .

T a b l e  24 a l s o  d e p i c t s  t h e  p r e d i c t e d  j u d g e d  d u r a t i o n  of  p a i r s  

d i f f e r i n o  in t h e i r  v i o l a t e d  c o n v e n t i o n .  For  ex a mp l e ,  Harmonic E a r l y  

and Bea t  E a r l y  m e l o d i e s  a r e  t e n t a t i v e l y  p r e d i c t e d  t o  be j u d g e d  a s  the
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TABLE 24

EXPERIMENTAL DESIGN OF EXPERIMENT 5 .  THE PREDICTIONS OF 
THE EXPECTANCY <EM> AND CONTEXTUAL CHANGE <CC) MODELS 
ARE CONTRASTED FOR EACH CONDITION <UHERE 1 AND 2 REFER 
TO THE FIRST AND SECOND PATTERN OF A PAIR.

SECOND PATTERN

ORIGINAL
BEAT
EARLY

BEAT
LATE

HARMONIC
EARLY

HARMONIC
LATE

EM 2=1 2>1 2<1 2)  1 2<1
ORIGINAL

CC 2=1 2)1 2>1 2)  1 2>1

F BEAT EM 2<1 2=1 2<1 2=1 2<1
I EARLY
R CC 2<1 2=1 2=1 2=1 2=1
S
T

BEAT EM 2>1 2>1 2=1 2>1 2=1
P LATE
A CC 2<1 2=1 2=1 2=1 2=1
T
T
E HARMONIC EM 2<1 2=1 2<1 2=1 2<1
R EARLY
N CC 2<1 2=1 2=1 2=1 2=1

HARMONIC EM 2>1 2>1 2=1 2>1 2=1
LATE

CC 2<1 2=1 2=1 2=1 2=1
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same d u r a t i o n .  I t  may be t he  c a s e ,  however ,  t h a t  one w i l l  be ove r  or  

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

s t r o n g e r  e x p e c t a n c i e s  a b o u t  t he  me l o d y / s  end .  R e g a r d l e s s ,  whenever  a 

Harmonic E a r l y  and Bea t  La t e  p a i r i n g  i s  p r e s e n t e d ,  t he  l a t t e r  s h o u l d  

be j u d g e d  s h o r t e r  than  t h e  f i r s t .

By r e f e r r i n g  t o  T a b l e  24 ,  n o t i c e  t h a t  p r e d i c t i o n s  o f  the 

E x pe c t a n c y  Model c o n t r a s t  w i t h  t h o s e  of  i n f o r m a t i o n - p r o c e s s i n g  mo d e l s .  

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

g e n e r a t e  e x p e c t a n i c e s  a b o u t  t he  m e l o d y ' s  f u t u r e  c o u r s e .  I n s t e a d ,  t h e y  

assume t h a t  t empora l  a c c e n t s  a f f e c t  code c o m p l e x i t y  and t he  amount of  

i n f o r m a t i o n - p r o c e s s i n g  a c t i v i t y .  Both t he  S t o r a g e  S i z e  ( O r n s t e i n  

196?)  and a t t e n t i o n a l  e f f o r t  mode l s  (Underwood & Swain 1973;  Thomas it 

Weaver 1975) assume t h a t  t empora l  a c c e n t s  segment  a melody i n t o  a 

d i s c r e t e  s e r i e s  of  c h un k s .  S i n ce  t h e s e  chunks  mus t  be c o g n i t i v e l y  

c o n c a t e n a t e d ,  a g r e a t e r  number of  chunks  w i l l  i n c r e a s e  code c o m p l e x i t y  

and j u d g e d  d u r a t i o n .  Thus  t he  m e l o d i e s  of  t h e  p r e s e n t  e x p e r i me n t  

s h o u l d  a l l  seem t o  have t he  same d u r a t i o n .  These  m e l o d i e s  c o n t a i n  t he  

same number o f  c o g n i t i v e  chunks  and s h o u l d  be e q u a l l y  complex .  B l o c k ' s  

(1978)  mode l ,  on t he  o t h e r  ha n d ,  g e n e r a t e s  a d i f f e r e n t  s e t  of  

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

d e t e r m i n e d  by t he  r e l a t i v e  number of  change s  w i t h i n  e v e n t s .  S ince  

v i o l a t i o n s  of  m u s i c a l  c o n v e n t i o n  w i l l  p r e s u ma b l y  c r e a t e  c o g n i t i v e  

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

l o n g e r  t ha n  an O r i g i n a l  melody which c o n f i r m s  mus i c a l  c o n v e n t i o n .  

F u r t h e r ,  no d i f f e r e n c e  in j u d g e d  d u r a t i o n  s h o u l d  be o b t a i n e d  when the
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•four t y p e s  o-f r h y t h m i c  v i o l a t i o n  a r e  p a i r e d  wih one a n o t h e r .  B l o c k ' s  

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

c o n d i t i o n s  s h o u l d  be e q u a l l y  complex .

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

e x p e r i m e n t  was c o n d u c t e d .

Method

Des ign  and S u b j e c t s

The d e s i g n  was  a 5 x 5 x 3 x 2  mi xed  f a c t o r i a l .  T h re e  s o n g s  were  

c r o s s e d  w i t h  f i v e  l e v e l s  of  rhy thm ( O r i g i n a l ;  Harmonic E a r l y ;  Harmonic 

L a t e ;  Bea t  E a r l y ;  Bea t  L a t e )  f o r  an i n i t i a l  p a t t e r n  p a i r  member and 

w i t h  f i v e  l e v e l s  o f  r hy t hm f o r  a  s e co nd  p a t t e r n  p a i r  member.  

C o u n t e r b a l a n c e  o r d e r  ( 1 ,  11) was  t h e  s i n g l e  be t ween  s u b j e c t s  f a c t o r .

S i x t e e n  s u b j e c t s  were  r e c r u i t e d  f rom e n r o l l m e n t s  o f  I n t r o d u c t o r y  

P s y c h o l o g y .  Al l  we re  m u s i c a l l y  s o p h i s t i c a t e d  and had a t  l e a s t  4 y e a r s  

o f  e x p e r i e n c e  w i t h i n  t he  p a s t  6 y e a r s .  E i g h t  were  r andoml y  a s s i g n e d  

t o  each  c o u n t e r b a l a n c e  o r d e r .

S t  i mul us  Ma t e r  i a l s

For  each  song  shown in F i g u r e  7 ,  t he  f i v e  l e v e l s  of  rhy thm 

d e s c r i b e d  in E x p e r i me n t  4a ( i e .  O r i g i n a l ;  Harmonic E a r l y ;  Harmonic 

L a t e ;  Bea t  E a r l y ;  Bea t  L a t e )  were  f a c t o r i a l l y  p a i r e d  t o  o b t a i n  25 

t y p e s  o f  p a t t e r n  p a i r s .  By c ombi n i ng  t h e s e  25 r hy t hm p a i r s  w i t h  t he  

t h r e e  s on gs  and a r e p e a t e d  p r e s e n t a t i o n  f a c t o r ,  a  t o t a l  of  150 

e x p e r i m e n t a l  t r i a l s  were  o b t a i n e d .  P a t t e r n s  w i t h i n  a p a i r  a l ways  

c o n t a i n e d  the  same song and t o t a l  d u r a t i o n .  T r i a l s  were  r an d o mi ze d  and 

d i v i d e d  i n t o  2 b l o c k s  of  75 .
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A p p a r a t u s

Same a s  b e f o r e  .

P r o c e d u r e

The e x p e r i m e n t  s pa n n e d  o ve r  two d a y s ,  s u b j e c t s  r e c e i v i n g  75 

t r i a l s  pe r  d ay .  The 7 p t .  r a t i n g  s c a l e  of  E x p e r i me n t  F i v e  was  a g a i n  

u s e d  where  v a l u e s  >4 i n d i c a t e  " l o n g e r "  d u r a t i o n  j u d g m e n t s .

C o n v e r s e l y ,  v a l u e s  <4 i n d i c a t e  u n d e r e s t i m a t i o n s  o f  j u d g e d  d u r a t i o n .

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

c o m p a r a t i v e  j u dgmen t  t a s k s .

R e s u l t s

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

law-ful e-f- fects  upon d u r a t i o n  e s t i m a t e s .  T a b l e  25 p r e s e n t s  t h e  mean 

j u d g e d  d u r a t i o n  a s  a - func t i on  o f  t h e  r h y t h m i c  n a t u r e  o-f p a t t e r n  p a i r s .  

V a l u e s  equa l  t o  4 i n d i c a t e  t h e  same d u r a t i o n ;  v a l u e s  <4 i n d i c a t e  t h a t  

t he  s e c o n d  p a t t e r n  was j u d g e d  s h o r t e r  t ha n  the  - f i r s t  and ;  v a l u e s  >4 

i n d i c a t e  t h a t  t he  s e c o n d  p a t t e r n  was j u d g e d  l o n g e r .  Means of  t h i s  

t a b l e  a r e  c o l l a p s e d  o ve r  song  and c o u n t e r b a l a n c e  o r d e r  ( F ' s  <1) .

The t h r e e  h y p o t h e s e s  t h a t  a r e  e v a l u a t e d  h e r e  a l l  g e n e r a t e  a 

d i f f e r e n t  s e t  of  p r e d i c t i o n s .  As summar ized  in T a b l e  2 4 ,  t h e  S t o r a g e  

S i z e  ( O r n s t e i n  19<S9) and a t t e n t i o n a l  e f f o r t  mo d e l s  (Underwood fit Swain 

1973;  Thomas fit Weaver  1975)  p r e d i c t  no e f f e c t s  of  r h y t h m .  B l o c k ' s  

(1978)  model  p r e d i c t s  t h a t  m e l o d i e s  v i o l a t i n g  a c o n v e n t i o n  w i l l  a l ways  

be j u d g e d  l o n g e r  t h a n  one which  c o n f i r m s  b o t h  c o n v e n t i o n s .  In 

c o n t r a s t ,  t h e  E x p e c t a n c y  Model p r e d i c t s  t h a t  some v i o l a t i o n s ,  namely 

t h e  Be a t  and Harmonic E a r l y ,  w i l l  p r o d u c e  o v e r e s t i m a t i o n s  o f  d u r a t i o n
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TABLE 25

MEAN JUDGED DURATION FOR PATTERN PAIRS IN EXPERIMENT 5 
AS A FUNCTION OF RHYTHMIC STRUCTURE. A VALUE OF 4 
INDICATES EQUIVALENT DURATION; VALUES <4 INDICATE THE 
SECOND PATTERN WAS JUDGED SHORTER; VALUES >4 INDICATE 
THE SECOND PATTERN WAS JUDGED LONGER.

SECOND PATTERN

ORIGINAL
BEAT
EARLY

BEAT
LATE

HARMONIC
EARLY

HARMONIC
LATE

ORIGINAL 4 . 0 4 4 . 7 8 3 . 2 2 4.60 3.51

F BEAT
I EARLY 3 . 4 8 4 . 07 3 . 5 2 4 . 0 5 3 . 8 3
R
S
T

BEAT
P LATE 4.51 4 . 6 6 4 . 0 3 4 . 2 2 4 . 12
A
T
T
E HARMONIC
R EARLY 3. 50 4.51 3 . 5 9 3 . 9 9 3.61
N

HARMONIC
LATE

1

4 . 64 4 . 6 7 3 . 6 6 4 . 5 5 4 . 0 2
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w h i l e  o t h e r s ,  t h e  Bea t  and Harmonic L a t e ,  w i l l  p r o d u c e  

u n d e r e s t  i ma t i  o n s .

An o v e r a l l  a n a l y s i s  o-f v a r i a n c e  r e v e a l e d  t h a t  t h e  S t o r a g e  S i z e  

and a t t e n t i o n a l  e f f o r t  mo d e l s  were  n o t  s u p p o r t e d  by t h e  o b s e r v e d  s e t  

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

be t wee n  p a t t e r n  p a i r s  a s  a f u n c t i o n  of  rhy thm <F 16,  224 = 1 3 . 6 7 ,  

p < . 0 0 0 1 ,  MSe = . 0 8 8 ) .  These  two m o de l s  were  t h e r e f o r e  e l i m i n a t e d  f rom 

f u r t h e r  e v a l u a t i o n .  To d i s t i n g u i s h  among t h e  E x p e c t a n c y  and 

C o n t e x t u a l  Change Mode l s ,  a s e r i e s  of  B o n f e r r o n i  p o s t  hoc c o m p a r i s o n s  

was  c o n d u c t e d  t o  i s o l a t e  t h e  n a t u r e  of  t h e  i n t e r a c t i o n .  For  each s e t  

o f  c o u n t e r b a l a n c e d  p a t t e r n  p a i r s  <eg.  BE-0 v s .  0 - B E ) , d u r a t i o n  

e s t i m a t e s  were  f i r s t  s u b s t r a c t e d  f rom t h e  v a l u e  o f  4 . 0 0  <a "same" 

d u r a t i o n  j u d g m e n t ) .  Thes e  d i f f e r e n c e s  were  t he n  a v e r a g e d  t o  o b t a i n  a 

s c o r e  t h a t  r e f l e c t s  t h e  mean d e v i a t i o n  f rom a "same" j u d g m e n t .  Thes e  

v a l u e s  a r e  d e p i c t e d  in T a b l e  26 where  i t ' s  a l s o  i n d i c a t e d  wh i ch  me lody 

o f  a p a i r  was  o v e r  o r  u n d e r e s t i m a t e d  in d u r a t i o n .

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

O r i g i n a l  me lody  r e l a t i v e  t o  m e l o d i e s  c o n t a i n i n g  r h y t h m i c  v i o l a t i o n s .  

D i f f e r e n c e s  were  o b s e r v e d  and s u p p o r t e d  p r e d i c t i o n s  o f  t h e  Ex p e c t a n c y  

Mode l .  M e l o d i e s  t h a t  a r e  assumed t o  end  l a t e r  t ha n  e x p e c t e d  a r e  in

f a c t  o v e r e s t i m a t e d .  The Bea t  E a r l y  <F2,  224 = 6 . 1 9 ,  p < . 0 1 )  and

Harmonic E a r l y  m e l o d i e s  <F2,  224 -  5 . 2 4 ,  p < . 0 1 )  were  b o t h  j u d g e d  

l o n g e r  t h a n  o r i g i n a l  m e l o d i e s .  S i m i l a r l y ,  m e l o d i e s  t h a t  end e a r l i e r  

t ha n  e x p e c t e d  p r o d u c e d  u n d e r e s t i m a t i o n s  o f  d u r a t i o n .  Here t he  Bea t  

l a t e  <F2,  224 = 6 . 1 4 ,  p < . 01 )  and Harmonic La t e  (F2 ,  224 = 5 . 3 8 ,  p < . 01 )
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TABLE 26

THE MEAN DIFFERENCE FROM A JUDGMENT OF EQUIVALENT DURATION 
FOR PATTERN PAIRS IN EXPERIMENT 5 .

MEAN SECOND
PATTERN PAIR DIFFERENCE PATTERN WAS:

ORIG1NAL-BEAT EARLY 

ORIGINAL-BEAT LATE 

ORIGINAL-HARMONIC EARLY 

ORIGINAL-HARMONIC LATE 

BEAT EARLY-BEAT LATE 

HARMONIC EARLY-HARMONIC LATE 

HARMONIC LATE- BEAT EARLY 

HARMONIC EARLY-BEAT LATE 

HARMONIC EARLY-BEAT EARLY 

HARMONIC LATE-BEAT LATE

.65 p<.01 OVERESTIMATED

.65 p< .01 UNDERESTIMATED

.55 p<.01 OVERESTIMATED

.57 p<.01 UNDERESTIMATED

.50 p< .01 UNDERESTIMATED

.47 P<.01 UNDERESTIMATED

.42 P<.01 OVERESTIMATED

.32 p<.01 UNDERESTIMATED

.25 P< .05 OVERESTIMATED

.23 P< .05 UNDERESTIMATED
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m e l o d i e s  Mere b o t h  j u d g e d  s h o r t e r  t ha n  o r i g i n a l  m e l o d i e s .  Thus  in 

c o n t r a s t  t o  p r e d i c t i o n s  o-f t h e  C o g n i t i v e  Change Model ,  j u d g e d  d u r a t i o n  

i s  d e t e r m i n e d  by a m e l o d y ' s  e x p e c t e d  end and n o t  s i m p l y  by any change 

■from e s t a b l i s h e d  c o n v e n t i o n s .

The two m o d e l s  a l s o  g e n e r a t e  d i f f e r e n t  p r e d i c t i o n s  when p a t t e r n  

p a i r  members  b o t h  v i o l a t e  a r h y t h m i c  c o n v e n t i o n .  A c c o r d i n g  t o  t he  

C o g n i t i v e  Change Mode l ,  m e l o d i e s  w i t h i n  t h e  H a r m o n i c - B e a t , E a r l y - L a t e  

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

p r o d u c e  t h e  j udgmen t  o f  “same" d u r a t i o n .  The E x p e c t a n c y  Model ,  on the  

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

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

For  e x a m p l e ,  t h e  E x p e c t a n c y  Model p r e d i c t s  s i g n i f i c a n t  j u d g e d  

d u r a t i o n  d i f f e r e n c e s  t o  emerge wheneve r  m e l o d i e s  e n d i n g  e a r l i e r  than  

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

d i f f e r e n c e s  were  in f a c t  r e v e a l e d  by a n o t h e r  s e t  of  B o n f e r r o n i  p o s t  

hoc c o m p a r i s o n s .  M e l o d i e s  w i t h i n  t h e  Bea t  E a r l y  c o n d i t i o n  were  j u d g e d  

l o n g e r  t h a n  t h o s e  w i t h i n  t he  Bea t  L a t e  c o n d i t i o n  <F2,  224 = 4 . 7 1 ,  

p < . 0 1 ) .  S i m i l a r l y ,  Harmonic E a r l y  m e l o d i e s  were  j u d g e d  l o n g e r  t han  

Harmonic  L a t e  m e l o d i e s  <F2,  224 = 4 . 4 8 ,  p < . 0 1 ) .  I f  we now compare t he  

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

same p a t t e r n  o f  r e s u l t s  i s  o b t a i n e d .  For  e x a m p l e ,  Harmonic E a r l y  

m e l o d i e s  were  j u d g e d  l o n g e r  t ha n  Bea t  La t e  m e l o d i e s  ( F 2 , 2 2 4  = 3 . 0 0 ,  

p< . 01 )  and Bea t  E a r l y  m e l o d i e s  were  j u d g e d  l o n g e r  t h a n  Harmonic Late  

m e l o d i e s  (F2 ,  224 = 4 . 0 0 ,  p < . 0 1 ) .  A g a i n ,  t h e s e  f i n d i n g s  a r e  c o u n t e r  t o  

p r e d i c t i o n s  of  B l o c k ' s  model  and s u p p o r t  t he  E x p e c t a n c y  Model of
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j u d g e d  d u r a t i o n .

L a s t l y ,  i t  i s  o-f i n t e r e s t  t o  d e t e r m i n e  w h e t h e r  one k i n d  o-f 

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

o t h e r .  For  e xampl e ,  we mi gh t  ask "Does t he  v i o l a t i o n  o-f b e a t  

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

v i o l a t i o n  in harmoni c  a c c e n t i n g ?  Or i s  i t  t he  c a s e  t h a t  a v i o l a t i o n  

of  e i t h e r  c o n v e n t i o n  p r o d u c e s  t he  same ma g n i t u d e  o-f e-f-fects?" To 

answer  t h i s  q u e s t i o n ,  we mus t  a s s e s s  t he  r e l a t i v e  j u d g e d  d u r a t i o n  o-f 

Harmonic E a r l y - B e a t  E a r l y  p a i r s  and t he  d u r a t i o n  of  Harmonic L a t e - B e a t  

La t e  p a i r s .  I-f b o t h  v i o l a t i o n s  p r oduce  the  same magn i t ude  o-f e-f-fects,  

t he n  j u d gm e n t s  o-f "same" d u r a t i o n  w i l l  be o b t a i n e d .  However,  i-f one 

e x e r t s  a g r e a t e r  e-f-fect on j u d g e d  d u r a t i o n  t h a n  t he  o t h e r ,  t hen  

d i - f - fe rences  among t h e s e  p a i r i n g s  w i l l  be o b t a i n e d .  Bon-ferroni  p o s t  

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

g r e a t e r  e-f-fect on j u d g e d  d u r a t i o n  than  v i o l a t i o n  o-f ha rmonic  a c c e n t s .  

The p a i r i n g  o-f Ha rmoni c -Bea t  E a r l y  m e l o d i e s  were  s i g n i f i c a n t l y  

d i f f e r e n t  <F2, 224 = 2 . 3 8 ,  p<.05> a s  were t he  p a i r i n g s  of  

Ha rmoni c -Bea t  La t e  m e l o d i e s  <F2,  224 = 2 . 1 9 ,  p < . 0 5 ) .  In bo t h  c a s e s ,  

t he  Bea t  E a r l y  and Bea t  La t e  c o n d i t i o n s  p r od u c e d  a g r e a t e r  

o v e r e s t i m a t i o n  and u n d e r e s t i m a t i o n  of  d u r a t i o n ,  r e s p e c t i v e l y ,  than d i d  

the  Harmonic E a r l y  o r  Harmonic Late  c o n d i t i o n s .

In sum, v i o l a t i o n s  o f  m e l o d i c  and t empora l  a c c e n t  s t r u c t u r e  y i e l d  

s y s t e m a t i c  e r r o r s  of  j u d g e d  d u r a t i o n .
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Genera l  D i s c u s s i o n

The r e s u l t s  o-f t h i s  - f inal  e x p e r i m e n t  r e e i n - f o r c e  t h e  novel  

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

T h i s  p e r s p e c t i v e  a s s umes  t h a t  a p e r c e i v e r  u s e s  t h e  dynamic s t r u c t u r e  

o f  an un - f o l d i ng  e v e n t  t o  g e n e r a t e  e x p e c t a n c i e s  a b o u t  t h e  e v e n t ' s  

■future c o u r s e ,  i n c l u d i n g  i t s  upcoming c o m p l e t i o n .  D u r a t i o n  j u d g m e n t s  

a r e  t h e n  d e t e r m i n e d  by w h e t h e r  t h e  e v e n t ' s  a c t u a l  end c o n f i r m s  or  

v i o l a t e s  t h e  p e r c e i v e r ' s  e x p e c t a n c i e s .

The p r e s e n t  e x p e r i m e n t  r e v e a l s  wha t  p a r t i c u l a r  i n v a r i a n t s  may be 

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

i n v a r i a n t s  can  be s p e c i f i e d  w i t h i n  a  m e l o d y ' s  r hy t hm and i n v o l v e  an 

i s o c h r o n o u s  a r r a n g e m e n t  of  t e mpor a l  a c c e n t s  t h a t  h i g h l i g h t  t he  

r e l a t i o n s h i p  be t ween  m a j o r  c h o r d  members  and t h e  m e l o d y ' s  t o n i c .  As 

the  r e s u l t s  of  E x pe r i m e n t  5a  i l l u s t r a t e ,  p e o p l e  w i t h i n  t he  Wes t e r n  

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

i n v a r i a n t s  and e x p e c t  t h e i r  p r e s e n c e  w i t h i n  a m e l o d y .  Temporal  

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

w e l l - t i m e d  and h a r m o n i c a l l y  a p p r o p r i a t e  t o  a m e l o d y ' s  key .

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

i n a p p r o p r i a t e  when e i t h e r  c o n v e n t i o n  i s  v i o l a t e d .  More i m p o r t a n t l y ,  

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

t e mpora l  a c c e n t  s t r u c t u r e  a l s o  c r e a t e s  o v e r  and u n d e r e s t i m a t i o n s  of  

j u d g e d  d u r a t i o n .  I f  t h e  b e a t  p e r i o d  be t ween  l a t e r  t e mpor a l  a c c e n t s  

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

b e f o r e  o r  a f t e r  i t  i s  e x p e c t e d .  T h i s  c o r r e s p o n d i n g l y  l e a d s  t o  u nde r
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and o v e r e s t  imat  i ons  o-f j u d g e d  d u r a t i o n .  The s e  same s o r t s  o f  e r r o r s  

a r e  o b s e r v e d  when t h e  t e mpor a l  a c c e n t u a t i o n  o-f m a j o r  c h o r d  members  i s  

a l t e r e d .  Tempora l  a c c e n t s  t h a t  i m me d i a t e l y  p r e c e d e  o r  - fol low t h e s e  

ha rmoni c  r e l a t i o n s h i p s  seem t o  g e n e r a t e  an e x p e c t e d  e n d i n g  t h a t  i s  t oo  

e a r l y  o r  t o o  l a t e .  O-f t h e s e  two c o n v e n t i o n s ,  an i n v a r i a n t  b e a t  p e r i o d  

be t ween t e mp o r a l  a c c e n t s  seems mos t  i m p o r t a n t  -for s p e c i f y i n g  when t he  

melody w i l l  e n d .  LJhen t h i s  c o n v e n t i o n  i s  v i o l a t e d ,  i t s  e f f e c t s  upon 

j u d g e d  d u r a t i o n  a r e  o f  a g r e a t e r  m a g n i t u d e  t h a n  when t h e  harmoni c  

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

The e f f e c t s  t h a t  have been o b s e r v e d  h e r e  do have i m p l i c a t i o n s  f o r  

e v e n t s  o u t s i d e  t h e  r e a l m  of  m u s i c .  In p a r t i c u l a r ,  t h e r e  i s  some 

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

q u i t e  s i m i l a r  t o  t h a t  o f  m u s i c .  M a r t i n  <1972) ,  f o r  e x a m p l e ,  ha s  

p r o p o s e d  a t h e o r y  of  l a n g u ag e  b e h a v i o r  where  b e a t  i n v a r i a n c e  and 

ha rmoni c  a c c e n t i n g  a r e  an i n t e g r a l  a s p e c t  o f  h i s  h i e r a r c h i c a l  

d e s c i p t i o n  of  s p e e c h .  R e l y i n g  upon r e s e a r c h  done in s pe e c h  p e r c e p t i o n  

and l i n g u i s t i c s ,  he d e m o n s t r a t e s  t h a t  t e mpor a l  a c c e n t s  u s u a l l y  f a l l  on 

c o n t e n t  words  < i e .  nouns  and v e r b s )  and t h a t  t h e s e  a c c e n t s  p r e d i c t a b l y  

r e c u r  t h r o u g h o u t  an u t t e r a n c e .  When t h e s e  a c c e n t s  a r e  v i o l a t e d ,  

comp r e h e n s i o n  and r e c a l l  i s  n o t  o n l y  i m p a i r e d  ( M a r t i n  1 9 7 5 ) ,  b u t  so  i s  

s e n t e n c e  r e c o g n i t i o n  ( W i n g f i e l d  & K l e i n  1970)  and d i s c r i m i n a t i o n  

(Dool i  ng 1974 ) .

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

t h e  t e mpora l  a c c e n t  s t r u c t u r e  o f  s pe e c h  may a l s o  a l l o w  a  l i s t e n e r  t o  

a n t i c i p a t e  t h e  upcoming e xcha nge  o f  s p e a k i n g  r o l e s .  I f  t he
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a c c e n t u a t i o n  o-f c o n t e n t  words  i s  v i o l a t e d ,  t hen  a l i s t e n e r  max 

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

c o n c l u d e d  l a t e r  t h a n  e x p e c t e d .  A l t e r n a t i v e l y ,  t he  l i s t e n e r  may 

i n i t i a t e  h e r  s p e a k i n g  r o l e  r e l a t i v e l y  l a t e  beca use  t he  p r e v i o u s  

u t t e r a n c e  h a s  ended  e a r l i e r  t ha n  e x p e c t e d .  These  s o r t s  o f  e r r o r s  

mi gh t  o c c u r  when s p e a k i n g  w i t h  a f o r e i g n e r  who h a s  no t  q u i t e  m a s t e r e d  

t h e  E n g l i s h  l a n g u a g e  or  w i t h  i n d i v i d u a l s  a f f l i c t e d  w i t h  c e r t a i n  speech  

d i s o r d e r s .  They may a l s o  o c c u r  when s p e a k i n g  w i t h  someone whose 

speech  rhythm ( o r  r a t e  of  a c c e n t  i s o c h r o n y )  i s  d i f f e r e n t  f rom t he  one 

y o u ' v e  a d a p t e d  t o .  For  exampl e ,  a p e r s o n  r a i s e d  in New York C i t y  i s  

a c c us t omed  t o  a somewhat  f a s t e r  r a t e  of  speech  t ha n  someone r a i s e d  in 

t h e  S o u t h .  When t he  two i n t e r a c t ,  t he  New Yorker  may o f t e n  i n t e r u p t  

and v o c a l l y  a n t i c i p a t e  t he  S o u t h e r n e r ' s  speech  b e ca us e  i t ' s  s l ower  

tha n  w h a t ' s  e x p e c t e d  or  what  t h e y ' r e  acc us t omed  t o .  S i m i l a r l y ,  the 

S o u t h e r n e r  may d i s p l a y  long  p a u s e s  b e f o r e  s p e a k i n g  be c a us e  t he  New 

Y o r k e r ' s  speech  i s  f a s t e r  and ends  e a r l i e r  t han  e x p e c t e d .  In a d d i t i o n  

t o  t h e s e  e r r o r s  in t u r n - t a k i n g  b e h a v i o r ,  t he  r e l a t i v e  d u r a t i o n  of  t h i s  

c o n v e r s a t i o n  may be i n a c c u r a t e l y  j u dg e d  by bo t h  i n d i v i d u a l s .  Of 

c o u r s e ,  t h e s e  s o r t s  of  p r ob l e ms  s h o u l d  e v e n t u a l l y  d i s a p p e a r  once bo th  

have a d a p t e d  t o  t h e s e  new r a t e s  of  s p e e c h .

The E x p e c t a n c y  Model no t  o n l y  a p p l i e s  t o  l a nguage  bu t  a l s o  has  

i m p l i c a t i o n s  f o r  s i t u a t i o n s  r e q u i r i n g  “ t i m e - t o - c o l 1 i s i o n "  j u d g m e n t s .  

E a r l i e r  we m e n t i o n e d  some r e s e a r c h  t h a t  ha s  a t t e m p t e d  t o  i d e n t i f y  

t h o s e  i n v a r i a n t s  s p e c i f y i n g  the  imminent  c o l l i s i o n  of  a b a s e b a l l  (Todd 

1 9 8 0  or  c a r  ( S c h i f f  it D e t w i l e r  1979) .  These  s t u d i e s  co n c l ud e  t h a t
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p e r c e i v e r s  b a s e  t h e i r  j u d g m e n t s  on t h e  r a t e  o f  o p t i c a l  e x p a n s i o n  

w i t h i n  t he  v i s u a l  f i e l d .  T h i s  c o n c l u s i o n ,  howeve r ,  d o e s  n o t  e x p l a i n  

how an i n d i v i d u a l  i s  a b l e  t o  a n t  i c i p a t e  t h e  c o l l i s i o n  o f  an o b j e c t  

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

e x p a n s i o n ,  a s  p r e s e n t l y  d e s c r i b e d  by t h e s e  r e s e a r c h e r s ,  does  no t  

e x p l a i n  how e r r o r s  in c o l l i s i o n  e s t i m a t e s  may a r i s e .  These  o m i s s i o n s  

l a r g e l y  s t em f rom t h e  f a c t  t h a t  D i r e c t  T h e o r y  i g n o r e s  t he  n a t u r e  of  

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

an e v e n t ' s  s t r u c t u r e .  The p r e s e n t  a p p r o a c h ,  howeve r ,  p r o v i d e s  some 

i n s i g h t  on t h e s e  i s s u e s .

T h a t  i s ,  a moving  o b j e c t  ( s u c h  a s  a c a r  o r  b a s e b a l l )  i s  t y p i c a l l y  

p e r c e i v e d  r e l a t i v e  t o  o t h e r  r e f e r e n t  o b j e c t s  or  e v e n t s  w i t h i n  t he  

s u r r o u n d i n g  e n v i r o n m e n t  < i e .  o t h e r  c a r s ,  t r e e s ,  e t c ) .  These  

b a c k g r o u nd  r e f e r e n t s  may be c o n s i d e r e d  a s  a c c e n t s  b e c a u s e  t h e y  c a p t u r e  

our  a t t e n t i o n  and a c t  a s  c h a n g e s  in t he  e n v i r o n m e n t a l  b a c k d r o p .  As 

t he  o b j e c t  moves  p a s t  t h e s e  e n v i r o n m e n t a l  r e f e r e n t s ,  a s o r t  o f  rhythm 

i s  c r e a t e d  t h a t  may g e n e r a t e  e x p e c t a n c i e s  a b o u t  t he  o b j e c t ' s  f u t u r e  

t ime c o u r s e .  I f  t h e s e  e x p e c t a n c i e s  a r e  c o n f i r m e d ,  t he n  

t i m e - t o - c o l 1 i s i  on j u d g m e n t s  s h o u l d  be q u i t e  a c c u r a t e .  However ,  e r r o r s  

may a r i s e  wheneve r  t h e r e  a r e  c h a n g e s  in t he  o b j e c t ' s  r a t e  o f  s p e e d  or  

in t h e  r e l a t i v e  p l a c e m e n t  of  t h e  e n v i r o n m e n t a l  r e f e r e n t s .  For  

e x a m p l e ,  l e t ' s  c o n s i d e r  an i n d i v i d u a l  w h o ' s  d r i v i n g  on a busy  f r ee w ay  

where  c a r s  a r e  in c l o s e  p r o x i m i t y  and moving a t  a h i gh  r a t e  o f  s p e e d .  

As t he  p e r s o n  i s  moving r e l a t i v e  t o  t h e s e  o t h e r  c a r s ,  t h e  e s t a b l i s h e d  

r hy t hm a l l o w s  h e r  t o  e s t i m a t e  b r a k i n g  r e s p o n s e s  q u i t e  a c c u r a t e l y .
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However ,  l e t ' s  now suppose  t he  p e r s o n  e x i t s  o-f-f i n t o  a q u i e t  

r e s i d e n t i a l  a r e a  where t h e r e ' s  -fewer c a r s  and t he  speed  l i m i t  i s  much 

s l o w e r .  He r e ,  t he  i n d i v i d u a l  may be b r a k i n g  r e l a t i v e l y  e a r l y  beca use  

s h e ' s  s t i l l  b e h a v i n g  r e l a t i v e  t o  t he  rhythm ( - fas t  pace and c l o s e  

p r o x i m i t y )  o-f t he  - f reeway.  C o n v e r s e l y ,  b r a k i n g  r e s p o n s e s  may be 

r e l a t i v e l y  l a t e  i-f she  moves -from a r e s i d e n t i a l  a r e a  o n t o  a -freeway.  

A g a i n ,  the  r hy thm a r i s i n g  -from the  r e l a t i o n s h i p  between he r  c a r  and 

o t h e r  c a r s  h a s  been a l t e r e d ,  and so  e x p e c t a n c i e s  abou t  

t i m e - t o - c o l 1 i s i o n  have been v i o l a t e d .  Thus  by c o n i d e r i n g  t he  impact  

o-f s p a t i o - t e m p o r a l  r e l a t o n s h i p s  upon a r h y t h m i c  o r g a n i s m ,  t he  c onc e p t  

o-f - fu ture  t ime can be p a r s i m o n i o u s l y  i n c o r p o r a t e d  i n t o  a t h e o r y  o-f 

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

In sum,  t he  r e s u l t s  o-f t h i s  s econd  e x pe r i m e n t  do s u p p o r t  the 

g e n e r a l  -framework o-f t he  E x pe c t a n c y  Model t h a t  ha s  been d e v e l o p ed  

w i t h i n  t h i s  d i s s e r t a t i o n .  The m e l o d i c - r h y t h m i c  s t r u c t u r e  o-f an even t  

ha s  been presumed t o  - f a c i l i t a t e  t he  p r o c e s s  of  s y n c h r o n i z a t i o n  and t o  

a l l o w  one t o  a n t i c i p a t e  t he  o c c u r r e n c e  of  f u t u r e  e v e n t s .  The f i n d i n g s  

o b t a i n e d  h e r e  e x t e n d  t h i s  model by u n c o v e r i n g  a t  l e a s t  two ways t h a t  

t h i s  r h y t h m i c  s t r u c t u r e  can a l s o  p r e p a r e  a p e r c e i v e r  f o r  when an e ven t  

w i l l  end .  Any s y s t e m a t i c  v i o l a t i o n s  o f  t h e s e  i n v a r i a n t s  w i l l  c r e a t e  

d i f f e r e n c e s  in j u d g e d  d u r a t i o n .  In t h i s  r e s p e c t  t h e n ,  t h i s  l a s t  

e x p e r i m e n t  c r e a t e s  some c l o s u r e  w i t h  the  e a r l i e r  e x p e r i m e n t s  t h a t  were 

c o n d u c t e d .  In t he  f i r s t  two e x p e r i m e n t s ,  f o r  exampl e ,  t he  r o l e  of  

r h y t h m i c  s t r u c t u r e  was a l s o  s t u d i e d .  The r e  we v a r i e d  w h e t h e r  me l od i c  

and t empora l  a c c e n t s  c o - o c c u r r e d ,  bu t  the  r e l a t i o n s h i p  between t h e s e
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a c c e n t s  was n e v e r  a p r e d i c t a b l e  o n e .  Given t h a t  m a n i p u l a t i o n s  o-f 

m e l o d i c  s t r u c t u r e  had no e- f -fect ,  l i s t e n e r s  p r e s u m a b l y  c o u l d  no t  

r e l i a b l y  a n t i c i p a t e  t h e  "what"  o-f upcoming a c c e n t s .  I n s t e a d ,  t h e y  

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

t r a c k  t h e  number o f  b e a t s  f o r  each  p a t t e r n .  D u r a t i o n  j u d g m e n t s  were 

t h e n  d e t e r m i n e d  a s  a f u n c t i o n  of  t h e s e  number of  b e a t s .  However ,  we 

have now d i s c o v e r e d  t h a t  i f  t he  v i o l a t i o n  o f  a  r hy t hm m a i n t a i n s  a 

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

d u r a t i o n  seems  t o  be d e t e r m i n e d  r e l a t i v e  t o  an e v e n t ' s  e x p e c t e d  e n d .

By e x t r a p o l a t i n g  t he  b e a t  p e r i o d  of  ha r mon i c  a c c e n t s  i n t o  t he  f u t u r e ,  

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

r e s o l v e d  t o n i c .  E r r o r s  in j u d e d  d u r a t i o n  o c c u r  when the  f i n a l  b e a t  

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

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

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

h e r e .  The s e  m o d e l s  g e n e r a l l y  assume t h a t  j u d g e d  d u r a t i o n  d ep e n d s  on 

code  c o m p l e x i t y  o r  t h e  amount  o f  i n f o r m a t i o n - p r o c e s s i n g  t h a t  i s  

consumed by a g i v e n  e v e n t .  T h e i r  d e f i n i t i o n s  of  c o m p l e x i t y ,  however ,  

f a i l  t o  c a p t u r e  t h e  i n h e r e n t  r e l a t i o n s h i p s  w i t h i n  an e v e n t ' s  s t r u c t u r e  

and how t h e s e  r e l a t i o n s h i p s  may s e r v e  t o  g u i d e  o r  m i s g u i d e  a t t e n d i n g .  

The l a c k  of  e x p e r i m e n t a l  s u p p o r t  f o r  t h e s e  i n f o r m a t i o n - p r o c e s s i n g  

m o d e l s  s e r v e s  t o  i l l u s t r a t e  t h a t  c o m p l e x i t y  may e x i s t  w i t h i n  t he  

t e mpor a l  and ha r mon i c  i n t e r r e l a t i o n s h i p s  o f  a me l o dy .  P e r c e i v e r s  

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

t o  g e n e r a t e  f u t u r e  e x p e c t a n c i e s .  Whenever  an e v e n t ' s  s t r u c t u r e
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v i o l a t e s  a p e r c e i v e r ' s  e x p e c t a n c i e s ,  a t t e n d i n g  becomes  m i s g u i d e d  and 

c r e a t e s  e r r o r s  in d u r a t i o n  Judgmen t .  By e n v i s i o n i n g  a r e c i p r o c a l  

r e l a t i o n s h i p  be t ween  an o r g a n i s m  and i t s  e n v i r o n m e n t ,  t h i s  app r oac h  

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

p a r s i m o n i o u s  t h e o r y  o f  J ud g e d  d u r a t i o n .

In t h e  n e x t  and f i n a l  c h a p t e r ,  we w i l l  more t h o r o u g h l y  c o n t r a s t  

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

e x p e r i m e n t a l  f i n d i n g s  t h a t  have  been  o b t a i n e d  on t h e  " f i l l e d  i n t e r v a l  

e f f e c t " .  In a d d i t i o n ,  we w i l l  c o n s i d e r  how t he  E x p e c t a n c y  Model may 

be g e n e r a l i z e d  t o  o t h e r  l e s s  t r a d i t i o n a l  a r e a s  of  t ime r e s e a r c h .  

C h a p t e r  Summary

The p u r p o s e  o f  t h i s  f i n a l  e x p e r i m e n t  was  t o  e x p l o r e  t he  way in 

which  a m e l o d y ' s  r hy t hm may p r e p a r e  a l i s t e n e r  f o r  t h a t  m e l o d y ' s  

c o m p l e t i o n .  E s t a b l i s h e d  by m u s i c a l  c o n v e n t i o n ,  t h e r e  a r e  a t  l e a s t  two 

t y p e s  of  r h y t h m i c  i n v a r i a n t s  t h a t  seem t o  p e r f o r m  t h i s  f u n c t i o n .

F i r s t ,  t e mp o r a l  a c c e n t s  u s u a l l y  c o - o c c u r  w i t h  n o t e s  of  t h e  ma j o r  

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

Se c o n d ,  a c c e n t s  r e c u r  i s o c h r o n o u s l y  a f t e r  an i n v a r i a n t  number of  

b e a t s ,  a l l o w i n g  a l i s t e n e r  t o  a n t i c i p a t e  e x a c t l y  when t h i s  f i n a l  t o n i c  

w i l l  o c c u r .  The r e s u l t s  o f  an i n i t i a l  r a t i n g  s t u d y  show t h a t  

l i s t e n e r s  a r e  in f a c t  a t t u n e d  t o  t h e s e  two i n v a r i a n t s  f o r  when t h e y  

a r e  v i o l a t e d ,  a m e l o d y ' s  a c c e n t s  a r e  p e r c e i v e d  a s  b e i n g  i l l - t i m e d  and 

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

v i o l a t e d  such  t h a t  a me lody  e n d s  b e f o r e  o r  a f t e r  i t  i s  e x p e c t e d ,  t he n  

r e s p e c t i v e  u nde r  and o v e r e s t i m a t i o n s  o f  d u r a t i o n  a r e  r e v e a l e d .  These
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- f i nd i ngs  were  shown t o  have d i r e c t  a p p l i c a t i o n  -for l anguage  b e h a v i o r  

and s i t u a t i o n s  i n v o l v i n g  " t i me  t o  c o l l i s i o n * 1 j u dg me n t s .



CHAPTER TEN 

GENERAL DISCUSSION AND SUMMARY

At t h e  b e g i n n i n g  o-f t h i s  d i s s e r t a t i o n ,  we posed  a number of  

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

In one we a s ke d  "Why does  one e v e n t ,  such as  a song  or  mov i e ,  appea r  

t o  t r a n s p i r e  more q u i c k l y  t han  a n o t h e r  when b o t h  a r e  t he  same p h y s i c a l  

d u r a t i o n ? "  T h i s  phenomenom, known a s  the  - f i l l e d  i n t e r v a l  e-f-fect ,  ha s  

been t h e  -focal q u e s t i o n  o-f i n t e r e s t  h e r e  and e x p l o r e d  f rom v a r i o u s  

t h e o r e t i c a l  p e r s p e c t i v e s .  Idhat have we l e a r n e d  about  t h i s  i l l u s i o n  

and what  s o r t  of  u n d e r l y i n g  p r o c e s s e s  w i t h i n  a p e r c e i v e r  can b e s t  

e x p l a i n  i t s  o c c u r r e n c e ?

In t h i s  c h a p t e r ,  we w i l l  c o n s i d e r  t h i s  q u e s t i o n  f rom the  

p e r s p e c t i v e s  o f  t he  Ex p e c t a n c y  and c e r t a i n  i n f o r m a t i o n - p r o c e s s i n g  

mode l s  of  j u dg e d  d u r a t i o n .  The u t i l i t y  of  t h e s e  two v i e ws  w i l l  be 

c o n t r a s t e d  and I w i l l  show t h a t  t he  Expe c t a nc y  Model c o n t a i n s  s e v e r a l  

a d v a n t a g e s  ove r  t he  t r a d i t i o n a l  mode l s  of  j u d g e d  d u r a t i o n .  These  

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

a d v a n t a g e s ,  however ,  i t  w i l l  a l s o  be shown t h a t  t he  c u r r e n t  

deve l opment  of  t he  Ex p e c t a n c y  Model c o n t a i n s  a t  l e a s t  two ma jo r  

d e f i c i e n c i e s .  A f t e r  d i s c u s s i n g  how t h e s e  d e f i c i e n c i e s  may be r e s o l v e d  

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

of  t he  E x p e c t a n c y  Model t o  o t h e r  a r e a s  of  t ime e x p e r i e n c e .

2 4 ?
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C o n s t r a s t i n o  P e r s p e c t i v e s  on J udoed  D u r a t i o n  -  A Summary

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

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

i n t e r v a l  e f f e c t  a r i s e s  f rom t he  d i f f e r e n t i a l  c o m p l e x i t y  of  e v e n t s .

T h a t  i s ,  an i n t e r v a l  c o n t a i n i n g  more i t ems  and a more h a p h a z a r d  

a r r a n g e m e n t  of  t h e s e  i t em s  w i l l  seem l o n g e r  t ha n  a more s p a r s e  and 

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

assumed t o  demand g r e a t e r  i n f o r m a t i o n - p r o c e s s i n g  a c t i v i t i e s  w i t h i n  a 

p e r c e i v e r  which  in t u r n  s e r v e  t o  l e n g t h e n  e x p e r i e n c e d  d u r a t i o n .  Ue 

saw t h a t  i n d i v i d u a l  mo d e l s  w i t h i n  t h i s  t r a d i t i o n  d i s a g r e e  on the  

p r e c i s e  r e f e r e n t  f o r  d u r a t i o n  e s t i m a t e s .  Some s uch  a s  O r n s t e i n  <1969) 

c l a i m  t h a t  we base  ou r  j udgment  on t h e  amount  of  i n f o r m a t i o n  in 

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

remembered d u r a t i o n ) .  O t h e r s  a r gue  t h a t  memory s t o r a g e  i s  i r r e l e v a n t  

and t h a t  j u d g e d  d u r a t i o n  d e p e n d s  on t he  amount  o f  a t t e n t i o n a l  e f f o r t  

(Thomas & Weaver  1975;  Underwood & Swain 1 9 7 3 ) .  S t i l l  a t h i r d  model 

(Bl oc k  1974)  e x p e r i m e n t a l l y  d i s c o u n t s  bo t h  o f  t h e s e  v i e ws  and p r o p o s e s  

a " c o n t e x t u a l  change  h y p o t h e s i s " .  A c c o r d i n g  t o  t h i s  a p p r o a c h ,  an 

i n t e r n a l  mechani sm m o n i t o r s  t h e  amount  o f  " change"  w i t h i n  an e v e n t  and 

d e r i v e s  a l o n g e r  d u r a t i o n  j udgment  wheneve r  g r e a t e r  change  i s  

e n c o u n t e r e d .

A l th o u g h  t h e  u n d e r l y i n g  mechan i s ms  of  t h e s e  m o de l s  a r e  c o n s i d e r e d  

a p p r o p r i a t e  by t h e  I n f o r m a t i o n - P r o c e s s i n g  p a r a d i g m ,  i t  i s  a l s o  t r u e  

t h a t  t h e y  have u n s u c c e s s f u l l y  e x p l a i n e d  t h e  f i l l e d  i n t e r v a l  e f f e c t .
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Exper  i men t a l  r e s u l t s  a r e  o f t e n  c o n t r a d i c t o r y  < i e .  S ch i f fm a n  & Bobko 

1974 u s .  P o y n t e r  1983} Devane 1974 v s .  Avant  & Lyman 1975)  and no one 

model  h a s  r e c e i v e d  uni-form and r e l i a b l e  s u p p o r t .  F u r t h e r ,  i t  i s  o-ften 

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

In B l o c k ' s  C o n t e x t u a l  Change H y p o t h e s i s ,  f o r  ex a mp l e ,  t h e  r e a l m  of  

change  t h a t  t he  i n t e r n a l  m o n i t o r  r e s p o n d s  t o  i s  n e v e r  s p e c i f i e d  nor  

a r e  we t o l d  j u s t  how much change  h a s  t o  o c c u r  f o r  j u d g e d  d u r a t i o n  t o  

be a f f e c t e d .  In  s h o r t ,  t h e  c o n t e m p o r a r y  t h e o r i e s  have  f a i l e d  t o  

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

e f f e c t .

In t h e  p r e s e n t  p r o p o s a l ,  i t  was s u g g e s t e d  t h a t  t h e s e  p r ob l e ms  

s t em f rom some u n d e r l y i n g  a s s u m p t i o n s  t h a t  a r e  o f t e n  a s s o c i a t e d  w i t h  

t h e  I n f o r m a t i o n - P r o c e s s i n g  p a r a d i g m .  The b a s i c  a s s u m p t i o n s  of  

m e d i a t e d  p e r c e p t i o n  and " d i s c r e t e  s a mp l in g "  r e s u l t  in q u a n d r i e s  of 

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

c o n d u c t .  For  e x a m p l e ,  a s  D i r e c t  P e r c e p t i o n  Th e o r y  p o i n t s  o u t ,  t he  

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

p e r c e i v e r - w o r l d  d u a l i s m .  A l t h o ug h  t he  w o r l d  i s  as sumed t o  c o n t a i n  

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

e v e n t s  i s  n o t .  I n s t e a d ,  p r o c e s s i n g  a c t i v i t i e s  a r e  of  a  d i s c r e t e  

n a t u r e  where  s u c c e s s i v e  moments  of  e v e n t s  mus t  be s a m p l e d ,  e l a b o r a t e d ,  

s t o r e d  in memory,  and the n  c o n c a t e n a t e d  t o  a c h i e v e  a p e r c e p t i o n  of

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

d i m e n s io n  of  t ime p l a y s  a dua l  r o l e .  The a c t u a l  p h y s i c a l  d u r a t i o n  of

an e v e n t  n o t  o n l y  a c t s  a s  an e ncode d  s t i m u l u s  b u t  a l s o  f u n c t i o n s  a s  an
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i n t e r v a l  d u r i n g  which  p r o c e s s i n g  t i me  o c c u r s .  The r e f e r e n t  o-f j u d ge d  

d u r a t i o n  h a s  now become a me n t a l  code c o r r e s p o n d i n g  t o  some p r o c e s s i n g  

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

e n v i r o n m e n t a l  e v e n t  i t s e l - f .  In o t h e r  w o r d s ,  an o r g a n i s m ' s  b e h a v i o r  i s  

n o t  d e t e r m i n e d  by an e n v i r o n m e n t a l  e v e n t  a s  such  b u t  by an i n t e r n a l  

r e p r e s e n t a t i o n  o-f t h i s  e v e n t  -  which  i s  n o t  n e c e s s a r i l y  t he  same 

t h i n g .

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

e x p e r i m e n t a l  c o n d u c t .  S i n c e  an o r ga n i s m i s  assumed t o  sample  d i s c r e t e  

c h u n k s  o-f i n p u t  -from t h e  e n v i r o n m e n t ,  i t  i s  t h e r e - f o r e  c o n s i d e r e d  

a p p r o p r i a t e  t o  use  componen t s  o f  e v e n t s  a s  e x p e r i m e n t a l  s t i m u l i .  Thus  

we f i n d  e x p e r i m e n t s  where  s u b j e c t s  a r e  r e q u i r e d  t o  compare t he  

d u r a t i o n  o f  a b s t r a c t  l i n e  d r a w i n g s ,  i s o l a t e d  wo r ds  and n o ns e ns e  w o r d s ,  

o r  a u d i t o r y  c l i c k s .  The p r ob l em a r i s e s ,  of  c o u r s e ,  in t r y i n g  t o  

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

S i n c e  c o n t e m p o r a r y  m o d e l s  of  j u d g e d  d u r a t i o n  a r e  f o u nd ed  upon such 

e x p e r i m e n t s ,  a r e  t h e i r  u n d e r l y i n g  mechan i s ms  o n l y  in r e f e r e n c e  t o  

e x p e r i m e n t a l  a r t i f a c t s ?  To a l a r g e  e x t e n t ,  t h i s  may be t r u e .  I 

b e l i e v e  t h i s  i s  p a r t i c u l a r l y  a p p a r e n t  when we examine  t h e  o p e r a t i o n a l  

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

w i t h  i n c r e a s i n g l y  more a r t i f i c i a l  s t i m u l i  < i e .  n on s en s e  w o r d s ,  random 

a r r a n g e m e n t s )  and s o  t he  i n t e r v a l  wh i ch  i s  p r e d i c t e d  t o  be t he  l o n g e s t  

i s  a l s o  t h e  one t h a t ' s  t h e  mos t  u n l i k e  r e a l  w o r l d  e v e n t s .

A p a r t  f rom t h i s ,  howeve r ,  t h e  m e d i a t i o n a l  a s s u m p t i o n  ha s  

c o m p l i c a t e d  t h e  i s s u e  o f  c o m p l e x i t y  in s t i l l  a n o t h e r  way.  Code
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c o m p l e x i t y ,  t he  p r esumed  r e f e r e n t  o-f j u d g e d  d u r a t i o n ,  ha s  been d e f i n e d  

in t e r m s  o f  code s i z e  in memory,  t he  amount  o f  p r o c e s s i n g  e f f o r t  or  

c o g n i t i v e  c h a n g e .  The p r ob l e m h e r e  i s  t h a t  c o m p l e x i t y  i s  d e f i n e d  

r e l a t i v e  t o  a me n t a l  code which  c a n n o t  be s e e n .  F u r t h e r ,  p r o p e r t i e s  

of  t h e  m e n t a l  code a r e  n o t  n e c e s s a r i l y  t h e  same a s  t h o s e  o f  t he  

o r i g i n a l  e v e n t .  Thus  we d o n ' t  r e a l l y  know what  s t r u c t u r a l  p r o p e r t i e s  

of  t he  o r i g i n a l  e v e n t  have r e s u l t e d  in g r e a t e r  i n f o r m a t i o n  p r o c e s s i n g  

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

h a s  become c i r c u l a r  and e l u s i v e  -  which  may v e r y  w e l l  e x p l a i n  t he  

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

For  t h e s e  v a r i o u s  r e a s o n s ,  i t  was  f e l t  t h a t  an a l t e r n a t i v e  

a p p ro ac h  t o  t h e  p r ob l e m of  j u d g e d  d u r a t i o n  was  n e e d e d .  Based on t he  

t e n e t s  of  D i r e c t  T h e o r y  ( Gi bson  1946;  1979) and Rhythmic A t t e n d i n g  

Th e o r y  ( J o n e s  1 97 6 ) ,  i t ' s  s u g g e s t e d  t h a t  t h i s  a p p r oa c h  i s  more 

" e c o l o g i c a l .* S i n c e  t he  e m p h as i s  i s  on u s i n g  n a t u r a l  e v e n t s  a s  

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

g e n e r a l i z a b i 1 i t y  t o  r e a l  w o r l d  s i t u a t i o n s .  In a d d i t i o n ,  t h i s  

a l t e r n a t i v e  p e r s p e c t i v e ,  t e rmed  t h e  E x p e c t a n c y  Mode l ,  i s  p r o p o s e d  t o  

r e c t i f y  some of  t h o s e  p r o b l e m s  j u s t  m e n t i o n e d  -  n a me l y ,  t h o s e  

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

The mos t  f u n d am e n t a l  a s s u m p t i o n  w i t h i n  t h e  E x p e c t a n c y  Model i s  

t h a t  t h e  w o r l d  i s  i n h e r e n t l y  o r g a n i z e d .  For  e x a m p l e ,  r e l y i n g  upon a 

d e s c r i p t i o n  t h a t  J o n e s  (1981b)  h a s  d e v e l o p e d  f o r  t he  a u d i t o r y  

e n v i r o n m e n t ,  m u s i c a l  e v e n t s  can be shown t o  c o n t a i n  a h i e r a r c h i c a l  

l a y o u t  o f  p i t c h  i n f o r m a t i o n  t h a t  can be summar i zed  in t e r m s  of  a s e t
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o-f t r a n s - f o r m a t i o n a l  r u l e s .  These  r u l e s  l e a v e  c e r t a i n  p i t c h  i n t e r v a l  

r e l a t i o n s h i p s  i n v a r i a n t  t h r o u g h o u t  a m e l o d y ' s  un- fo ld i ng  c o u r s e .

J o n e s '  mos t  use-ful  d e s c r i p t i o n ,  however ,  comes w i t h  t h e  h i e r a r c h i c a l  

l a y o u t  o-f an e v e n t ' s  t e mpor a l  i n f o r m a t i o n .  As f o r  p i t c h ,  s m a l l e r  

p e r i o d s  of  t ime can  be shown t o  be n e s t e d  w i t h i n  l a r g e r  p e r i o d s  where  

a l l  p e r i o d i c i t i e s  w i t h i n  an i n t e r v a l  a r e  t h u s  i n t e r r e l a t e d .  Rhythm,  

i nduc ed  by p a u s i n g  or  t o n e - l e n g t h e n i n g ,  c r e a t e s  c e r t a i n  t ime 

t r a n s f o r m a t i o n s  where  a m e l o d y ' s  m e t e r  ( b e a t  s t r u c t u r e )  i s  l e f t  

i n v a r i a n t .  S i m u l t a n e o u s l y ,  r hy thm i m p a r t s  a r e g u l a r l y  r e c u r r i n g  

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

In c o n t r a s t  t h e n  t o  t h e  i n f o r m a t i o n - p r o c e s s i n g  p a r a d i g m ,  the  

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

i n t e r r e l a t e d .  Hence ,  t he  need  f o r  m e d i a t i o n a l  mechan i sms  i s  now 

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

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

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

e n v i r o n m e n t  and t o  p o s s e s s  i n t e r n a l  r hy t hms  t h a t  p e r m i t  o r g a n i s m - w o r l d  

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

a s  f o o t h o l d s  f o r  a t t e n d i n g  and a l l o w  one t o  a n t i c i p a t e  t he  "wha t ,  

w h e r e ,  and when" o f  f u t u r e  e v e n t s .

These  b a s i c  t e n e t s  of  Rhythmic A t t e n d i n g  Th e o r y  have a l l o w e d  a 

v e r y  d i r e c t  e x t e n s i o n  t o  t h e  s t u d y  of  j u d g e d  d u r a t i o n .  Whenever  an 

o r g a n i s m a t t e n d s  t o  and p e r c e i v e s  an e v e n t ,  s he  i s  n e c e s s a r i l y  

p e r c e i v i n g  t h a t  e v e n t ' s  t e mpor a l  s t r u c t u r e .  The novel  deve l opmen t  

h e r e ,  howeve r ,  i s  t h a t  a l i s t e n e r ' s  s e t  of  e x p e c t a n c i e s  a r e  assumed t o
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d i r e c t l y  d e t e r m i n e  j u d g e d  d u r a t i o n .  S i nc e  c e r t a i n  s t r u c t u r a l  

i n v a r i a n t s  c r e a t e  a n t i c i p a t i o n s  a bou t  when an e v e n t  w i l l  e n d ,  j u dg e d  

d u r a t i o n  w i l l  depend  on w h e t h e r  t h e s e  e x p e c t a n c i e s  a r e  con-f i rmed or  

v i o l a t e d .  A c c o r d i n g  t o  p r e d i c t i o n s  o-f t h e  E x p e c t a n c y  Model ,  an e v e n t  

t h a t  e n d s  e a r l i e r  t h a n  e x p e c t e d  w i l l  be u n d e r e s t i m a t e d  in d u r a t i o n  

w h i l e  an e v e n t  t h a t  e n d s  l a t e r  t h a n  e x p e c t e d  w i l l  be o v e r e s t i m a t e d .  

C o n f i r m a t i o n  of  e x p e c t a n i c e s , on t he  o t h e r  h a nd ,  w i l l  c r e a t e  a c c u r a t e  

j u d g m e n t s  of  d u r a t i o n  r e l a t i v e  t o  some r e f e r e n t  e v e n t .

R e l a t i v e  t o  t h o s e  mo de l s  g e n e r a t e d  f rom t he  

i n f o r m a t i o n - p r o c e s s i n g  p a r a d i g m ,  t h i s  E x p ec t a n cy  Model of  j u d g e d  

d u r a t i o n  can be shown t o  o f f e r  g r e a t e r  u t i l i t y .  For e x a mp l e ,  t he  

p h i l o s o p h i c a l  n o t i o n  of  p e r c e i v e r - w o r l d  d u a l i s m  h a s  now been r e p l a c e d  

w i t h  one o f  p e r c e i v e r - w o r l d  r e c i p r o c i t y .  The s t r u c t u r e  o f  t he  

e n v i r o n m e n t  and i t s  p e r c e i v i n g  o r g a n i s m s  a r e  b o t h  r h y t h mi c  in n a t u r e  

and t h r o u g h  e v o l u t i o n ,  t h e y  have come t o  i n t e r l o c k  on t h e  b a s i s  of  

s y n c h r o n i z a t i o n .  The p i c k u p  of i n f o r m a t i o n ,  r e f l e c t e d  in e x p e c t a n c y  

s ch e me s ,  i s  e s t a b l i s h e d  by t h e  s t r u c t u r e  of  n a t u r a l  e v e n t s  and does  

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

c o n c a t e n a t i o n .  Thus  by e l i m i n a t i n g  p r o c e s s e s  of  c o g n i t i v e  

c o n s t r u c t i o n ,  t h e  E x p e c t a n c y  Model o f f e r s  g r e a t e r  p a r s i m o n y  as  w e l l  a s  

a p h i l o s o p h i c a l  r e l a t i o n s h i p  o f  r e c i p r o c i t y  be t ween  t h e  p e r c e i v e r  and 

i t s  w o r 1d .

Se c o n d ,  t h e  E x p e c t a n c y  Model p r o v i d e s  a more e c o l o g i c a l  approach  

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

s t r u c t u r a l  i n v a r i a n t s  t o  which t h e y  have  e v o l v e d ,  one mus t  t h e r e f o r e
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use or  s i m u l a t e  r e a l  w o r l d  e v e n t s  a s  e x p e r i m e n t a l  s t i m u l i .  O t h e r w i s e ,  

one r i s k s  s t u d y i n g  e x p e r i m e n t a l  a r t i f a c t s  and no t  the  a c t i v i t y  o-f 

p e r c e i v i n g  a s  i t  o c c u r s  w i t h i n  the  n a t u r a l  e n v i r o n m e n t .  Here ,  -for 

exampl e ,  we i n v e s t i g a t e d  j u d g e d  d u r a t i o n  w i t h  mus ic  a l t h o u g h  the  usage  

of  s peech  or  f i l m e d  v i s u a l  e v e n t s  would have s a t i s f i e d  t he  same 

p u r p o s e .

L a s t l y ,  t h e  v a r i a b l e  of  c o m p l e x i t y  ha s  been more p r e c i s e l y  

d e f i n e d  w i t h i n  t he  e n v i r o nm e n t a l  e v e n t .  By d e t e r m i n i n g  what  s o r t s  of  

s t r u c t u r a l  i n v a r i a n t s  a r e  e x p e c t e d  t o  occur  w i t h i n  an e v e n t ,  t h i s  

s t r u c t u r e  can the n  be v i o l a t e d  such t h a t  o n e ' s  e x p e c t a n c i e s  a r e  

c o r r e s p o n d i n g l y  v i o l a t e d .  F u r t h e r ,  t he  c o n c e p t  of  s ync h r ony  has  

a l l o w e d  us  t o  p r e d i c t  the  p r e c i s e  e f f e c t  of  t h e s e  v i o l a t e d  

e x p e c t a n c i e s  upon j u d g e d  d u r a t i o n .  In c o n t r a s t  t o  

i n f o r m a t i o n - p r o c e s s i n g  mo de l s ,  c o m p l e x i t y ' s  e f f e c t  upon j u dg e d  

d u r a t i o n  i s  d e f i n e d  r e l a t i v e  t o  an e v e n t ' s  s t r u c t u r e  and no t  t o  some 

e t h e r e a l  me n t a l  code .

T h i s  a l t e r n a t i v e  p e r s p e c t i v e ,  however ,  c a n n o t  be a r gu ed  t o  o f f e r  

g r e a t e r  u t i l i t y  u n l e s s  i t  h a s  some s o r t  of  e x p e r i m e n t a l  s u p p o r t .  

F u r t h e r ,  t he  r e s u l t s  of  e x p e r i m e n t a t i o n  must  c l e a r l y  c o n t r a d i c t  

p r e d i c t i o n s  g e n e r a t e d  f rom t he  i n f o r m a t i o n - p r o c e s s i n g  mo de l s .  In a 

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

f a c t  a c h i e v e d .  A t o t a l  of  f i v e  e x p e r i m e n t s  were  c o n du c t e d  u s i n g  the 

c o m p a r a t i v e  j udgment  t a s k  and in e a c h ,  a s t r u c t u r a l  i n v a r i a n t  t h a t  i s  

e x p e c t e d  t o  o c c u r  w i t h i n  Wes te rn  mus ic  was v i o l a t e d .
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For  e x ampl e ,  E x p e r i m e n t s  One and Two examined  a common c o n v e n t i o n  

c o n c e r n i n g  t h e  c o - o c c u r r e n c e  o-f m e l o d i c  and t e mpora l  a c c e n t s .  Here ,  

s u b j e c t s  were  a s ke d  t o  compare  t h e  d u r a t i o n  o-f m e l o d i e s  which 

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

by c o n t a i n i n g  " c l a s h i n g "  a c c e n t s .  The i n f o r m a t i o n - p r o c e s s i n g  a pp r oac h  

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

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

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

t h a t  " c l a s h i n g  p a t t e r n s *  wou ld  be j u d g e d  s h o r t e r .  A c c o r d i n g  t o  one 

h y p o t h e s i s ,  t he  Ave rage  A cc e n t  P e r i o d  H y p o t h e s i s ,  s u b j e c t s  a v e r a g e  the  

d u r a t i o n s  o f  t he  v a r i o u s  a c c e n t  p e r i o d s  w i t h i n  a me lody  and use  t h i s  

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

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

t ime p e r i o d s  be t ween  a c c e n t s  and t h u s  s h o u l d  seem s h o r t e r  t h a n  a 

me lody  c o n t a i n i n g  c o - o c c u r r i n g  a c c e n t s .  A s e c o n d  v i e w,  t h e  M i s s i n g  

Bea t  H y p o t h e s i s ,  p r o p o s e d  t h a t  s u b j e c t s  use  t h e  t o t a l  number  of  

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

l a t e r  m e l o d i e s .  R e g a r d l e s s  of  t h e  c o m p a t i b i l i t y  be t ween  m e l o d i c  and 

t e mpora l  a c c e n t s ,  m e l o d i e s  c o n t a i n i n g  a f ewer  number o f  b e a t s  s h o u l d  

seem r e l a t i v e l y  s h o r t e r .  T h i s  M i s s i n g  Bea t  H y p o t h e s i s  was in f a c t  

s u p p o r t e d  by t h e  r e s u l t s  o f  E x p e r i m e n t s  One and Two. The s e  f i n d i n g s  

s e r v e d  t o  i l l u s t r a t e  t h a t  p e r c e i v e r s  do i nd e e d  use  t he  r h y t h m i c  

s t r u c t u r e  of  an e v e n t  f o r  r e l a t i v e  d u r a t i o n  e s t i m a t e s .

The n e x t  s e t  of  e x p e r i m e n t s  <3 and 4)  i n v e s t i g a t e d  how v i o l a t i o n s  

of  p a t t e r n  r e s o l u t i o n  a f f e c t  j u d g e d  d u r a t i o n .  S p e c i f i c a l l y ,  a
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l i s t e n e r  can a n t i c i p a t e  t h e  c o m p l e t i o n  o f  a me lody b e c a u s e  mos t  

We s t e r n  mus i c  t y p i c a l l y  e n d s  on a p r o l o n g e d  t o n i c .  He r e ,  i t  was shown 

t h a t  s y s t e m a t i c  v i o l a t i o n s  o f  t h e s e  two i n v a r i a n t s  can c r e a t e  under  

and o v e r e s t i m a t i o n s  of  d u r a t i o n .  In Expe r i me n t  F i v e ,  f o r  e xampl e ,  

m e l o d i e s  e n d i n g  on t h e  t o n i c  < r e s o l v e d )  were  compared w i t h  m e l o d i e s  

e n d i n g  on a n o t e  t h a t  was  i d e n t i c a l  t o  t h a t  i n i t i a t i n g  the  f i n a l  

me asu r e  ( u n r e s o l v e d ) .  When b o t h  c o n t a i n e d  a  d e f i n i t i v e  e n d i n g  t h r ou g h  

an e n d - l e n g t h e n e d  n o t e ,  t he  u n r e s o l v e d  me l ody  was  j u d g e d  s h o r t e r  than  

t h e  r e s o l v e d  one -  p r e s u m a b l y  b e c a u s e  t h e  u n r e s o l v e d  me lody  seemed t o  

end b e f o r e  t h e  e x p e c t e d  t o n i c .  A s i m i l a r  r e s u l t  was f o u nd  when 

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

f i n a l  n o t e .  However ,  an u n r e s o l v e d  me l ody  was  j u d g e d  1onoe r  t h a n  a 

r e s o l v e d  one when t h e  f i n a l  n o t e ' s  d u r a t i o n  was i s o c h r o n o u s  t o  t h a t  of  

p r e c e d i n g  n o t e s .  The l a c k  of  a s t r u c t u r a l l y  marked  e n d i n g  a p p a r e n t l y  

e n c o u r a g e d  a me n t a l  c o n t i n u a t i o n  o f  t he  u n r e s o l v e d  me lody t o  i t s  

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

Thes e  s e t s  of  f i n d i n g s  were  a l l  c o n s i s t e n t  w i t h  p r e d i c t i o n s  o f  t he  

E x p e c t a n c y  M o d e l .

The l a s t  e x p e r i m e n t  ( E x pe r i m e n t  5)  d e m o n s t r a t e d  how i n v a r i a n t  

p r o p e r t i e s  o f  a m e l o d y ' s  r hy thm can p r e p a r e  a l i s t e n e r  f o r  a f i n a l  

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

c o n t e x t  can i n f l u e n c e  d u r a t i o n  j u d g m e n t s .  By s y s t e m a t i c a l l y  v i o l a t i n g  

the  r e l a t i o n s h i p  be t ween  m e l o d i c  and t e mpor a l  a c c e n t s  and t h e  b e a t  

p e r i o d  be t ween  a c c e n t s ,  a l i s t e n e r  was l e d  t o  e x p e c t  a m e l o d y ' s  e n d i n g  

b e f o r e  o r  a f t e r  i t  o c c u r r e d .  T h i s  c o r r e s p o n d i n g l y  gave r i s e  t o  under
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and o v e r e s t  imat  i ons  o-f j u d g e d  d u r a t i o n .

These  -five e x p e r i m e n t s  c o l l e c t i v e l y  s u p p o r t  p r e d i c t i o n s  o-f t he  

E x p e c t a n cy  Mode l .  L i s t e n e r s  e x p e c t  t h e  p r e s e n c e  o-f c e r t a i n  s t r u c t u r a l  

i n v a r i a n t s  and use  t h i s  i n v a r i a n t  i n f o r m a t i o n  t o  a n t i c i p a t e  an e v e n t ' s  

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

a c c o r d i n g l y .  Th es e  r e s u l t s  s e r v e  t o  q u e s t i o n  t h e  u t i l i t y  of  

i n f o r m a t i o n - p r o c e s s i n g  m o d e l s .  In each  c a s e ,  t h e s e  mo de l s  p r e d i c t e d  

t h a t  v i o l a t i o n s  of  e s t a b l i s h e d  c o n v e n t i o n s  would  i n c r e a s e  c o m p l e x i t y  

and p r o c e s s i n g  demands ,  and hence  j u d g e d  d u r a t i o n .  However ,  i t  was  

found  t h a t  v i o l a t i o n s  of  c e r t a i n  i n v a r i a n t s  c r e a t e d  b o t h  o ve r  and 

u n d e r e s t  imat  i ons  of  j u d g e d  d u r a t i o n .  Thes e  f i n d i n g  r e i n f o r c e  t h o s e  

c r i t i c i s m s  t h a t  were  p r e v i o u s l y  a d d r e s s e d  t o  t he

i n f o r m a t i o n - p r o c e s s i n g  a p p r o a c h .  In p a r t i c u l a r ,  we can o b s e r v e  the  

p r o b l e m s  e n c o u n t e r e d  when c o m p l e x i t y  i s  d e f i n e d  r e l a t i v e  t o  a me n t a l  

code in l i e u  o f  s t r u c t u r a l  i n v a r i a n t s  w i t h i n  an e n v i r o n m e n t a l  e v e n t .

Given t h e s e  s e t s  o f  e x p e r i m e n t a l  f i n d i n g s ,  can t h e y  in any way 

c l a r i f y  t h e  c o n f l i c t i n g  n a t u r e  of  t h e  c u r r e n t  l i t e r a t u r e ?  P o s s i b l y ,  

y e s .  S i n c e  mos t  r e s e a r c h e r s  have i g n o r e d  t h e  impact  of  r hy t hm upon 

b e h a v i o r ,  t h i s  v a r i a b l e  may have  been  c o n f ou n d e d  w i t h  t he  s p a t i a l  

a r r a n g e m e n t  of  s t i m u l u s  i t e m s .  For  e x ampl e ,  Sc h i f fm a n  & Bobko <1974) 

have found  t h a t  an o r d e r l y  s p a t i a l  a r r a n g e m e n t  o f  l i n e s  a r e  j u d g e d  

s h o r t e r  t h a n  a more h a p h a z a r d  a r r a n g e m e n t .  P o y n t e r  ( 1 9 8 3 ) ,  on t he  

o t h e r  ha n d ,  h a s  found  t h e  o p p o s i t e  e f f e c t .  I t  may t h e r e f o r e  be t he  

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

d i f f e r e n t i a l  e x p e c t a n c i e s  a bou t  when t h a t  e v e n t  wou ld  end .  P e r h a p s
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P o y n t e r ' s  r h y t h m l e d  p e r c e i v e r s  t o  a n t i c i p a t e  t he  e n d i n g  a f t e r  i t  

r e a l l y  o c c u r r e d  w h i l e  S ch i f f ma n  & B o b ko ' s  rhy thm i nduc ed  an 

e a r l  i e r - t h a n - e x p e c t e d  e n d i n g .  S i m i l a r l y ,  ■ ‘ !,er a n o m a l i e s  can 

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

of  e x p e r i m e n t a l  s t i m u l i  and how t h i s  s t r u c t u r e  may c r e a t e  e x p e c t a n c i e s  

of  e v e n t  c o m p l e t i o n .

To summa r i z e ,  we have c o n s i d e r e d  v a r i o u s  ways  in which  t he  

E x p e c t a n c y  Model o f  j u d g e d  d u r a t i o n  may p r ove  s u p e r i o r  t o  e x i s t i n g  

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

e n v i r o n m e n t  t h a t  i s  p e r c e i v e d  t h r o u g h  s y n c h r o n i z a t i o n ,  we have 

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

p h i l o s o p h i c a l  n o t i o n  of  r e c i p r o c i t y .  T h i s  r e l a t i o n s h i p  of  

p e r c e i v e r - w o r l d  r e c i p r o c i t y  a l s o  s p e c i f i e s  t h e  u s age  of  e c o l o g i c a l l y  

v a l i d  s t i m u l i  b e c a u s e  t he  p e r c e p t i o n  o f  o n e ' s  w o r l d  o n l y  o c c u r s  

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

which  have emer ged .  F i n a l l y ,  t he  e x p e r i m e n t a l  s u p p o r t  t h a t  h a s  been 

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

w i t h i n  an e v e n t ' s  s t r u c t u r e .

A l t h o u g h  t he  E x p e c t a n c y  Model d o e s  seem t o  p r o v i d e  t h e s e  c i t e d  

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

s h o r t c o m i n g s .  In t h e  n e x t  s e c t i o n ,  we w i l l  examine some p r ob l e m s  

c o n c e r n i n g  c o n v e r g i n g  o p e r a t i o n s  and p a s t  or  remembered t i m e .



261

D e f i c i e n c i e s  of  the  Expec t ancy  Model 

A Need -for Conve r g i ng  O p e r a t i o n s

A c c o r d i n g  t o  s c i e n t i f i c  c o n v e n t i o n ,  any new t h e o r y  of  b e h a v i o r  

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

h y p o t h e s e s  mus t  be e v a l u a t e d  over  a r ange  of  t a s k s  and s t i m u l i  in 

o r d e r  t o  r u l e  ou t  any a l t e r n a t i v e  e x p l a n a t i o n s .  At  t h i s  p o i n t ,  t h i s  

ha s  no t  y e t  been a c h i e v e d  w i t h i n  t h i s  d i s s e r t a t i o n .

In t he  f i v e  e x p e r i m e n t s  t h a t  were  c o n du c t e d  h e r e ,  t he  c o mp a r a t i ve  

d u r a t i o n  t a s k  was a l ways  us ed  in c o n j u n c t i o n  w i t h  t he  p r o s p e c t i v e  

pa r ad i gm ( i n f o r m i n g  s u b j e c t s  t h a t  t ime j udgme n t s  w i 11 be l a t e r  

r e q u i r e d ) .  The main r e a s o n  f o r  t h i s  s t r a t e g y  was t o  e s t a b l i s h  

c o n t i n u i t y  ove r  t he  v a r i o u s  e x p e r i m e n t s ,  p a r t i c u l a r l y  s i n c e  t h e se  

s o r t s  o f  e x p e r i m e n t a l  m a n i p u l a t i o n s  have no t  been p r e v i o u s l y  

c o n d u c t e d .  By u s i n g  t he  same t a s k  a c r o s s  s t u d i e s ,  r e s u l t s  c o u l d  be 

a t t r i b u t e d  t o  m a n i p u l a t i o n s  o f  e v e n t  s t r u c t u r e  and no t  t o  t a s k  

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

when one i s  d e v e l o p i n g  a novel  t h e o r y ,  i t  i s  a l s o  t r u e  t h a t  r e s u l t s  

may be c o n t a m i n a t e d  by r e s p o n s e  or  t a s k  b i a s .  T h a t  i s ,  s u b j e c t s  were 

a s ked  t o  j udge  t he  d u r a t i o n  of  two e v e n t s  t h a t  a l ways  c o n t a i n e d  the  

same p h y s i c a l  d u r a t i o n .  Wi th such i n s t r u c t i o n s ,  the  e x p e r i m e n t e r  i s  

imp l y i ng  t h a t  r e a l  t ime d i f f e r e n c e s  e x i s t  when in f a c t  t h e y  d o n ' t .

Thus  in t he  c o u r s e  of  t he  e x p e r i m e n t ,  t he  s u b j e c t  may c o n s c i o u s l y  

adopt  an a r t i f i c i a l  r e s p o n s e  mode t o  p l e a s e  t he  e x p e r i m e n t e r ,  

p a r t i c u l a r l y  i f  one does  n o t  h ea r  any r e a l  t ime d i f f e r e n c e s .  For  

example ,  one may d e c i d e  t o  r e s p o nd  ’ l o n g e r "  g i ve n  p a t t e r n  X, " s h o r t e r "
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g iv e n  p a t t e r n  Y, and "same" g i v e n  p a t t e r n  Z.  I f  s o ,  t hen  we have n o t  

s t u d i e d  e f f e c t s  o f  e x p e c t a n c i e s  upon j u d g e d  d u r a t i o n  a t  a l l ,  bu t  

i n s t e a d ,  e f f e c t s  o f  e x p e r i m e n t a l  demand.

A l t h ou gh  t h i s  p o s s i b i l i t y  e x i s t s ,  t h e r e  a r e  a t  l e a s t  two 

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

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

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

a dop t  t he  same s t r a t e g y .  For  e x a m p l e ,  some s u b j e c t s  s h o u l d  l a b e l  

p a t t e r n  X a s  " l o n g e r "  w h i l e  o t h e r s  s h o u l d  l a b e l  i t  a s  " s h o r t e r "  or  the  

" s a me” . One s h o u l d  t h u s  o b t a i n  an anomalous  s e t  o f  r e s u l t s  w i t h o u t  

any s i g n i f i c a n t  main  e f f e c t s  or  i n t e r a c t i o n s .  However ,  t h e s e  s o r t s  of  

a n o m a l i e s  were  n e v e r  o b s e r v e d .  R e s u l t s  were  r o b u s t  and d i s p l a y e d  

l i t t l e  v a r i a b i l i t y .  In  a d d i t i o n ,  we found  l a wf u l  i n t e r a c t i o n s  of  

s t r u c t u r a l  i n v a r i a n t s  w i t h  j u d g e d  d u r a t i o n .  Some m e l o d i e s  were 

o v e r e s t i m a t e d  in d u r a t i o n  w h i l e  o t h e r s  were  u n d e r e s t i m a t e d .  Most  

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

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

3 and 4 ) .  I t  i s  n o t  c l e a r  how r e s p o n s e  b i a s  c o u l d  e x p l a i n  t h e s e  

l a wf u l  and c o n s i s t e n t  i n t e r a c t i o n s .

A l t h o u g h  one can a r g u e  t h a t  r e s p o n s e  b i a s  may n o t  have o c c u r r e d  

h e r e ,  i t  i s  n e v e r t h e l e s s  e s s e n t i a l  t h a t  r e s u l t s  be r e p l i c a t e d  w i t h  

d i f f e r e n t  t a s k s .  For  e x a m p l e ,  t he  p r e s e n t  s e t  o f  e x p e r i m e n t a l  

m a n i p u l a t i o n s  c o u l d  be implemen ted  in a r e p r o d u c t i o n  t a s k .  A s u b j e c t  

wou ld  be p r e s e n t e d  w i t h  some p a t t e r n  and t he n  a s k e d  t o  r e p r o d u c e  i t s  

d u r a t i o n  by d e p r e s s i n g  a b u t t o n  f o r  a g i v e n  d u r a t i o n .  S e c o n d l y ,  one
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c o u l d  d e v i s e  a mo t o r  e x t r a p o l a t i o n  t a s k  l i k e  t h o s e  u s e d  in t he  

" t  i m e - t o - c o l  1 i s i  on" l i t e r a t u r e  (Todd 1981;  S c h i f f  Sc D e t w i l e r  1979) .

For  e x a m p l e ,  r e c a l l  t h e  m e l o d i e s  of  E x pe r i me n t  F i v e  where  t h e  b e a t  

p e r i o d  be t ween  a c c e n t s  was v a r i e d  a s  w e l l  a s  t he  t empora l  a c c e n t i n g  of  

m a j o r  c h o r d  members .  C o n c e i v a b l y ,  one c o u l d  p r e s e n t  o n l y  t he  f i r s t  

t h r e e  b e a t  p e r i o d s  of  t h e s e  m e l o d i e s  and t h e n  r e q u i r e  s u b j e c t s  t o  

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

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

i n f o r m a t i o n ,  b u t  h e r e  we wou ld  a l s o  be e x am i n i n g  t h e  e f f e c t  of  rhy thm 

upon " t i m e  t o  c o m p l e t i o n " .  L a s t l y ,  a t h i r d  s o r t  of  t a s k  t h a t  c o u l d  be 

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

s u b j e c t  would  be g i v e n  a p a i r  of  m e l o d i e s  f o r  some s o r t  of  i n c i d e n t a l  

t a s k  such  a s  p e r c e p t u a l  r a t i n g s .  A f t e r  t h e  me lody ha s  been p l a y e d ,  

o n l y  t he n  would  t h e  s u b j e c t s  be a s k e d  f o r  a c o m p a r a t i v e  d u r a t i o n  

j u d g m e n t .  In a l l  t h r e e  t a s k s  t h a t  were  m e n t i o n e d ,  r e s u l t s  s h o u l d  

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

t a s k .  I f  n o t ,  t h e n  c r i t i c i s m s  o f  r e s p o n s e  b i a s  may in f a c t  be v a l i d  

f o r  t h e  p r e s e n t  s e t  o f  e x p e r i m e n t s .

In a d d i t i o n  t o  s e e k i n g  c o n v e r g i n g  o p e r a t i o n s  t h ro u gh  d i f f e r e n t i a l  

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

w i t h  d i f f e r e n t  s o r t s  of  e x p e r i m e n t a l  s t i m u l i .  To v e n t u r e  o u t s i d e  the 

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

e x p e c t a n c i e s  in s p e e c h  and v i s u a l  s c e n e s .  As m e n t i o n e d  e a r l i e r ,  t he  

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

and p a t t e r n  r e s o l u t i o n  a l l  o c c u r  w i t h i n  l a n g u a g e  b e h a v i o r .  S i m i l a r l y ,
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t h e r e  i s  some r e s e a r c h  s u g g e s t i n g  t h a t  e x p e c t a n c i e s  e x i s t  w i t h i n  

v a r i o u s  s o c i a l  s i t u a t i o n s  <eg.  Goffman 1959;  Schank & Abe l s on  1977) .  

When e n t e r i n g  a r e s t a u r a n t ,  -for e x a m p l e ,  t h e r e  i s  a p a r t i c u l a r  

s e q u e n c e  o f  e v e n t s  t h a t  i s  e x p e c t e d  t o  o c c u r  in a g i ve n  o r d e r  (Schank 

& Abe I s on  1 9 7 7 ) .  One c o u l d  t h u s  v i o l a t e  t h e s e  e x p e c t a n c i e s  and 

examine  t h e i r  e f f e c t  upon j u d g e d  d u r a t i o n .  A c t u a l l y ,  t he  m a k e r s  of  

■Candid Camera" have  a l r e a d y  p r e p a r e d  t h i s  s o r t  of  e x p e r i m e n t a l  

s t i m u l i  -  i t  s i m p l y  n e e d s  t o  be u s e d  in a l a b o r a t o r y  s i t u a t i o n .  

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

g r e a t e r  g e n e r a l i z a b i 1 i t y  of  t h e  p r e s e n t  s e t  o f  r e s u l t s .

In summary,  i t ' s  acknowl e dged  t h a t  t h e  c u r r e n t  deve l op me n t  o f  t he  

E x p e c t a n c y  Model may be f ou nd ed  upon e x p e r i m e n t s  r e f l e c t i n g  r e s p o n s e  

o r  t a s k  b i a s .  A l t h ou gh  t h e r e  a r e  i n d i c a t i o n s  t h a t  t h e s e  s o r t s  of  

e f f e c t s  were  a b s e n t  h e r e ,  i t  i s  n e v e r t h e l e s s  e s s e n t i a l  t o  seek  

c o n v e r g i n g  o p e r a t i o n s .  A p a r t  f rom t h e  i s s u e  of  r e s p o n s e  b i a s ,  

h o w e v e r ,  t h e r e  i s  a n o t h e r  p o t e n t i a l  d e f i c i e n c y  w i t h i n  t he  E x p e c t a n c y  

Model .  I t  c o n c e r n s  t h e  i s s u e  o f  remembered t i m e .

Remembered D u r a t i o n

In a p r e v i o u s  s e c t i o n ,  we c i t e d  s e v e r a l  r e a s o n s  why t he  

E x p e c t a n c y  Model seemed s u p e r i o r  t o  e x i s t i n g  mo d e l s  of  j u d g e d  

d u r a t i o n .  One a d v a n t a g e  i n v o l v e d  t he  c o n c e p t  of  f u t u r e  t i me  -  

s i t u a t i o n s  where  a p e r c e i v e r  can a n t i c i p a t e  when an e v e n t  w i l l  end .

We saw how t h e  E x p e c t a n c y  Model c o u l d  e x p l a i n  t h e s e  a c t i v i t i e s  t h r ou g h  

t h e  n o t i o n s  o f  s y n c h r o n y  and e x p e c t a n c y .  On the  o t h e r  h a nd ,  i t  i s  

t r u e  t h a t  t he  E x p e c t a n c y  Model e n c o u n t e r s  some d i f f i c u l t y  w i t h  the
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c o n c e p t  o f  “p a s t  t i m e " .  T h a t  i s ,  "What p r o c e s s e s  a r e  i n v o l v e d  in t he  

r eme mber i ng  of  some t i me  i n t e r v a l  and when w i l l  p e r c e i v e d  d u r a t i o n  

d i f f e r  f rom remembered d u r a t i o n ? "

These  q u e s t i o n s  a r e  e a s i l y  a ns wer ed  w i t h i n  t he  

I n f o r m a t i o n - P r o c e s s i n g  A p p r oa c h .  The e x p e r i e n c e  o f  nowness ,  namely 

p e r c e i v e d  t i m e ,  i s  a s s o c i a t e d  w i t h  t he  c o n t e n t s  of  s h o r t - t e r m  memory 

w h i l e  r emembered  t ime i s  a s s o c i a t e d  w i t h  l o n g - t e r m  memory.  F u r t h e r ,  

p e r c e i v e d  and r emembered  d u r a t i o n  may n o t  a l wa y s  c o r r e s p o n d  b e c a u s e  

e l a b o r a t i o n  p r o c e s s e s  can o c c u r  w i t h i n  l o n g - t e r m  memory.  For  exampl e ,  

some have n o t e d  t h a t  a " fun"  a c t i v i t y  seems s h o r t  in p a s s i n g  b u t  l ong  

in memory.  C o n v e r s e l y ,  a b o r i n g  a c t i v i t y  seems l o n g  in p a s s i n g  b u t  

s h o r t  in r e t r o s p e c t .  P r e s uma b l y  t h e  r e a s o n  f o r  t h e s e  d i s c r e p a n c i e s  in 

p a s t  t ime i s  t h a t  f un  e x p e r i e n c e s  have a  more e n r i c h e d  memor ia l  

r e p r e s e n t a t i o n  t h a n  b o r i n g  e x p e r i e n c e s  and hence  c o n t a i n  more 

i n f o r m a t i o n  on which  t o  c o n s t r u c t  a t ime j u d g m e n t .  In s h o r t ,  t he  

i n f o r m a t i o n - p r o c e s s i n g  a p p r oa c h  e n c o u n t e r s  no d i f f i c u l t i e s  w i t h  t he  

c o n c e p t  o f  p a s t  t i m e .

A c c o r d i n g  t o  t h e  E x p e c t a n c y  M o d e l , howeve r ,  i t  i s  no t  c l e a r  how 

t h e  r emember i ng  o f  an e v e n t ' s  d u r a t i o n  o c c u r s .  B e f o r e  I make an 

a t t e m p t  t o  e x p l a i n  t h i s ,  l e t  me f i r s t  p o i n t  ou t  some m e t h o d o l o g i c a l  

p r o b l e m s  t h a t  e x i s t  w i t h i n  t he  c u r r e n t  l i t e r a t u r e  on remembered t i m e .  

I t  seems  t o  me t h a t  one s h o u l d  be aware of  t h e s e  p r o b l e m s  b e f o r e  

s p e c u l a t i n g  a b o u t  t he  n a t u r e  of  " p a s t  t i m e " .

Whi le  r e v i e w i n g  the  v a r i o u s  m e t h o d o l o g i c a l  p r o c e d u r e s  in c u r r e n t  

u s e ,  we n o t e d  t h a t  " p e r c e i v e d  t i me"  i s  s t u d i e d  w i t h  t h e  p r o s p e c t i v e
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parad i gm w h i l e  “remembered t ime"  i s  t y p i c a l l y  s t u d i e d  w i t h  t he  

r e t r o s p e c t i v e  p a r ad i g m .  In t he  -former,  s u b j e c t s  a r e  in-formed be-fore 

t he  e x p e r i m e n t  t h a t  t ime j udgme n t s  w i l l  be r e q u i r e d ,  w h i l e  in t he  

l a t t e r  t ime j u d g m e n t s  a r e  o b t a i n e d  a - f t e r  s u b j e c t s  have per-formed some 

s o r t  o-f i n c i d e n t a l  t a s k .  In t he  r e t r o s p e c t i v e  c a s e  t he n  o n l y  one t ime 

judgment  pe r  s u b j e c t  can be o b t a i n e d ,  which o b v i o u s l y  c r e a t e s  p rob lems  

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

however ,  t h e r e  i s  a p o t e n t i a l  p rob lem in e q u a t i n g  t h e s e  two pa rad i gms  

w i t h  p r e s e n t  and p a s t  t i m e .  T h a t  i s ,  t he  r e t r o s p e c t i v e  pa r ad i gm i s  

con-founded w i t h  q u e s t i o n a b l e  e-f-fects o-f i n c i d e n t a l  i n s t r u c t i o n s .  

Al t hough  t he  n a t u r e  and demands o-f t he  i n c i d e n t a l  t a s k  a r e  c o n s i d e r e d  

t o  be i n d e pe n d e n t  o-f t he  d u r a t i o n  j u d gm e n t s ,  t h i s  c l a i m  i s  an 

e x p e r i m e n t a l  q u e s t i o n  t h a t  has  n e v e r  been a d d r e s s e d .  I t  may in f a c t  

be t he  c a s e  t h a t  an i n c i d e n t a l  t a s k  r e q u i r i n g  a c t i v e  s u b j e c t  

invo l vemen t  <eg.  t r a c k i n g )  v e r s u s  more p a s s i v e  invo l vement  <eg.  

p l e a s a n t n e s s  r a t i n g s )  w i l l  p roduce  a v e r y  d i f f e r e n t  s o r t  of  t ime 

j u d g m e n t .  F u r t h e r ,  how do we know t h a t  t he  memory f o r  a p a s t  e v e n t  i s  

t h e  same f o r  s u b j e c t s  who e i t h e r  know or  d o n ' t  know t h a t  such a memory 

judgment  w i l l  be l a t e r  r e q u i r e d ?  T h i s  a g a i n  i s  an e x p e r i m e n t a l  i s s ue  

t h a t  n e e d s  t o  be i n v e s t i g a t e d .  In s h o r t ,  1 t h i n k  t h e r e  a r e  a v a r i e t y  

of  e x p e r i m e n t s  t h a t  need t o  be done b e f o r e  one can assume t h a t  p a s t  

t ime can be s t u d i e d  w i t h  t he  r e t r o s p e c t i v e  pa r ad i gm.

Assuming t h a t  t h e s e  p r ob l e ms  can be r e s o l v e d ,  how mi gh t  the  

c o n c e p t s  of  s y n c h r on y  and e x p e c t a n c y  schemes a p p l y  t o  remembered 

d u r a t i o n ?  In he r  t h e o r y  of  Rhythmic A t t e n d i n g ,  J o n e s  <l ?81b)  has
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s u g g e s t e d  t h a t  r emember ing  i s  an a c t i v i t y  t h a t  i n v o l v e s  " a t t e n d i n g  

backward in t i m e " .  A l t hough  she ha s  neve r  r e a l l y  d e v e l o p e d  t h i s  i d e a ,  

the  main t h r u s t  i s  t h a t  t he  s t r u c t u r a l  i n v a r i a n t s  o-f e v e n t s  a r e  

i n t e r n a l i z e d  w i t h i n  e x p e a c t a n c y  schemes .  J u s t  a s  t h e s e  schemes  can 

g u i de  a t t e n d i n g  -forward in t ime -for p e r c e i v i n g ,  t h e y  can a l s o  guide  

r emember i ng  in p a s t  t i m e .  A c c o r d i n g  t o  t h i s  view t h e n ,  p e r c e i v i n g  and 

r emember ing a r e  v e r y  s i m i l a r  a c t i v i t i e s  -  r emember ing i s  s im p l y  a 

r e c a p i t u l a t i o n  o-f t he  o r i g i n a l  a c t  o-f a t t e n d i n g .  Given t h a t  an 

e v e n t ' s  s t r u c t u r e  a-f-fords e- f - fect ive synch r ony  d u r i n g  p e r c e i v i n g ,  t he  

e v e n t ' s  s t r u c t u r e  s h o u l d  a l s o  be a c c u r a t e l y  r emembered.  S i m i l a r l y ,  an 

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

bo th  p e r c e p t i o n  and memory p e r f o r m a n c e .

In g e n e r a l ,  t h e n ,  t he  Ex p e c t a n c y  Model mi gh t  p r e d i c t  t h a t  t he  

p i c kup  of  t empora l  s t r u c t u r e  d u r i n g  p e r c e i v i n g  w i 11 a l s o  be us ed  in 

r emember i ng .  For  example ,  a p a t t e r n  whose s t r u c t u r e  c o n f i r m s  our  

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

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

a l s o  be a c c u r a t e l y  r emembered.

Suppose ,  however ,  t h a t  we a r e  a s ke d  t o  remember t he  d u r a t i o n  of  

m e l o d i e s  which end b e f o r e  or  a f t e r  t h e y  a r e  e x p e c t e d  ( i e .  m e l o d i e s  of  

E x p e r i m e n t s  3 - 5 ) .  Al t hough  t h e s e  p a t t e r n s  were under  or  

o v e r e s t i m a t e d  in d u r a t i o n  a t  t he  t ime of  p e r c e p t i o n ,  w i l l  t h e s e  same 

j udgme n t s  be r e v e a l e d  in t he  r emember ing of  some t ime i n t e r v a l ?  They 

may bu t  a n o t h e r  p o s s i b i l i t y  e x i s t s .  S p e c i f i c a l l y ,  i f  one i s  g i ve n  

f e e d ba c k  t h a t  the  e v e n t  was in f a c t  over  or  u n d e r e s t i m a t e d  a t  t he  t ime
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o-f p e r c e i v i n g ,  t h e n  one may i n c o r p o r a t e  t h i s  -feedback knowledge  i n t o  

t h e  e x p e c t a n c y  scheme .  Thus  a t  t h e  t ime o-f r e me mb e r i n g ,  t h e  p a t t e r n ' s  

a c t u a l  d u r a t i o n  may be r emembered and n o t  t he  e r r o r  < i e .  o ve r  or  

u n d e r e s t i m a t i o n ) .  In t h i s  c a s e ,  one would  e x p e c t  a memory judgment  

t h a t  i s  o p p o s i t e  t o  t h e  p e r c e p t u a l  j udgment  ( i e .  I f  a p a t t e r n  seems 

p e r c e p t u a l l y  s h o r t e r ,  t h e n  i t  w i l l  seem l o n g e r  in p a s t  t ime b e c a u s e  of  

t h e  f e e d b a c k  c o r r e c t i o n ) .

The s o r t s  of  h y p o t h e s e s  t h a t  a r e  o f f e r e d  h e r e  a r e  a d m i t t e d l y  

u n d e r d e v e l o p e d  and in n e e d  o f  e x p e r i m e n t a l  s u p p o r t .  In g e n e r a l ,  t he  

E x p e c t a n c y  Model i s  d e f i c i e n t  on t h e  t o p i c  o f  memory l a r g e l y  be c a use  

t h e  t h e o r i e s  on whi ch  t h i s  model i s  f ounde d  i s  a l s o  weak on t h i s  

i s s u e .  Both D i r e c t  and Rhythmic A t t e n d i n g  T h e o r y ,  f o r  e xampl e ,  have 

e s s e n t i a l l y  i g n o r e d  t h e  a c t i v i t y  o f  r e me mb e r i ng .  I t  i s  r e c o g n i z e d ,  

howeve r ,  t h a t  any a l t e r n a t i v e  t h e o r y  of  j u d g e d  d u r a t i o n  mus t  have some 

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

In summary,  we have n o t e d  t h a t  d e s p i t e  i t s  a d v a n t a g e s ,  t he  

c u r r e n t  d e ve l op me n t  of  t h e  E x p e c t a n c y  Model i s  d e f i c i e n t  in two a r e a s .  

One c o n c e r n s  i t s  i n a d e q u a t e  t r e a t m e n t  of  t h e  " p a s t  t i me"  i s s u e  and the  

o t h e r  i n v o l v e s  i t s  l a c k  of  c o n v e r g i n g  o p e r a t i o n s .  N e i t h e r  p r ob l em i s  

i n s u r m o u n t a b l e ,  howe ve r ,  and can be r e s o l v e d  w i t h  f u t u r e  

e x p e r  i m e n t a t  i o n .

Now t h a t  w e ' v e  c o n s i d e r e d  some o f  t he  a c h i e v e m e n t s  and 

s h o r t c o m i n g s  of  t h e  E x p e c t a n c y  Ap pr oa c h ,  l e t  u s  t u r n  t o  a f i n a l  i s s u e  

t h a t  I wi s h  t o  a d d r e s s .  In t he  c l o s i n g  s e c t i o n  o f  t h i s  d i s c u s s i o n ,

I ' d  l i k e  t o  c o n s i d e r  how the  Ex p ec t a n cy  Model t h a t  I ' v e  d e v e l o p e d  h e r e
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may a p p l y  t o  o t h e r  a r e a s  o-f t i me  e x p e r i e n c e .  Thes e  a r e a s  e x i s t  on the  

p e r i p h e r y  o-f c u r r e n t  r e s e a r c h  and have n o t  y e t  been i n c o r p o r a t e d  i n t o  

one e n c o m p a s s i n g  t h e o r y  o-f j u d g e d  d u r a t i o n .  He r e ,  howeve r ,  i t  w i l l  be 

shown t h a t  t h e  c o n c e p t s  o-f s yn c h r o n y  and e x p e c t a n c y  can succes s - fu l  1 y 

e x p l a i n  t he  s o r t s  o-f t i me  e r r o r s  t h a t  a p p e a r  w i t h  boredom,  d rug  u s a g e ,  

and p e r s o n a l i t y  d i s t u r b a n c e s .  Le t  us  now examine how t h i s  i s  s o .  

A p p l i c a t i o n s  o-f t h e  E x p e c t a n c y  Model t o  O t he r  A r e a s  o-f Time R e s ea r ch

A c c o r d i n g  t o  t he  a s s u m p t i o n s  o-f t he  E x p e c t a n c y  Model ,  t he  p i c kup  

o-f t e mpor a l  s t r u c t u r e  i n v o l v e s  a p r o c e s s  o-f s y n c h r o n i z a t i o n  where  a 

p e r c e i v e r ' s  i n t e r n a l  r h y t h m s  loc k  i n t o  p has e  w i t h  t he  r h y t h m i c  

s t r u c t u r e  o f  an e v e n t .  D u r a t i o n  e s t i m a t e s  a r e  p r e d i c t e d  t o  be q u i t e  

a c c u r a t e  wheneve r  an e v e n t ' s  s t r u c t u r e  c o n f i r m s  a p e r c e i v e r ' s  

e x p e c t a n c i e s .  From t h i s  p e r s p e c t i v e ,  t h e n ,  d u r a t i o n  e s t i m a t e s  depend 

upon t h e  r e  1 a t  i o n s h i p  be t ween  an o r ga n i s m and h e r  e n v i r on me n t  and the  

r e l a t i v e  d e g r e e  o f  s y n c h r o n i z a t i o n .  S i n c e  s y n c h r o n i z a t i o n  does  

i n v o l v e  an i n t e r l o c k i n g  of  o r g a n i s m i c  and e n v i r o n m e n t a l  r h y t h m s ,  i t  

t h e r e f o r e  f o l l o w s  t h a t  e r r o r s  of  j u d g e d  d u r a t i o n  s h o u l d  a r i s e  f rom two 

g e n e r a l  s o u r c e s :  a)  a l t e r a t i o n s  in t h e  s t r u c t u r e  of  an e n v i r o n m e n t a l  

e v e n t  a nd ,  b)  a l t e r a t i o n s  in t h e  o r g a n i s m ' s  i n t e r n a l  r h y t h m s .

The e x p e r i m e n t s  t h a t  were  c o n d u c t e d  f o r  t h i s  d i s s e r t a t i o n  have 

a l l  a d d r e s s e d  t h e  f i r s t  c a t e g o r y  of  e r r o r s .  Here we a t t e m p t e d  t o  

i d e n t i f y  some s t r u c t u r a l  i n v a r i a n t s  t h a t  s p e c i f y  a m e l o d y ' s  e n d .  These  

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

i n v a r i a n c e  o f  a c c e n t  p e r i o d s ;  and t he  t e mpora l  a c c e n t i n g  of  c e r t a i n  

m e l o d i c  r e l a t i o n s h i p s .  By s y s t e m a t i c a l l y  v i o l a t i n g  t h e s e  s t r u c t u r e s ,
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we -found t h a t  an e v e n t ' s  d u r a t i o n  was c o r r e s p o n d i n g l y  ove r  or  

u n d e r e s t i m a t e d .  The p r i m a r y  c o n t r i b u t i o n  of  t h i s  r e s e a r c h  was t o  show 

t h a t  s t r u c t u r a l  r e l a t i o n s h i p s  w i t h i n  t he  e nv i ronmen t  do have a ma jor  

impact  upon j u d g e d  d u r a t i o n .  The f o l l o w i n g  s e c t i o n  c o n s i d e r s  how over  

and u n d e r e s t i m a t i o n s  of  d u r a t i o n  may a l s o  r e s u l t  f rom c ha nge s  in a 

p e r c e i v e r ' s  i n t e r n a l  r hy t hms .

Time E r r o r s  A r i s i n g  From Chanoes  in Oroan i smi c  Rhythms

In t h i s  c a t e g o r y  of  t ime e x p e r i e n c e ,  the  s t r u c t u r e  of  

e n v i r o n m e n t a l  e v e n t s  h a s n ' t  n e c e s s a r i l y  changed t o  c r e a t e  v i o l a t i o n s  

of  e x p e c t a n c i e s .  I n s t e a d ,  c e r t a i n  p s y c h o l o g i c a l  or  p ha r ma c o l o g i c a l  

a g e n t s  have s e r v e d  t o  s peed  up o r  s low down t he  v e l o c i t y  o f  an 

o r g a n i s m ' s  i n t e r n a l  r h y t h m s .  Thus  r e l a t i v e  t o  t he  v e l o c i t y  of  

e n v i r o n m e n t a l  e v e n t s ,  an o r g a n i s m ' s  r hy t hms  w i l l  be moving f a s t e r  or  

s l o we r  -  t h u s  r e s u l t i n g  in ove r  and u n d e r e s t i m a t i o n s  of  d u r a t i o n .  For

e x ampl e ,  c o n s i d e r  a melody whose a c t u a l  d u r a t i o n  i s  t e n  m i n u t e s .  

Assuming t h a t  t h i s  melody c onf o r ms  t o  m u s i c a l  c o n v e n t i o n  and c o n t a i n s  

t h e  s o r t  o f  i n v a r i a n t s  we d i s c u s s e d  e a r l i e r  ( i e .  b e a t  i n v a r i a n c e ,  

r e s o l u t i o n ,  e t c ) ,  one s h o u l d  a c c u r a t e l y  p e r c e i v e  t h i s  m e l o d y ' s  

d u r a t i o n  d u r i n g  s t a t e s  of  "normal "  c o n s c i o u s n e s s .  However ,  suppose  

t h a t  o n e ' s  i n t e r n a l  r hy t hms  a r e  s peeded  up by d r ug s  or  c e r t a i n  

p e r s o n a l i t y  d i s t u r b a n c e s .  He r e ,  one i s  a n t i c i p a t i n g  the  m e l o d y ' s  end 

b e f o r e  i t  a c t u a l l y  o c c u r s .  R e l a t i v e  t o  o n e ' s  e x p e c t a t i o n s ,  t h e n ,  the  

melody ends  l a t e r  t han  i t  s h o u l d  and t h u s  seems l o n g e r  in d u r a t i o n .

In s h o r t ,  t he  e nv i ro n m e n t  seems t o  be moving s l owe r  t han  you a r e .  The

o p p o s i t e  e f f e c t  s h o u l d  be o b t a i n e d  i f  o n e ' s  i n t e r n a l  r hy thms  a r e



271

s l owed  down.  One i s  now a n t i c i p a t i n g  t h e  m e l o d y ' s  end  a f t e r  i t  r e a l l y  

o c c u r s  and s i n c e  t h e  me lody  e n d s  b e f o r e  e x p e c t e d ,  i t s  d u r a t i o n  i s  

u n d e r e s t i m a t e d .  In t h i s  s i t u a t i o n  t h e n ,  t he  e n v i r o n m e n t  a p p e a r s  t o  be 

moving  f a s t e r  t ha n  you a r e .

T h e r e  a c t u a l l y  i s  a s u b s t a n t i a l  body of  r e s e a r c h  t o  s u p p o r t  t h e s e  

c l a i m s .  S t i m u l a n t  and p s y c h e d e l i c  d r u g s  ( i e .  m a r i j u a n a ,  LSD, 

c a f f e i n e ,  and amp h e t a mi n e s )  have  a l l  been f ou n d  t o  p r oduce  

o v e r e s t i m a t i o n s  of  d u r a t i o n  ( e g .  F i s c h e r  1966;  F r a n k e n h a u s e r  1959) .  

D e p r e s s a n t  d r u g s  ( i e ,  n i t r o u s  o x i d e ,  a l c o h o l ,  b a r b i t u a t e s ) , on the  

o t h e r  h a n d ,  a l l  p r od u c e  u n d e r e s t i m a t i o n s  o f  an e v e n t ' s  d u r a t i o n  ( e g .  

F r a n k e n h a u s e r  1959;  G o l d s t o n e ,  Broadman it Lhamon 1 9 5 8 ) .  In a d d i t i o n  to  

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

s e r v e  t o  a l t e r  an o r g a n i s m ' s  r h y th ms  and t o  p r od uc e  c o r r e s p o n d i n g  

e f f e c t s  upon j u d g e d  d u r a t i o n .  P a i n ,  s t r e s s ,  and a n x i e t y ,  f o r  example ,  

may a l l  a c t  t o  a c c e l e r a t e  o n e ' s  i n t e r n a l  r h y t h m s  t o  p r oduce  

o v e r e s t i m a t i o n s  o f  t i me  ( e g .  Hare 1963;  Bokander  1 96 5 ) .  S i m i l a r l y ,  

p a t i e n t s  d i a g n o s e d  a s  manic  a r e  more a p t  t o  o v e r e s t i m a t e  d u r a t i o n  t ha n  

d e p r e s s i v e s  who t e n d  t o  d i s p l a y  u n d e r e s t i m a t i o n s  (Orme 1964;  Lhamon, 

G o l d s t o n e  & G o l d f a r b  19 6 5 ) .  S t u d i e s  i n v e s t i g a t i n g  j u d g e d  d u r a t i o n  a s  

a  f u n c t i o n  o f  mood o r  e m o t i o n a l  c h a n g e s  show c o n v e r g i n g  r e s u l t s .  When 

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

u n d e r e s t i m a t i o n s  o f  t i me  w h i l e  o v e r e s t i m a t i o n s  a r e  r e v e a l e d  in 

s i t u a t i o n s  o f  f e a r ,  h a p p i n e s s ,  and e x c i t e m e n t  ( Me l ge s  & F o u ge r ou s se  

1966;  Kas tenbaum 1 9 6 5 ) .  L a s t l y ,  a l t e r a t i o n s  o f  i n t e r n a l  r hy t hms  may 

a l s o  a c c o u n t  f o r  t h e  c h a n g e s  in t e mpor a l  e x p e r i e n c e  t h a t  seem t o  o c c u r
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a s  a - func t i on  o f  a g i n g  (LeBl anc  1969;  McGrath fit O 'Hanl on  196 8 ) .  

C h i l d r e n  commonly r e p o r t  t h a t  < c l o ck )  t ime seems r e l a t i v e l y  s l ow,  

p e r h a p s  b e c a u s e  t h e i r  l e v e l  of  i n t e r n a l  a c t i v i t y  i s  a t  i t s  peak w i t h i n  

t h e  l i f e  s p a n .  E l d e r l y  i n d i v i d u a l s ,  on t h e  o t h e r  h a nd ,  f r e q u e n t l y  

c l a i m  t h a t  " t i me  seems t o  f l y " .  A g a i n ,  i t ' s  q u i t e  p o s s i b l e  t h a t  t h e i r  

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

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

In sum,  t h e r e  i s  a v a r i e t y  of  t ime e x p e r i e n c e s  t h a t  can a l l  be 

i n c o r p o r a t e d  w i t h i n  t h e  E x p e c t a n cy  Model .  Over and u n d e r e s t i m a t i o n s  

of  d u r a t i o n  can r e s u l t  f rom f a c t o r s  w i t h i n  t he  o r g an i s m  or  

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

f u n c t i o n  o f  s y n c h r o n i z a t i o n  and e x p e c t e d  e n d i n g s .  T h u s ,  t h e r e  seems 

t o  be a number o f  c r i t e r i o n  on which t h e  E x p e c t a n cy  Model h a s  emerged 

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

a p p r o a c h .  I t  h a s  been d e m o n s t r a t e d  t h a t  t h i s  a l t e r n a t i v e  a p pr o a c h  i s  

n o t  o n l y  more p a r s i m o n i o u s  and e c o l o g i c a l l y  v a l i d ,  b u t  in a d d i t i o n ,  

can a p p l y  t o  a wi de  r e a l m  of  t ime e x p e r i e n c e .

C h a p t e r  Summary

T h i s  c h a p t e r  h a s  summar i zed  t h e  m a jo r  c o n t r a s t s  be t ween  t he  

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

E x p e c t a n c y  Model t h a t  h a s  been  d e v e l o p e d  w i t h i n  t h i s  d i s s e r t a t i o n .  By 

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

e n v i r o n m e n t ,  t he  E x p e c t a n c y  Approach h a s  been shown t o  o f f e r  a number 

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

t h e s e  a d v a n t a g e s ,  howeve r ,  i t  i s  a l s o  acknowl e dged  t h a t  t h i s  novel
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p e r s p e c t i v e  i s  d e f i c i e n t  on two i m p o r t a n t  i s s u e s .  F i r s t ,  t h e r e  i s  a 

l a c k  o-f c o n v e r g i n g  o p e r a t i o n s  -for e x p e r i m e n t a l  h y p o t h e s e s  and s e c o nd ,  

t h e  i s s u e  o-f r emembered t ime h as  n o t  been a d e q u a t e l y  a d d r e s s e d .  Some 

ways  in which  t h e s e  p r o b l e m s  may be r e c t i f i e d  were  s u g g e s t e d .  The 

f i n a l  s e c t i o n  o f  t h i s  c h a p t e r  d i s c u s s e d  how t he  Ex p ec t a n c y  Model may 

be a p p l i e d  t o  o t h e r  s o r t s  of  t i me  e x p e r i e n c e  t h a t  have no t  p r e v i o u s l y  

been e ncompasse d  by one t h e o r e t i c a l  f r ame work .
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EXPERIMENT 1C

The p r i m a r y  pu r po s e  of  t h i s  r e c o g n i t i o n  memory e x pe r i m e n t  was t o  

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

j u d g e d  d u r a t i o n  t a s k .  S i nc e  t h i s  d a t a  was a v a i l a b l e ,  however ,  a 

s e c o n d a r y  p u r po s e  was t o  d e t e r m i n e  w h e t h e r  p r o t o t y p e s  and 

n o n p r o t o t y p e s  a r e  d i f f e r e n t i a l  1 y remembered.

P r e v i o u s  r e s e a r c h  by Goodman (1980)  and Dowl ing has  r e p o r t e d  t h a t  

n o n p r o t o t y p i c a l  s t i m u l i  a r e  b e t t e r  r e c o g n i z e d  than  p r o t o t y p i c a l  i t ems  

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

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

i n t o  a common c o g n i t i v e  schema w h i l e  n o n p r o t o t y p e s  r e c e i v e  a more 

i s o l a t e d  and d i f f e r e n t i a t e d  r e p r e s e n t a t i o n .  Hence p r o t o t y p e s  a r e  

b e t t e r  r e c a l l e d  b u t  p o o r l y  r e c o g n i z e d  b ec a u se  t h e i r  s t r u c t u r e  o v e r l a p s  

and i n t e r f e r e s  w i t h  t h a t  of  o t h e r  members in a schema.  I f  t h i s  i s  

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

e x p e r i m e n t .  In a d d i t i o n ,  t he  n a t u r e  of  d i s t r a c t o r  i t ems  s h o u l d  e x e r t  

a d i f f e r e n t i a l  e f f e c t .  I f  d i s t r a c t o r s  c o n t a i n  an i d e n t i c a l  c o n t o u r  to  

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

and s h o u l d  t h u s  be more p o o r l y  r e c o g n i z e d  as  NEW i t e m s .  N o n p r o t o t y p e s  

s h o u l d  no t  be d i f f e r e n t i a l l y  a f f e c t e d  by d i s t r a c t o r  t ype  s i n c e  t he y  

p r es umab l y  a r e  r e p r e s e n t e d  in a more i s o l a t e d  f o r m a t .  To t e s t  t h e s e  

c l a i m s ,  s u b j e c t s  f rom the  j u d ge d  d u r a t i o n  e x pe r i m e n t  ( l b )  were asked
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t o  r e t u r n  a s e c o nd  day -for a  r e c o g n i t i o n  memory t e s t .

Method

Des ion  and S u b j e c t s

The d e s i g n  was  2 x 2 x 2 x 2 x 2 x 3  mi xed  - f a c t o r i a l .  Two l e v e l s  

o-f t o t a l  d u r a t i o n  ( l o n g ,  s h o r t )  were  c r o s s e d  w i t h  two l e v e l s  o-f rhy thm 

( Four  and F i ve  B e a t ) ,  two l e v e l s  o-f p a t t e r n  t ype  ( R u l e s ,  N o r u l e s ) ,  and

t h r e e  l e v e l s  o-f memory p r obe  ( O l d ;  New w i t h  same c o n t o u r ;  New w i t h

di - f - ferent  c o n t o u r ) .  The two b e t w e e n - s u b j e c t s  v a r i a b l e s  were  

c o u n t e r b a l a n c e  o r d e r  ( I ,  11) and m e l o d i c  i n s t a n c e  g roup (A,  B ) .

The - f o r ty —f ou r  s u b j e c t s  who p a r t i c i p a t e d  in E x p e r i me n t  l b  (o-f the  

t i me  e s t i m a t i o n  t a s k )  r e t u r n e d  t h e  - fo l l owi ng  day f o r  t h e  p r e s e n t  

e x p e r i m e n t .  E l ev e n  s u b j e c t s  were  a s s i g n e d  t o  one of  t h e  f o u r  

b e t w e e n - s u b j e c t s  c o n d i t i o n s .

St  i mulus  Ma t e r  i a l s

The two g r o u p s  o f  m e l o d i e s  (Group A, B) f rom E x p e r i m e n t s  l a  and 

l b  were  d e s i g n a t e d  a s  t h e  s e t s  o f  "OLD" s t i m u l u s  i t e m s .  Each group 

c o n t a i n e d  8 m e l o d i c  p a t t e r n s ,  f o u r  r u l e  and f o u r  n o r u l e  m e l o d i e s ,

u nde r  t h e  f o u r  r hy t hm x d u r a t i o n  c o n d i t i o n s  a s  d e s c r i b e d  p r e v i o u s l y .

For  each  of  t h e  e i g h t  m e l o d i c  p a t t e r n s  in each  "OLD" s t i m u l u s  

g r o u p ,  two t y p e s  o f  "NEW" d i s t r a c t o r  i t ems  were  c r e a t e d .  One 

d i s t r a c t o r  c o n t a i n e d  t h e  same c o n t o u r  a s  i t s  OLD c o u n t e r p a r t  and the  

o t h e r  c o n t a i n e d  a d i f f e r e n t  c o n t o u r .  Such d i s t r a c t o r s  were  c r e a t e d  by 

p r e s e r v i n g  t h e  same i n i t i a l  a rgument  and end r u l e s  of  i t s  c o u n t e r p a r t ,  

b u t  c h a n g i n g  the  m i d d l e  r u l e  such  t h a t  i t  y i e l d e d  a same or  d i f f e r e n t  

c o n t o u r .
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The s e  d i s t r a c t o r  p a t t e r n s  were  t he n  c r o s s e d  w i t h  t he  two rhy thms  

a t  each  o-f t h e  two d u r a t i o n s ,  y i e l d i n g  a t o t a l  o-f 96 e x p e r i m e n t a l  

t r i a l s  -for e ac h  group  (A,  B ) . W i t h i n  a g r o u p ,  t h e n ,  t h e r e  were  32 

"OLD" i t e m s  and 64 "NEW i t e m s .  The 96 t r i a l s  were  r andomi ze d  and 

d i v i d e d  i n t o  two b l o c k s  of  48 t r i a l s  -for p r e s e n t a t i o n .  The a p p a r a t u s  

u s e d  -for p r e s e n t a t i o n  was  t h e  same a s  be- fore .

P r o c e d u r e

Re c o r de d  i n s t r u c t i o n s  i n f o r med  s u b j e c t s  o f  t a s k  r e q u i r e m e n t s  and 

e x p e r i m e n t a l  d e t a i l s .  On eac h  t r i a l ,  a one s e c .  w a r n i n g  t on e  (5000 

hz)  p r e c e d e d  a  p a t t e r n  by two s e c s .  Two s e c o n d s  l a t e r ,  t h i s  same 

p a t t e r n  was  r e p e a t e d  f o r  t he  b e n e f i t  o f  t h e  l i s t e n e r .  Dur i ng  a 7 s e c .  

r e s p o n s e  i n t e r v a l ,  s u b j e c t s  were  t h e n  r e q u i r e d  t o  d e c i d e  w h e t h e r  t h i s  

p a t t e r n  was  OLD or  NEW and t o  c i r c l e  t he  a p p r o p r i a t e  j udgmen t  on t h e i r  

r e s p o n s e  s h e e t .  S u b j e c t s  were  a l s o  a s k e d  t o  i n d i c a t e  t he  c e r t a i n i t y  

o f  t h i s  j u dgmen t  on a c o n f i d e n c e  s c a l e  r a n g i n g  f rom 1 t o  7 :  1 meaning  

v e r y  c e r t a i n  and  7 me a n i ng  v e r y  u n c e r t a i n .

Each e x p e r i m e n t a l  s e s s i o n  was a p p r o x i m a t e l y  45 m i n u t e s  in 

d u r a t i o n  w i t h  a  b r i e f  3 mi n .  r e s t  p e r i o d  p r o v i d e d  a f t e r  48 t r i a l s .

R e s u l t s

T h i s  e x p e r i m e n t  hoped t o  c o n ve r ge  on p r e v i o u s  r e s e a r c h  showing 

t h a t  p r o t o t y p e s  a r e  more p o o r l y  r e c o g n i z e d  t ha n  n o n p r o t o t y p e s .

A l t h o ug h  t h e r e  was  some s u p p p o r t  f o r  t h i s  h y p o t h e s i s ,  r e s u l t s  were  no t  

c o n s i s t e n t  w i t h  b o t h  m e a s u r e s  o f  r e c o g n i t i o n  a c c u r a c y  ( i e .  p e r c e n t  

c o r r e c t  and Ag) nor  u n i f o r m l y  a p p l i e d  t o  a l l  p a t t e r n  i n s t a n c e s .  I t  

t h e r e f o r e  seems  more r e a s o n a b l e  t o  m e r e l y  p r o v i d e  a s u c c i n c t  summary
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of  t h e  o v e r a l l  f i n d i n g s .  R e s u l t s  of  s t a t i s t i c a l  a n a l y s e s  a r e  

p r e s e n t e d  in t he  f o l l o w i n g  t a b l e s  of  t h i s  Appendix .

When d a t a  was a n a l y z e d  in t e rms  of  p e r c e n t  c o r r e c t ,  r e s u l t s  d i d  

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

and a  c o m p a t i b l e  Four  Bea t  r hy t hm,  y i e l d e d  lower  r e c o g n i t i o n .  In 

c o n t r a s t ,  n o n p r o t o t y p e s  c o n t a i n i n g  a F ive  Beat  rhythm and no r u l e s  

were  r e c o g n i z e d  a t  a more s u p e r i o r  l e v e l .  In a d d i t i o n ,  d i s t r a c t o r s  

c o n t a i n i n g  the  same c o n t o u r  a s  t he  o r i g i n a l  p a t t e r n s  were more 

d i s r u p t i v e  t o  p r o t o t y p e s  t han  n o n p r o t o y p e s . The more s e n s i t i v e  

measu re  of  Ag,  however ,  r e v e a l e d  t h a t  t h e s e  e f f e c t s  o n ly  occu r  w i t h i n  

one of  t he  two m e l o d i c  i n s t a n c e  g r ou p s  (Group A) .  The s econd  group 

p r o d uc e d  anomalous  r e s u l t s  t h a t  a r e  n o t  i mme d i a t e l y  e x p l i c a b l e .



TABLE 27

MEAN PERCENT CORRECTLY RECOGNIZED AS A 
FUNCTION OF RHYTHM AND MEMORY PROBE. 
<F2,80 «  2 2 . 7 1 ,  P<. 0001 ,  MSE = . 02?)  
MAIN EFFECT FOR RHYTHM (FI ,40 = 1 8 . 6 ,  
P<.0001 , MSE = . 0 2 5 ) .

FOUR BEAT FIVE BEAT MEANS

OLD .837 .757 .797

NEL) .511 .625 .568
SAME CONTOUR

NEW .697 .842 .770
DIFFERENT CONTOUR

MEANS .682 .741
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GROUP A 

GROUP B 

GROUP A 

GROUP B 

MEANS

TABLE 28

MEAN PERCENT CORRECTLY RECOGNIZED AS A 
FUNCTION OF RHYTHM, MEMORY PROBE, AND 
MELODIC INSTANCE GROUP.
<F2,80 = 5 . 9 7 ,  P < . 00 4 ,  MSE = .029)

NEW NEW
OLD SAME CONTOUR DIFFERENT CONTOUR MEANS

.784 .543 . 648 .658

.889 .480 .747 . 705

.756 .591 .824 .724

.759 .659 .861 .760

.797 .568 .770
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TABLE 29

MEAN PERCENT CORRECTLY RECOGNIZED AS A 
FUNCTION OF PATTERN TYPE AND MEMORY PROBE. 
<F2,80 = 1 6 . 3 8 ,  P<.QQ01,  MSE = . 03)

MAIN EFFECT FOR PATTERN <F1,40 = 1 1 . 0 4 ,
P< , 0 0 2 ,  MSE = .032)

MAIN EFFECT FOR PROBE <F2,80 = 3 7 . 5 3 ,  
P<.0001 , MSE = . 07)

RULE NORULE MEANS

OLD .827 .767 .797

NEW 
SAME CONTOUR

.493 .643 .568

NEW
DIFFERENT CONTOUR

.737 .803 .770

MEANS . 6 8 6 .7 3 8
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TABLE 30

MEAN PERCENT CORRECTLY RECOGNIZED AS A FUNCTION 
OF PATTERN TYPE, MEMORY PROBE, AND MELODIC 
INSTANCE GROUP.
<F 2 ,80 = 7 . 4 9 ,  P < . 0 0 i ,  MSE = .03)

GROUP A

GROUP B

GROUP A

GROUP B

MEANS .797  .568  .770

NEW NEW
OLD SAME CONTOUR DIFFERENT CONTOUR

.770 .457 .733

.884 .528 .741

.770 .676 .739

.764 .611 . 866

MEANS

.658

.705

.724

.7 6 0
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TABLE 31

MEAN Ag AS A FUNCTION OF PATTERN TYPE, 
MEMORY PROBE, AND MELODIC INSTANCE GROUP 
(FI  ,40 = 1 3 . 5 4 ,  P < . 0 0 0 7 ,  MSE = .005)

SAME CONTOUR DIFFERENT CONTOUR

RULES NORULES RULES NORULES

GROUP A .691 .776 .818 .828

GROUP B .819 .770 .900 .888

MEANS

.778

. 8 4 4

MEANS . 755 .773 .859 .858
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GROUP A 

GROUP B 

GROUP A 

GROUP B 

MEANS

TABLE 32

MEAN Ag AS A FUNCTION OF RHYTHM, MEMORY 
PROBE, PATTERN TYPE AND MELODIC INSTANCE. 
<F1,40 = 9 . 3 1 ,  P < . 0 0 4 ,  MSE = .003)

MAIN EFFECT FOR GROUP <F1,40 = 6 . 4 6 ,
P < . 0 1 5 ,  MSE = .059)

MAIN EFFECT FOR PROBE IS (FI  ,40 = 8 7 . 4 6 ,  
P<.0001 , MSE = . 009)

MEANS

.776

.858

.781

.8 3 1

. 755  . 773 .859  .858

SAME CONTOUR DIFFERENT CONTOUR
RULES NORULES RULES NORULES

. 723 .764 .816 . 799

.822 .794 .928 . 886

.659 .787 .820 .857

.816 .745 .871 .890
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EXPERIMENT 2B

One r e a s o n  why t h e  p r o t o t y p i c a l i t y  h y p o t h e s i s  was  n o t  s u p p o r t e d  

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

T h e r e ,  d i s t r a c t o r  m e l o d i e s  a l wa y s  p r e s e r v e d  the  r hy thm of  t h e  o l d  

i t ems  b u t  v a r i e d  in t e r m s  o f  same or  d i f f e r e n t  c o n t o u r . I t  may be 

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

f rom or  i n c o r p o r a t e d  i n t o  a common scheme on t h e  b a s i s  of  rhy thm <and 

n o t  c o n t o u r )  and how w e l l  t h a t  rhy thm c o r r e s p o n d s  t o  a p a t t e r n / s 

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

were  a l wa y s  p r e s e n t e d  w i t h  t h o s e  same m e l o d i e s  u s ed  in t h e  j u d ge d  

d u r a t i o n  t a s k  b u t  w i t h  an ■old"  o r  “new" r h y t h m .  The t e mpor a l  a c c e n t s  

o f  t h e s e  New r h y th ms  were  d e s i g n e d  t o  be c o m p a t i b l e  w i t h  one t y p e  of  

p r o t o t y p e  and i n c o m p a t i b l e  w i t h  the  o t h e r .  I f  p r o t o t y p e s  r e a l l y  a r e  

r e p r e s e n t e d  in a common scheme on t he  b a s i s  o f  r hy t h m,  t he n  m e l o d i e s  

c o n t a i n i n g  c o m p a t i b l e  r h y t h ms  s h o u l d  be more p o o r l y  r e c o g n i z e d  tha n  

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

METHOD

Des ion  and S u b j e c t s

The d e s i g n  was  a 2 x 4 x 4 x 2 x 2  mi xed  f a c t o r i a l .  Two l e v e l s  

o f  m e l o d i c  a rgument  s i z e  ( Th r ee  v s .  Four  To n e s )  were  c r o s s e d  w i t h  f o u r  

l e v e l s  of  m e l o d i c  i n s t a n c e ,  f o u r  l e v e l s  o f  r hy thm ( F i v e  B e a t ,  Seven 

B e a t ,  Duple M e t e r ,  S e x t u p l e  M e t e r )  and two l e v e l s  of  t o t a l  d u r a t i o n
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(Long,  S h o r t ) .  Two l e v e l s  o-f c o u n t e r b a l a n c e  o r d e r  was  t he  s i n g l e  

b e t w e e n - s u b j e c t s  v a r i a b l e .

The same t w e n t y - t w o  s u b j e c t s  o-f Expe r i me n t  2 were  r e q u i r e d  t o  

r e t u r n  a  s e c o n d  day f o r  t h e  p r e s e n t  e x p e r i m e n t .  E l ev e n  were  r andoml y 

a s s i g n e d  t o  one o-f t he  two c o u n t e r b a l a n c e  o r d e r s .

St  i mulus  Ma t e r  i a l s

The e i g h t  m e l o d i e s  u s ed  in t he  j u d g e d  d u r a t i o n  t a s k  were  c r o s s e d  

w i t h  f o u r  d i f f e r e n t  r h y t h m s .  Two o f  t h e s e  were  " o l d "  in t h a t  t h e y  

were  t h e  same F i ve  and Seven Bea t  r h y t h m s  a s  u s e d  in t h e  j u d g e d  

d u r a t i o n  t a s k .  The two "New" r h y t h m s  were  c o n s t r u c t e d  on t h e  b a s i s  of  

a Duple o r  S e x t u p l e  m e t e r .  The Duple m e t e r  c o n t a i n s  a paus e  a f t e r  

e v e r y  o t h e r  t one  and l i k e  t h e  Seven Bea t  r h y t h m ,  i s  c o m p a t i b l e  w i t h  

m e l o d i e s  b a s e d  on a f o u r  t on e  a r g u m e n t .  The t e mpor a l  a c c e n t s  of  t h i s  

r hy t h m ,  h owe ve r ,  a r e  i n c o m p a t i b l e  w i t h  t h e  m e l o d i c  a c c e n t s  of  m e l o d i e s  

g e n e r a t e d  f rom a  t h r e e  t one  a r g u m e n t .  C o n v e r s e l y ,  t h e  S e x t u p l e  m e t e r  

c o n t a i n s  a p a u s e  a f t e r  a s i x t h  t o n e  o f  a me l ody .  Li ke  t h e  F i ve  Beat  

r h y t h m,  i t  i s  t h e r e f o r e  c o m p a t i b l e  w i t h  m e l o d i e s  b a s e d  on a t h r e e  t one  

a r gume nt  and i n c o m p a t i b l e  w i t h  t h o s e  b a s e d  on a f o u r  t o n e  a r g u me n t .

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

w i t h  t h e  f o u r  r h y t h m s  a t  two t o t a l  d u r a t i o n s  (Long,  S h o r t )  t o  y i e l d  64 

e x p e r i m e n t a l  t r i a l s .  Two r a n do mi z e d  b l o c k s  of  32 t r i a l s  were  d e v i s e d ,  

r e s u l t i n g  in one p r e s e n t a t i o n  o f  each  p a t t e r n  f o r  a g i v e n  s u b j e c t .  

A p p a r a t u s

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

S u b j e c t s  were  i n s t r u c t e d  t o  d e c i d e  w h e t h e r  t h e  p i t c h  i n t e r v a l s  o-f 

a me lody  were  t h e  same a s  a me lody  e n c o u n t e r e d  on t he  p r e v i o u s  day 

(Ol d )  or  w h e t h e r  t h e y  were  u n f a m i l a r  (New).  I n s t r u c t i o n s  e mphas i zed  

t h a t  j u d g m e n t s  o-f " o l d "  and "new" s h o u l d  be made on t he  b a s i s  o-f 

me l ody  and  n o t  on r hy t h m.  In a l l  o t h e r  r e s p e c t s ,  t he  p r o c e d u r e  was 

i d e n t i c a l  t o  t h a t  o f  E x p e r i me n t  l b .

R e s u l t s

In t h e  memory t a s k  o f  t h e  p r e s e n t  e x p e r i m e n t ,  s u b j e c t s  were 

a l w a y s  g i v e n  t h e  same m e l o d i e s  a s  u s e d  in t he  j u d g e d  d u r a t i o n  t a s k  bu t  

w i t h  e i t h e r  “ Old* o r  “New" r h y t h m s .  P e r fo r ma n c e  the n  can o n l y  be 

a s s e s s e d  in t e r ms  o f  H i t s  and h i s s e s  b e c a u s e  t h e r e  a r e  no a c t u a l  new 

m e l o d i e s  t o  c o r r e c t l y  r e j e c t  o r  f a l s e l y  r e c o g n i z e d .  S i n c e  an Ag 

a n a l y s i s  i s  t h e r e f o r e  i n a p p r o p r i a t e ,  an a n a l o g o u s  me asu r e  of  

s e n s i t i v i t y  was o b t a i n e d  t h r o u g h  d i f f e r e n c e  s c o r e s .  He r e ,  t he  

p e r c e n t a g e  o f  m i s s e s  f o r  e ac h  Old rhy thm was  s u b t r a c t e d  f rom t he  

p e r c e n t a g e  of  m i s s e s  f o r  i t s  c o r r e s p o n d i n g  New r hy th m.  S i nc e  t h e  Five  

Bea t  and S e x t u p l e  m e t e r  r hy t hms  a r e  b o t h  c o m p a t i b l e  w i t h  t h e  m e l o d i c  

a c c e n t s  o f  p a t t e r n s  b a s e d  on a Th r ee  Tone a r gume nt  ( a nd  b o t h  a r e  

i n c o m p a t i b l e  w i t h  m e l o d i e s  g e n e r a t e d  f rom a Four  Tone a r g u m e n t ) ,  t h e i r  

r e s p e c t i v e  e r r o r  r a t e s  were  s u b t r a c t e d  f rom one a n o t h e r .  S i m i l a r l y ,  

t h e  e r r o r  r a t e s  f o r  t h e  Seven Bea t  and Duple m e t e r  r h y t h m s  were 

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

c o m p a t i b l e  w i t h  m e l o d i e s  g e n e r a t e d  f rom a Four  Tone a rgument  and 

i n c o m p a t i b l e  w i t h  t h o s e  b a s e d  on a T h re e  Tone a r g um e n t .



2 9 9

T a b l e  33 d i s p l a y s  t h e s e  mean d i f f e r e n c e  s c o r e s  a s  a f u n c t i o n  of  

m e l o d i c  a r gume nt  s i z e  and r h y th m.  The means  d i s p l a y e d  in each 

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

and t o t a l  p a t t e r n  d u r a t i o n .

The r e s u l t s  of  an a n a l y s i s  o f  v a r i a n c e  f a i l e d  t o  r e v e a l  any 

s i g n i f i c a n t  main e f f e c t s  or  i n t e r a c t i o n .
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T a b l e  33 .

Mean d i f f e r e n c e  s c o r e s  a s  a  f u n c t i o n  of 
m e l o d i c  a rgument  s i z e  and r hy t hm.

F i u e  Bea t  
S e x t u p l e  Me t e r

Seven Beat  
Duple  Mete r

T h r e e  Tone Four  Tone

30 .30

28 .31
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EXPERIMENT 3C

The t a s k  w i t h i n  t h i s  l a s t  memory e x p e r i m e n t  di-f-fers f rom t h a t  

us ed  in t he  two p r e v i o u s  s t u d i e s .  Here a s u b j e c t  was s i g n a l l e d  t o  

p e r f o r m  one o-f two t a s k s  be-fore each  e x p e r i m e n t a l  t r i a l :  a)  t o  compare 

t he  r e l a t i v e  d u r a t i o n  o-f p a t t e r n s  o r ;  b) t o  d e c i d e  w h e t h e r  two 

p a t t e r n s  a r e  t he  "same or  di - f - ferent "  in p i t c h  r e l a t i o n s h i p s .  1-f 

p a t t e r n s  e n d i ng  on t h e  t o n i c  and ma j o r  t h i r d  a r e  i ndeed  r e p r e s e n t a t i v e  

o-f n a t u r a l  m u s i c ,  c o n s t i t u t i n g  p r o t o t y p e s ,  per-formance on both  

p a t t e r n s  s h o u l d  be lower  t han  t h a t  on p r e v i o u s  c o n t e x t  e n d i n g s  (which 

s h o u l d  be more n o n p r o t o t y p i c a l ) ,  S i m i l a r l y ,  p a t t e r n s  e n d i n g  on the  

t o n i c  and ma j o r  t h i r d  s h o u l d  y i e l d  comparab l e  p e r f o r m a n c e .  To 

i n v e s t i g a t e  t h e s e  v a r i o u s  s e t s  o-f p r e d i c t i o n s ,  the  - fol lowing 

e x p e r i m e n t  was c o n d u c t e d .

Method

As d e s c r i b e d  in Expe r i men t  3b.

R e s u l t s

As be- fore,  t h e  pu r po s e  o-f t h i s  r e c o g n i t i o n  memory t a s k  was t o  

t e s t  a h y p o t h e s i s  c o n c e r n i n g  t he  memor ial  r e p r e s e n t a t i o n  o-f 

p r o t o t y p e s .  P r e v i o u s  r e s e a r c h  by Goodman (1980)  and Dowling (1978)  

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

A c c o rd i n g  t o  t h i s  r a t i o n a l e ,  t he  r e s o l v e d  p a t t e r n s  o-f t h e  p r e s e n t  

e x p e r i m e n t  s h o u l d  have been more p o o r l y  r e c o g n i z e d  than  u n r e s o l v e d
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p a t t e r n s .  However ,  when t h e  d a t a  was a n a l y z e d  b o t h  in t e r m s  of  

p e r c e n t  c o r r e c t  and Ag,  r e s u l t s  d i d  n o t  s u p p o r t  t h e s e  e x p e c t a t i o n s .  

T h e r e  were  i n e o n s i s t a n c i e s  a c r o s s  b o t h  m e a s u r e s  o f  r e c o g n i t i o n  and ,  in 

g e n e r a l ,  r e s u l t s  were  n o t  amenable  t o  any l o g i c a l  i n t e p r e t a t i o n .  They 

a r e  summar i zed  in t he  f o l l o w i n g  t a b l e s .
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TABLE 34

MEAN PERCENT CORRECT RECOGNITION AS A 
FUNCTION OF THE HARMONIC ENDING OF THE 
FIRST AND SECOND PATTERN OF A PAIR.
<F8,112 = 7 . 4 2 ,  P < . 0 0 01 ,  MSE= . 04)

SECOND PATTERN

F
I

TONIC

MAJOR
THIRD

PREVIOUS 
CONTEXT NOTE

TONIC
MAJOR
THIRD

PREVIOUS 
CONTEXT NOTE

.7 6 . 77

CD

.78 .70 cn CO

.75 .4 6 .59



TABLE 35

MEAN Ag AS A FUNCTION OF THE HARMONIC ENDING 
'OF THE FIRST AND SECOND PATTERN OF A PAIR. 
( F 5 ,70 = 1 1 . 4 8 ,  P < . 0001 ,  MSE *  . 01)

SECOND PATTERN

MAJOR PREVIOUS
TONIC THIRD CONTEXT NOTE

TONIC .83 .80

MAJOR
THIRD .79 .65

PREVIOUS
CONTEXT NOTE .7 5

CKID


